https://nhathuocnhgocanh.com/

BOQYTE

HOA PHAN TICH

Tapl

(DUNG CHO PAO TAO Dwoc si DAl HOC)

PGS. TS. VO THI BACH HUE (Chu bién)

/\Qs NHA XUAT BAN GIAO DUC VIET NAM



https://nhathuocngocanh.com/

BOYTE

~ N o~ o~ oA~

Jtr N

(DUNG CHO BPAO TAO DUQOC Si PAI HOIC)



https://nhathuocngocanh.com/

HOA PHAN TICH

TAP 1

pUNG CHO BAO TAO DUQC sTPAI HOC)
MA SO: D.20.Y.14

(T4i ban 1an th¢ hai)

NHA XUAT BAN GIAO DUC VIET NAM



https://nhathuocngocanh.com/

Chidao bién soan:

VU KHOA HOC VA PAO TAO - BO Y 1E
Chu bién:

PGS. TS. VO THI BACH HUE

Nhirng nguoibién soan:
PGS. TS. VO THI BACH HUE

ThS. PHUNG THE BONG

ThS. TRAN TH| TRUC THANH
ThS. PHAN THANH DUNG
ThS. NGUYEN HO'U LAC THUY

Thamgia td chirc ban théao:
ThS. PHi VAN THAM

TS. NGUYEN MANH PHA

© Ban quyén thudc Bo Y té (Vu Khoa hoc va bao tao)

04 - 2009/CXB/480 - 2117/GD Ma s6 : 7TK725y9 - DAI



https://nhathuocnhngocanh.com/

A loirioL TAiéu

Thuwc hién motso'diéu cha Luat Gido duc, BO Gido duc & Dao tao va BO Y té
da han hanh chuong trinh khung dao tao Dwoc sT dai hoc. BO Y té td chirc bién
soan tailiéu day - hoc cacmoén co s va chuyén mén theo chuong ¥inh trén nham
trng buwdc xay dung bd sach dat chuan chuyén mon trong céng tac dao tao nhan

lwc Vté.

Sach TIOA PHAN TICH duwoc bién soan dwa (én chuong rinh gido duc cla
Truong Paihoc Y Dugec Thanh ph6'H6 ChiMinh trén co s& chuong trinh khung
da duQcphé duvét. Sach dwoc cac tacgida PGS.TS. V@ Thi Bach Hué, ThS. Phung
ThéDPobng, ThS. Tran Thi Tric Thanh, ThS. Phan Thanh Diing, ThS. Nguyén Htu
Lac Thay bién soan theo phwong cham : Kién thic co ban, hé théhg ; ndi dung
chirri xac, khoa hoc ; cap nhat cac tién bd khoa hoc, k§ iuathién dai va thuc tién &
ViétNam.

Sach HOA PHAN TICH da duoc Hoi ddng chuyén mon thdm dinh sach va tai
liéu dav - hoc chuyén nganh Dwoc sT dai hoc clia Bo Y tétitidm dinh nam 2007.
BO Y té quyét dinh ban hanh la tai liéu day - hoc dat chuan chuyén mén cla
nganh trong giai doan hién nay. Trong tiToigian tir 3 dén 5 nam, sach phai duQc
chinh ly, bOsung va céap nhat.

BO Y téxin chan thanh cdm on cac tacgia va Hoi dong chuyén mon thain dinh
da gitp hoan thanh cudn sach ; cdm on GS.TS. Tir Vong Nghi PGS.TS. Tran Tw
An da doc vaphan bién décudn sach sém hoan thanh kip thoiphuc vu cho cong
tac dao taonhan lucy té.

Lan dau xuai ban, chdng téimong nhan duocy kién donggop cia ddng nghiép,
cac ban sinh vién va cac docgia d € lan xudt ban sau sach duQchoan thién hon.

VU KHOA HOC VA PAOTAO - BOYTE
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LO1 NOI PAU

HOA PHAN TICH la m6t mén hoc danh cho cac hoc vién thudc nganh Hoa. o
khoa Dugc ciia Truong Pai hoc Y Dwgc Thanh phd' H6 Chi Minh, mén nay duoc
giang day cho

- sinh vién Dugc nam th 3 (hé chinh quy 5 nam)

- sinh vién Dwoc nam th 2 (hé tap trung 4 nam)
nham trang bi cac kién thirc co ban vé hoa hoc phan tich dé tir d6 sinh vién Duoc
hiéu ré hon cac mon Bao ché, Duoc liéu, Hoa duQc, Duoc lyc, Kiém nghiém thudc la
cac mon nghiép vu sé duogc hoc tap 6 cac nam ke tiép.

Hoa phan tich ciing 12 mot trong nhitng mén hoc nhdm cung cép céc kién thirc
nén tang rat quan trong dé sau khi t6t nghiép, du lam viéc & bat ky cac vi tri nao
thi Duoc sT cling xac dinh dwoc nhiém vu cta minh la truc ti€p hay gian ti€p gop
phan lam cho thudc phai dung vé chat lvong va da vé s8'lvgng khi téi tay ngudi st
dung.

V6i muc dich trén, bd moén Hoa Phan tich - Kiém nghiém da bién soan sach
Hoa phan tich, tdp 1, cho sinh vién nganh Duoc theo chi dao clia B0 Y té va B0
giao duc - dao tao.

Noi dung sach Hoa phan tich, tdp 1, gébm céac phan sau:

Phan I: la phan dai cwong gém cac chudng tong quat dé cap dén:

- BOI tvOng, chirc ndng va phan loai ctia hoa hoc phan tich.

- Ca4c loai phan ng hoa hoc, khai niém va céc yéu to' anh hudng dén can bang
hoa hoc, hang s8'can bang va dinh nghia vé hoat do, ndng do.

- Cac khai niém vé sai s6 va 'ng dung toan théng ké dé xt ly cac két qua thu
duoc tir thwe nghiém nham dam bao do chinh xac theo yéu cau ctia nganh Dugk.

Phan II: la phan dinh lwvgng gom cac chuong viét ve:

- Céch biéu thi va tinh toan néng do dung dich cia mdt chat dwoc st dung
thuong xuyén khi phan tich.

- Nguyén tac va cach thé hién cac budc dé tién hanh phan tich khdi luong.



https://nhathuocngocanh.com/

- Nguyén tic, phan loai, giai thich cac khai niém, co ché cling nhu cac ng
dung cta cac phuong phap phan tich thé tich: acid - base; oxy hoa - khir; két tla
va tao phirc chd véu str dung trong nganh Dugc.

Céac can bd giang cta bd mon da cd gang cap nhat hoa kién thic dé bién soan
va van ludn mong gido trinh sé mang lai cho hoc vién kién thtrc bo ich, chinh xéac.

Chung t6i kinh mong quy thay c6, quy dong nghiép, quy doc gid va cac sinh
vién doc k§ va néu nhi*rng y kién déng gop, chi gilp cac thiéu sét dé chiing tdi hoan
thién hon tai liéu gidng day nay.

Chén thanh cdm on va mong nhan duQc nhirng y kién déng gop quy bau cla
quy va.

Chu bién

PGS.TS. VO THI BACH HUE
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Phan |

DAI CUONG

Chuong 1
DAl CUONG HOA PHAN TiCH

NOI DUNG

1. MO PAU

Hoa phan tich la khoa hoc vé cac phuwong phap xac dinh thanh phan hoa hoc
clia chat va cdu trac cda cac hOp phan c6 trong chéat phan tich.

Cac phuong phap cla Hoa phan tich cho phép xac dinh dinh tinh mot chat,
nghTa la c6 thé xac dinh xem chét phan tich dwoc cdu tao bai nhirng nguyén t6' nao,
nhom chirc ndo, va phan tich xem cac nguyén t§'va cac nhom chirc do duwQt sap xép
va lién két voi nhau nhuv thé nao (phan tich cau truc).

Hoa phén tich nghién clru cac phuong phap phan tich dinh lwong, dung cac
phuong phap dé dé xac dinh thanh phan dinh lvgng cla cac nguyén 3" cac hOp
chat hoa hoc trong chéat phan tich

N6i vé Hoa phan tich, ngudi ta cho rang day la khoa hoc vé cac phuong phéap
va phuong tién cla phan tich hoa hoc va trong mic dd nhat dinh xac dinh cdu tric
hoa hoc. V& phuong tién c6 thé hiéu dé la; dung cu, thubc thir, chat chuén
Phwong phap va phuong tién cla phan tich thay doi thwong duwa ra nhirng hwéng
mai, s dung nhirng nguyén tac moi, ca nhitng hién tuvong tir nhirng Ithh vuc co tir
xa Xuwa. Thi du, trong thwc nghiém phéan tich hoa hoc hién nay phuong phap vat ly
gilr vai tro quan trong dé la - phuong phap quang phd va vat ly hat nhan.
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Can phan biét khai niém "hoad hoc phan tich" va " phan tich hoa hoc". Hoa
phan tich la khoa hoc vé cac phuong phap phan tich, con phan tich hoa hoc la
nhirng phuong phap duOc dung trong thuc té dé xac dinh thanh phan hod hoc cua
chéat phan tich.

Nguoi ta con phan biét khai niém “ky thuét phan tich” va “phwong phap phén
tich™.

Ky thuat phan tich la dwa trén cac hién twvOng khoa hoc dé thu thap thong tin
vé thanh phan hoé hoc cia chét phan tich. Thi du nhu k§ thuat séc ky long hiéu
nang cao, k¥ thuat cwc pho.

Phwong phap phan tich la ’ng dung cu thé clia mot k§ thuat phan tich dé giai
quyét mot van dé phan tich. Phwvong phap cuta phan tich dé la phuong cach (cach)
xac diuh, fuan chirng rd rang, danh gia toan dién cé can cl¢ dé xac dinh thanh phan
clia doi twong phan tich. Thi du phwong phap phan tich vitamin ¢ bang ky thuéat
cuc phd, phurong phap xac dinh phenol trong nuéc séng dung k§ thuat sac ky.

2. CHUC NANG CUA HOA PHAN TICH HIEN PAI
C6 thé chia ra lam 3 chirc nang (Iinh vic khoa hoc):
2.1. Giai quyét cac van dé chung cta phan tich
Thi du: phat trién va hoan thién nhirng luan thuyét vé cac phvong phap phan tich.
2.2. Nghién clru cac phuwong phap phan tich
2.3. Giai quyét cac nhiém vu cu thé ctia phan tich

Thi du: sy thanh lap chuyén nganh Hoa phan tich vé thudc phong chdng dich
bénh.

C4u trdc sau cta moén hoc nay cé thé chia ra phan tich dinh tinh va phan tich
dinh lwgng. Phan tich dinh tinh giai quyét van dé la cac hOp phan nao c6 trong doi
twong phan tich, phan tich dinh lvong cho biét vé ham lwong cla tat cd hay cua
tirng hOp phan.

3. PHAN LOAI

3.1. Phan loai theo dwong I6i phan tich
- Téng thé - Cuc bd - Tryc ti€p - Gian tiép
- Phan hay - Khéng phan hay - Gian doan - Lién tuc

10
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3.2. Phéan loai dwa theo thé tich va khéi lwong chat phéan tich

Phan tich thé: lwvong mau th chét rdn 0,1 - 1 g, lvong mau thir dung dich

tv 1- 100 ml.

Phan tich ban vi lvong: luong mau the tir 0.01 - 0,1 g, dung dich ti
0,1- 0,3 ml.

Phan tich vi lvong: lvong mau ther tr 10" -10 ~ g, dung dich ti
10"-- 10" ml.

- Phén tich siéu vi lvong: lvgng méu thi tr 10®- 10 g, dung dich ti
10'M - 10“®ml.

3.3. Phan loai dwa trén ban cha*t ciia cac hOp phan cla chat can xac
dinh

- Phén tich dong vi: chuyén nganh trong phan tich it st dung, nhung phéan
tich nay thuwong dung trong vat ly, mé, sinh hoc. Thi du nhu: xac dinh nuwéc
deuterium trong nuwéc thudng, cling nhw clia oxy "ndng" (ddng vi oxy 18) trong hon
hOp vai sw dong vi pho bién oxy 16. Phan tich déng vi can thiét khi nghién clru cac
nguyén td'nhan tao.

- Phéan tich nguyén t6* (nguyén tl - ion): phan tich nhi*rng nguyén té' nao
co trong doi twong nghién clru, ham lwgng la bao nhiéu.

- Phan tich phan ti: day la sy phat hién va xac dinh hOp chat hoa hoc dugc
dac trwng bang khéi lwong phan tr xac dinh. Thi du; phan tich hén hOp khi, xéc
dinh trong khong khi nhitng thanh phan chinh (Ng, 02, CO2, O3 khi tro). Mot
trong nhitng phwong phap phén tich phan t& nguwoi ta st dung phwong phap
sac ky.

- Phan tich nhém chirc: B6i voi phan tich hoa hi*u co con c6 modt dang phan
tich & gitra phan tich nguyén té va phan tr - doé la phan tich nhém chic. Phan tich
nay truwéc hét xac dinh nhom chirc, nghia la xac dinh trng nhém hiru co riéng biét
nhv nhom carboxyl, hydroxyl, amin,...

- Phan tich chat; Trong phan tich chat nguwoi ta xac dinh trong dang nao cé
mat hop phan ta quan tam trong d6i tvong phan tich nay va ham lwgng cla nhiing
dang nay. Thi du: trong mirc do nao cla sv oxy hoa c6 mat nguyén t6" As(I11) hay
As (V), trong trang thai hoa hoc nao c6 mat nguyén ti' (thi du dong trong khoang
chét co thé & dang oxyd hay suliit hay hon hOp nhitng hQp chét nay). Phan tich
chéat c6 nhiéu cai chung v6i phan tich phan tlr hay twong.

- Phan tich twéng (pha): do la phan tich doi twong trong hé di thé. Thi du:
suniit va oxyd kém phan bé trong khoang chat khéng dong thé ma tao nhirng

n
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twédng khac nhau. Nguoi ta dung cac phuvong phap khac nhau dé tach va xac dinh
cac hé di thé tham gia trong thanh phan cau truc (cac twéng) riéng biét, khac nhau
vé tinh chat, vé cau truc vat ly va phan tach nhau béi gi¢i han bé mat.

3.4. PHAN LOAI THEO BAN CHAT CUA PHUONG PHAP

Xac dinh theo dac tinh cla tinh chat do hay theo kha nang ghi nhan tin hiéu
tvong ng.

C6 thé chia ra:

- Phuctog phap hoa hoc: la phuong phéap dua trén nhirng phan ¢rng hoa hoc.
Thi du: phan rng acid- base, oxy hoa - khtt, két tla - hoa tan, tao phtc.

- Phuvong phap hoa ly, vat ly: phwong phap vat ly dwa trén nhirng hién
twong va qua trinh vat ly nhu phvong phap quang ph6, phuvong phap so mau, vat
ly hat nhan,...

- Phwong phap sinh hoc: dua trén nhi*rng hién tvong cla cudc séhg (trao doi
chat, tang trudng, (e ché cla vi sinh vat...), thi du nhv phuong phap phan tich vi
sinh vat 1a dwa vao qué trinh trao ddi chét cta vi'sinh vat. Bang phuong phap vi
sinh vat nguoi ta dinh lwgng cac thuéc khang sinh, khang ndm, vitamin,...

4. PHAN TICH BINH TINH VA PHAN TICH PINH LUONG

4.1. Phan tich dinh tinh

Phan tich dinh tinh la xac dinh cac nguyén td, cac ion, cac phan tir cé trong
thanh phan chat phan tich.

DE tién hanh phuong phap dinh tinh ngwoi ta dung nhiéu phuong phap cé ban
chat khac nhau, cac ky thuat, cac dwong 16i khac nhau; phuong phap hoa hoc, vat
ly va hoa ly.

4.1.1. Phuwong phéap hoa hoc

Phrong phap hoa hoc la nhitng phuvong phap dinh tinh dua trén cac phan trng
hoa hoc. Nhitng phvong phap trong phan tich dwoc st dung rong réi trong thuc té,
phuong phap nay khong doi hoi trang bi phirc tap nhuwng con cé mot sé6 nhuwgc diém
la: trong trwedng hOp can phai tach chat ra khoi cac tap chat va phai tach & dang
tinh khiét thwong rat khé khan, déi khi khong thuc hién dugc, khong phat hién
dwoc nhirng luong chat rat nho.

4.1.2. Phwongphép vat ly va hoa ly

Phuong phéap vat ly va hod ly 1a nhi*tng phuong phép dya trén cac tinh chét
vat ly clia céac chat can phan tich.

Thi du: Sy nhudbm mau ngon Ira dén khi khdng mau thanh mau dac trweng do
cac hOp chéat bay hoi clia mot s6 nguyén t6 hod hoc Na™,

12
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Phuvong phap so mau ngon Ira: Ngon Ira Na" c6 mau vang, K ¢c6 mau tim,

c6 mau xanh luc nhat.

Phrong phap phan tich quang phd hong ngoai, phwong phap do quang (quang
ph6 hdp thu), phvong phéap cuc phd, phuong phéap sac ky v.v...

Dung phuwdng phap vat ly va hoa ly cé thé tach duoc cac nguyén t6 ma chdng
kho bi tach béi cac phwong phap hoa hoc, phwong phap vat ly va hoa ly c6 dé nhay
va dd chinh xéac cao nhwng phai ¢ trang bi phirc tap, may moéc dat tién khong phai
tdt cd cac co’sd déu trang bi dugc nén phuong phap hoa hoc van déng vai trd quan
trong trong cong tac phan tich.

4.2. Phéan tich dinh lwvgng

Phan tich dinh lwgng cho phép xac dinh thanh phan vé lvgng cac hOp phan cla
hOp chét da cho hodc cta hdn hOp cac chat. Khac voi phan tich dinh tinh, phan tich
dinh lwong cho kha& nang xac dinh ham lwgng ctia cac hOp phan riéng ré cua chat
phan tich hoac ham lwgng chung clia chat can xac dinh trong chat nghién ctu.

Céac phuong phap dung trong phan tich dinh lwgng:

4N 1. Phuvong phép phéan tich hoa hoc

- Phan tich trong lwgng (phan tich khéi lvOng)

Phuong phap nay dua vao phan (ng két tha cac chat can d;.nh lwgng véi thubic
thr. Két tha duwoc tach ra khoi dung dich, rira that sach réi nung hodc lam kho sau
doé dem can. T khoi lvong clia két tha ta xac dinh dwoc khdi lwgng cla chat can
dinh lwong.

Phuong phap nay mat nhiéu thdi gian nhung kha chinh xac.

- Phan tich thé tich (chuéan do)

Phwong phap nay dwa trén sy do thé tich dung dich thudic thir da biét chinh
Xac néng dd can dung cho phan &ng voéi chat can dinh lwgng. Phuvong phap nay rat
phd bién, dwa trén cac phan (rng trung hoa, tao phirc, tao két tla, oxy hoa - khi,...

4.2.2. Phuong phap phan tich vat ly va hod ly (phwvong phap phéan tich
dung cu)

- Phrong phap phan tich vat ly

Cac phuvong phap phan tich dinh lvong cho phép xac dinh thanh phan cla
chdt can phan tich khdng ding dén cac phan (*ng hoa hoc. D€ xac dinh thanh phan
chdt can phan tich cé thé do céac chi so'vé céac tinh chat vat ly nhu; hé s8'khdc xa
dod dan dién, nhiét,...

- Phuong phap hoa ly

Céac phuong phap phan tich dwa trén sy thay déi tinh chat vat ly cia mot hé
can phan tich, sy thay doi do xay ra do cac phan (rng héa hoc xac dinh. Cac phuong

13
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phap vat ly, hoa Iy thudng dung: cac phwong phap sac ky, cac phuong phap do
quang, phuwong phap dién hoa, cuc phd, dién di,...

5. CAC BUOC THuC HIEN CUA MOT QUY TRINH PHAN TICH

5.1. Mau thr - xac dinh doi tvOng

Dau tién phai xac dinh rd muc tiéu (can nhitng théng tin gi) va yéu cau phan
tich (dinh tinh hay dinh lvong). Thu thap thdng tin v@ mau thk: ban chat, ngudn
gc, cach 1dy mau, tinh trang mau va bao quan mau.

5~. Lwa chon phuvong phap

Lua chon phvong phdp phén tich dua trén nhiing théng tin cd truéc nhu: cd
mau phan tich, phwong tién phan tich, yéu cau phan tich,.. D& dat két qua phan
tich tot phu thudc nhiéu vao sv lwva chon phrong phap.

5.3. LAy mau the

Pay la bwdc quan trong nhét trong ca quy trinh phan tich. Chon mau dai dién
c6 thanh phan phan anh dang thanh phan mau can phan tich. Tir mau dai dién
chon va chuén bi mau lam thi nghiém va phan tich theo yéu cau.

5.4. X ly mau the

Pé phan tich, mau thir phai dwoc xt ly 1a tach cac chét can trd ra khoi hon hOp
trwdc khi do. BAay la giai doan quan trong trong phan tich.
5.5. Tién hanh do cac chat phan tich

St dung nhi*tng dung cu, may moc thich hOp dé do chét can phan tich.

5.6. Tinh toan - xtr ly két qua phan tich

Céc di liéu thu duoc xir ly theo toan théng ké dé danh gia do tin cay clha két
qua do duoc. Cac budc trén lién quan mat thiét voi nhau va anh huéng 1an nhau.
Trong thuc té, tuy theo tirng trieong hOp cu thé, cac bwdc ti€n hanh trén duwoc don
gian hoa hodc bd qua mot sé budc, hodc thwe hién ding cac budc trén.

6. HOA PHAN TICH LIEN QUAN TOIl CAC KHOA HOC KHAC

Hoa phan tich khéng thé va khdong chi la mét phan clia nganh hoa hoc ma né
lién quan mat thiét voi cac nganh khac nhu: vat ly va ky thuat. Phan tich hoa hoc
phan Ién dua trén cac thanh twu cla quang phé (quang hoc, phdng xa...), vat ly hat
nhan va nhiéu phan khac cta vat ly.

Cac phuong phap phan tich hoa hoc dwgc st dung trén nén tdng cac thanh tuu
cla cac nganh hoa khac nhu: ly thuyét vé can bang hoa hoc, dién hoa, dong hoa
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hoc, hoa v co, hoa hi*tu cd, hoa kéo. Ngoai ra Hoa phan tich con lién quan t6i toan
hoc va sinh hoc.

Nhu vav co thé néi rang Hoéa phan tich 1a dic trwng cia khoa hoc gdm nhiéu
nganh, khoa hoc lién quan.

7. HOA PHAN TICH VOI NGANH DUOC

Trong nganh Duogc, Hoa hoc phan tich gilr vai tro quan trong. N6 c6 mat trong
sudt qua trinh san xudat (kiém nghiém nguyén liéu, ban thanh pham, va san pham
cudi cung), bao quan, lvu théng va str dung thudc. Cac phwong phap phan tich s
dung rat phong phu va da dang thudc céac Iinh vuc: vat ly, hod hoc va sinh hoc.
Hién nay nguoi ta con quan tam nhiéu t6i cac phwong phap kiém nghiém dung
trong ddi twong sinh hoc, (thi du nhw phan tich mau, nwoc bot, dich néo tdy, gop
phan vao cac nghién ctru sinh duQc hoc va dugc dong hoc).

8. UNG DUNG VA HUONG PHAT TRIEn caa HOAphan tich

8.1. *ng dung

Hod phan tich dong vai tro quan trong trong sv phat trién khoa hoc k¥ thuat
va nhiéu mon khoa hoc tv nhién: hoa hoc, dia chat, dia ly, khoang vat hoc, vat ly,
sinh hoc, sinh hod, ndng hod, y dugc hoc. Trong nhitng ITinh vuc nay dé thuc hién
cac cong trinh nghién ctru khoa hoc déu doi hdi phai ap dung cac phwong phap
phan tich. Dva vao cac thong tin cla phan tich hoa hoc ma cac nha dia chat tim
kiém céac khoang chét. Dva vao két qua phan tich mau cac thay thudic chan doan
dugc tinh trang stic khée cla con nguti. Sy dinh lwgng cac ion K", Na* trong
dich té bao dong vat cho phép cac nha sinh Iy hoc nghién ctu vai trd cla cac ion
nav trong s dan truyén ludng than kinh ciing nhu trong co ché co va dudi ctia cac
co. Cac nha hoa hoc gidi thich cac co ché phdn (tng hoa hoc nhd vao viéc nghién
clru van toc phan (rng, nho cb cac phuong phap phan tich hién dai ma nguoi ta
tong hOp dwoc cac chat hoa hoc mai, ...

8.2. Hudng phat trién

Ngay nay véi sy phat trién cta khoa hoc ky thuéat tién tién doi hoi chuyén
nganh Hoa phan tich ngay moét hoan thién, dé dap &ng nhu cau trén Hoa phan
tich tién téi phai giai quyét duQc 6 van dé sau;

8.2.1. Xac dinh va giai quyét nhirng khé khan trong Hoa phan tich

Can phai xac dinh cac thong tin cu thé (dinh tinh, dinh lwong, tinh chat
chirc nang).

Xac dinh tinh huéng cu thé.
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8.2.2. Thiét ké mot quy trinh phan tich

Thiét lap tiéu chudn cho mot quy trinh phan tich (dd chinh xac, do dang, do
nhay, chi phi, quy moé thuc hién, tién do thuc hién...)

Xac dinh cac yéu t6"'can tré.

Lwa chon phwong phéap.

Thiét 1ap cac tiéu chuan tham dinh.

Céach 18y mau.

8.2.3. Thuc hién va thu thap di liéu

Kiém dinh dung cu va trang thiét bi.

Chuan hoa thudic thi.

Thu thap di liéu.

8.2.4. Xtr ly dir liéu

- Giam hoac bién doi dir liéu. - Banh gia két qua.

- Phan tich thong ké. - Biéu thi két qua.

8.2.5. Thuc hién danh gia cua co s& bén ngoai

Kiém tra danh gia lai két qua & phong thi nghiém cla cd so bén ngoai.

Tuy diéu kién thyc té, tinh hinh cu thé cla co sé ¢ thé khong gidi quyét dwoc
ngay hét cac van dé ma tirng bu6c gidi quyét tién téi hoan chinh nhu cac yéu cau
dat ra.

Hién nay & nudc ta nganh DuQc dang phat trién, cac xi nghiép DwOc co phan
trong nuoc va lién doanh da ra doi, bén canh do6 cac phong bao ché & cac khoa Dugc
cac bénh vién cling phat trién khéng nglrng, ngoai ra cac ngudn thudc nhap khau
cling rat phong phl tir cac nwdc phat trién va dang phat trién. D& dam bao chat
lvong thudc san xudt va thuéc xudt nhap khau dén tay nguoi tiéu dung, cong tac
kiém nghiém thudc ngay cang dwoc quan tam, vi vay nguwoi Dugc sT can trang bi
nhirng kién thirc virtng vang vé Hoa hoc phan tich. Ngoai cong tac ki€m nghiém
thudic, cac cong tac khac trong cac phong thi nghiém hoa dwoc, dwoc ly, duoc liéu,
dwgc lam sang, sinh hoda, doc chat,... cling doi héi nhitng kién thirc vé Hoa hoc

phan tich.

TU KHOA
- Hoéa hoc phan tich - Phan tich chéat
- Phén tich dinh lvong - Phan tich vi lugng, ban vi lvong, siéu vi lvong
- Phan tich phan ti - Phan tich nguyén "
- Phan tich dinh tinh - Quy trinh phan tich
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CAU HOI LUONG GIA

1. Cho biét ddi twong cla hoa hoc phan tich. Suv lién quan cla hoad hoc phan
tich voi nganh Duoc va cac mén khoa hoc khac.

2. Thé nao la phan tich dinh tinh? Néu cac phuong phap phan tich trong phan
tich dinh tinh.

3. Néu cac phuong phap dung dé phan tich dinh lugng.

4. Trinh bay cac bubc thwc hién cla mot quy trinh phan tich.

CAU HOI TRAC NGHIEM

Hay chon tir ngit thich hOp dién vao chd tréhg trong cac cau 1va 2 sao cho phui

hOp:

1. Hoa phan tich la khoa hoc vé sw xac dinh........ cla chat phan tich

a. phan trng hoé hoc c. thanh phan e. tinh chéat hoa hoc

b. thanh phan hoda hoc d. nhém chic

2. Phan tich dinh lugng cho phép xac dinh.... cla cac hOp phan trong chat
nghién ctu:

a. cau trac c. thé tich e. ham lwong

b. thanh phan d. trong luong

3. Phrdng phap hod hoc la phrong phap dwa trén

a. tinh chat hoéa hoc c. phan &rng hoa hoc e. cau truc hoa hoc

b. thanh phan hoa hoc d. hién tugng hoa hoc

4, Hoa phan tich dong vai trdo quan trong trong sy phat trién cla mon
khoa hoc

a. y dwgc hoc c. khoang vat hoc e. chi cau a,b

b. dia chat d. tat ca cac cau trén

5. C6 may budc chd yéu cta mot quy trinh phan tich
a. 3 c.0 e 7
b. 4 d s
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Chuong 2
GAN BANG HOA HOC

NOI DUNG

1. PHAN UUNG HOA HOC
1.1. Bbinh nghTa

Phan (rng hoa hoc la phan &ng khi lién két mot hay nhiéu hon 2 nguyén td'thi
cac lién két hoa hoc trong chét tham gia phan (rng thay doi va tao ra chat méi (san
pham). Qua trinh nay ludn kém theo 1 sy thay d6i nang lvong va tuan theo itinii
luat bao toan nang luvgng. Phan (¢ng hoa hoc két thic khi cé sw can bang phan tng
hoa hoc hay cac chat tham gia phan (rng da dwoc chuyén ddi hoan toan.

1.2. Cac loai phan &*ng hoa hoc

Céc tai liéu vé phan &ng hoa hoc hién nay phan loai nhiéu kiéu phan rng theo
cac co ché nhung chu yéu tap trung cac loai sau:

1.2.1. Phan &ng két hQp (synthesis reaction)

Trong phan (ng nay, 2 hay nhiéu chat don gian sé& két hOp dé tao nén chat
phtrc tap hon.
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e Dang coban: A + X -> AX
Thi du: khi hydro két hOp voi khi oxy cd thé tao nén chat phic tap hon la nwéc
2H2+ 02~ H20
Thi du 1: kim loai + oxy  oxid kim loai*:
2Mg(r) + 02(k) -> 2MgO(r)
Thi du 2: phi kim + oxy oxid phi kim:
C(r)+ 0.(k ™ co.ik)
Thi du 3: oxid kim loai + nwéc  hydroxid kim loai
MgO(r) + H*Od) -> Mg(0 H)2(r)
Thi du 4: oxid phi kim + nwéc  acid:
Co2(k) + H.Od) » HaCOginuéc)
Thi du 5: kim loai + phi kim — muoi:
2 Na(r) + Clsik) ~ 2NaCl(r)
Thi du 6: Vai phi kim két hOp v6i nhitng chat khac:
2P(r) + SCloCk)  2PCI3(K)
C6 2 phan &rng thudc loai nay can ghi nhé
N2(k) + 3H2(k) » 2NH3(K)
NHgik) + H.OG) * NH40H(nuéc)

Phan &*rng phan huy (decomposition reaction)

Phan (¢ng phan hly la m6t phan &¢ng hoa hoc tach r&i do mot chat tw hay hay
chia ra thanh céac don chat
« Dang co ban: AX -> A+ X
2H20 -> 2H2 + O2
Thidu 1: carbonat kim loai, khi dun néng tao thanh céc oxid kim loai va khi
C02(k).
CaCOgir) » CaO(r) + COgik)

Thidu 2: Hau hét cac hydroxid kim loai, khi dun néng phan hay thanh oxid
kim loai va nuéc.

Ca(0o H)2(r) » CaO(r) + HgOik)

* Ky hiéu (k = thé khi = gaz); 0 = thé 16ng = liquid); (r = thé ran = solid); (nudc = dung moi
nudc = aqueous)
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Thi du 3: Céac clorat kim loai khi dun néng phan hay thanh clorid kim loai
va oxy.

2KC103(r) -> 2KCI(r) + SCaCk)

Thidu 4: Mot s6 acid khi dun néng phan hay thanh oxid phi kim va nuwéc
H2S04” HgOG) + SOgik)

Thidu 5: Mot s6 oxid khi dun néng phan hay:
2HgO(r) ~ 2Hg(l) + o™ik)

Thidu 6: Mot s&'phan (*ng phan hdy duoc san xuat do dién phan
2H20(1) N 2H2(K) + OyCk)
2NaClI(l) ~ 2Na(r) + Clgik)
1.2.3. Phan &ng trao doi (replacement reaction)
Dang co ban: A+ BX"AX + BhayAX +Y/MAY +X
Thidu 1: Trao d6i 1 kim loai ctia 1 chdt bang kim loai ¢ hoat tinh hon
Fe(r) + CuS04 (nuoc) -> FeS04 (nuac) + Cu(r)

Thidu 2: Trao d6i nguyén t& hydro cé trong nwéc bang kim loai c6 hoat tinh
2Na(r) + 2H20() ~ 2NaOH(nuwéc) + HoCk)
Mg(r) + HgOik) ~ MgO(r) + HsCk)

Thidu 3: Trao d6i nguyén t& hydro cd trong acid bang kim loai co hoat tinh
Zn(r) + 2HCI(nwéc) -> ZnCl2(nwéc) + H2(K)

Thidu 4: Trao d6i phi kim bang kim loai c6 hoat tinh hon.
ClI2(k) + 2NaBr(nwdc) -> 2NaCl(nuadc) + Br(l)

a) Phan (rng trao doi don (single replacement reaction)

Phan &ng trao doi don la mot phan (ng hoa hoc cia mot don chat voi acid.
Trong phan &ng trao doi don thi mot nguyén té khong két hOp sé thay thé nguyén
i6 khac trong mot hOp chét. Hai chdt tham gia phan (¥ng nhuong chd cho 2 san
pham.

Thi du: Natri két hOp v6i acid hydrochloric thi natri sé thay thé hydro

2Na + 2HC1  2NaCl + H2
b) Phan (rng trao doi kép (double replacement reaction)

Trong phan (ng trao doi kép thi 2 hOp chat chuyén vi tri dé tao thanh 2 hOp
chat maoi. Hai chat tham gia phan (ng nhuong chd cho 2 sdn phdm méi.
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Thi du: Bac nitrat két hOp vai natri clorid sé tao 2 hOp chat mdi la bac clorid
va natri nitrat
AgNOa + NaCl  AgCl + NaNo;3
FeaOg + 6HC1  2FeCI3+ 3H20
¢) Phan (ng trao doi ion
Phan (rng trao déi ion la phan (ng hoa hoc xay ra gilra cac ion trong dung dich
nwéc. Mot phan rng sé xay ra khi cdp ion cung nhau trao doi dé tao thanh it nhat
mot trong nhitng chat sau: két tha, khi, nuvdc hay chat khéng ion hoa khac.

« Dang co ban: AX + BY -> AY + BX
Thidu 1: Phan &rng tao tua
NaCl (nuéc) + AgN03 (nudc) -> NaNOainwéc) + AgCI(r)
BaCloinwdc) + Nag S04 (nwdc) -> 2NaCl(nwoc) + BaS04(r)
Thidu 2: Phan (rng tao khi
HCI(nudc) + FeS(r) -> FeCl2(nwoc) + i12S(K)

Thidu 3: Phan &rng tao nwdéc. (Néu phan (rng gitra acid va base thi goi la phan
trng trung hoa)

HCI(nwéc) + NaOH(nuwéc) -> NaCl(nwéc) + HgOQ)

Thidu 4: Phan (ng tao ra mot san pham phan hay

CaCOqgCr) + HCIl(nuwtc) ~ CaClsinwéc) + COaik) + HgOa)

1-2.4. Phan &rng oxy hoa - khir

Chat tham gia phan &ng bi oxy hoa (mat mét hay nhiéu electron) va céac chat
tham gia khac bi khtr (nhan mdét hay nhiéu electron).

Céc thi du chung cuta cac phdn (rng oxy hoa - khir lién quan dén oxy la s sét
ri ciia kim loai nhw sat (cac kim loai bi oxy hoa bdi oxy cla khi quyén), sw dét chay
va chuvén hoa nang lvgng trong co thé.

C10H8+ 1202 ~ 10CO2 + 4H20 + nhiét
CH2S + 6F2~ CF4+ 2HF + SFe + nhiét

M6t thi du clia phan (ng oxy hoa - khr khdng lién quan dén oxy ctia khi quyén
la phdn rng tao dién trong binh acquy:

Pb + PbOa + 4H" + 2504~ ~ 2PbSO4 + 2H20

2. KHAI NIEM VE Sy CAN BANG HOA HOC

Khi khdo sat cac phan (*ng hoa hoc nguoi ta nhan thay co rat it phan rng hoa
hoc di chuyén chi theo mot chiéu. Da s6 cac phan (*ng hoa hoc déu di chuyén tiiuan
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nghich. Khi bt dau cé sw tao thanh san phdm la c6 phan &ng theo chiéu nguOc lai
hay cé thé néi ngay tir lic cd nhitng phan tlr san pham xudt hién la bat dau cé
phan rng nghich.

Khi toc d6 cta phan ng di chuyén theo chiéu thuan va theo chiéu nghich
bang nhau va ndng do cla chit tham gia phan (¥ng va cta ndng dd san pham
khong thay d6i theo thoi gian nita 1a can bang hoa hoc da dat dén.

Can bang hoa hoc 12 mot qua trinh can bang dong. Hay twong tuQng nhuw
nhirng ngwoi dang truot tuyét trén 1 doic thodi. Lwong nguoi dang di 1én va truot
xudhg lién tuc ndi ti€p nhau thay doi nhung tong 0" nguoi tham du trvot tuyét tir
dinh toi chan doc khéng thay doi.

Khi n6i dén can bang hoa hoc la n6i dén co it nhat 2 chét khac nhau: chét
tham gia phan ng va san pham.

Khi n6i dén can bang vat ly 1a chi dé cap dén mot chét co trong 2 pha (thé) khac
nhau va si thay doi san pham chi la thay doi vé ly trih. Thi du trong sw bay hoi nwéc
s& mol HgO thoat ra khai thé 1dng bang voi s8' mol H20 chuyén thanh thé khi:

H20 () » H20 (k)

Mot thi du dién hinh cta can bang hoa hoc 1a phan tng:

N204 (k) ~ 2N02(k) (2.1)

bay laphanng tao thanh khi nito dioxyd(NO2) twkhi dinito tetraoxyd

(N204). C6 thétheo dbi dién bién ctia phan &ng nady dédang doN2041a khi khong

c6 mau trong khi NO2cd mau nau dam. Néu bom mot lwgng chinh xac N.O. vao

mot binh cau trong dé la chan khong thi mau nau ctia sé xuat hién ngay chirng té

la NO2c6 mat. Mau nau sé dam dan do N204ty phan ly. Dén khi dat can bang thi
mau khong doi nira.

DOl véi phan (ng nguoc voi phan ng (2.1)

2N02(k) N204 (k) (2.2)

Trong c&c hinh minh hoa 2.1 va 2.2 vong mau nau den dai dién cho khi NO2va

vong trang dai dién cho khi N204.

Né&u bat dau voi NO2, c6 thé minh hoa can bang dat dén nhu sau:
1 2 3 4 5 6
0

.V /\ % Oo em=* - OO#
0*... O'.O O#O .0.0

Hinh 2.1. Chuyén 2NO2 (k) N204 (k), hé théng can bang écac 6 4, 5va 6
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NEu bat dau vai N204, 6 ciing nhiét do ¢ thé minh hoa can bang dat dén I

8 10 12
000 .00 .g. o ... co0e0- O,
0

° *Q - 00 .2 =s0 . Q
BOOO °0 o O # O L)

Hinh 2.2. Chuyén N204 (k) n 2NO2 (k), hé théng can bang & cac 6 10,11 va 12
Tuy theo nhiét do va khoi lvong ban dau ctia N204 (co thé co 1an NO2 hay
khong) da st dung ma ndng do ciia NO2va N204 & trang thai can bang cla hé nay
sé khac hé khac.

Chuay:
- MOt hé théng can bang khong can bat c nang lwong nao dé duy tri sw

can bang.
0 - Khong nén 1an 1on trang thai can bang va trang thai tinh. Trang thai tinh 1a

trang thai ma cac néng doé déu khong dai theo thoi gian.

- Can bang hoa hoc la trang thai déng trong do chat tham gia phan t¢ng va
san pham chuyén doi lién tuc cho nhau. Toc do mat di va xudt hién cda ching
bang Iiau.

Bang 2.1 néu vai dit liéu thwc nghiém lién quan dén phan (rng nay 6 25 do c.
Nong dd cta khi dwoc dién ta bang ndng do mol va duoc tinh tir s6 phan tir cta khi
c6 mét tir ldc phan ng bt dau cho dén lic phan (ng can bang xay ra trong 1 thé
tich ctia binh cau (tinh bang lit).

Phan tich cac di* liéu tir sw can bang sé cho thay trong khi ty 3" QJ

cho nhi*rng gia tri thay doi thi ty s6 0 ] trung

binh la 4,63 X 10"

Gia tri trung binh nay goi 14 hdang s6 can bang K d6i voi phan (ng nay & 25
docC.

Biéu thirc toan hoc clia hang s6' can bang déi vai hé NO2- N2041a

K={" A =463x10-3
[N204]

Cling can chl y 1a s6 mii 2 cla [NOg] trong biéu théc trén bang hé sé can bang
ty lugng cia NO2trong phuong trinh (2.1).
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Khai niém nay thu dwoc khi xét phuong trinh cda phan tng thuan nghich:
A+B ¢ +D (2.3

A, B: Céc chat tham gia phan (ng

c¢,D: San pham tao thanh.

Phwong trinh (2.3) la biéu thirc toadn hoc tuan theo dinh luat tac dung

khoi lvgng.
Bang 2.1. Gia tri cac ty s6 nong dd cua NO2 va N204
Nong do ban dau (M) Noéng do can bang (M) Gia tri cac ty so' nong do
INOZ2] [NOj

[NOZ [N204] INOZ] [N204] [N204] IN204]
0,000 0,670 0,0547 0,643 0,0851 4,65 x 10-"
0,0500 0,446 0,0457 0,448 0,102 4,66 x 10-"
0,0300 0,500 0,0475 0,491 0,0967 4,60 x 10"
0,0400 0,600 0,0523 0,594 0,0880 4,60 x 10"
0,200 0,000 0,0204 0,0898 0,227 4,63 x 10"

Thoi gian

b

Hinh 2.3. Bién ddi ndng do chia NO2 va N204 theo thoi gian
a) Luc d&du chi co6 NO2; b) Luc dau chi co6 N204; c) Lic dau c6 hdn hop NO2va N204
3. HOAT bO VA NONG B0

Khi néi dén hoat dd va nong do can xac dinh rd 2 loai nong do:
- Nong do mol/1 (phan t&r gam /1) chi s3'phan tlr gam chat tan (chat tan cé thé
la phéan tl, ion) c6 trong m6t 1000 ml dung dich.
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- Nong dd molan chi s6 phan t¢ gam chat tan c6 trong mot 1000 gam
dung dich.

Khai niém hoat dd va hé s6 hoat do do nha hoa lyngudi Hoa KyLewis dua ra
(1907). D€ hiéu rd hon sé xét thi du 6 bang 2.2

Biéu thirc dé tinh pH 1a pH= - Ig[H"] (la mot céng thirc rdt quen thudc dé dién
ta su lién quan gitra pH va ndng dd mol cla ion HO-

Theo bang 2.2, néu so sanh pH tinh toan theo congthirc va pH do duOc qua
thuc nghiém thi sé nhan thay cé sai s6"gilra gia tri pH ly thuyét va thuwc nghiém.

Ly do c6 sai sd nhw da thady la do biéu thirc pH= - Ig[H%] chi chinh xac trong
mot gidi han pha lodng va pH that su tinh theo hoat dd ion hydro chr khéng tinh
theo nong do.

Nghia la pH=-1g aH+

Hoat do Hh+cha ion hydro cé trong mot dung dich da cho cé thé duQc xac dinh
bang cach don gian la do pH.

Bang 2.2. Sw khac biét vé pH tinh theo ly thuyét va thwc nghiém

Nong dd mol ctia HCI pH theo ly thuyét pH theo thuc nghiém Sai s6 pH
0,00050 3,30103 3,31 -0,00897
0.0100 2 2,04 -0.04
0,100 1 1,10 -0,1
0,4 0,39794 0,52 -0,12206

MOt cach tdng quat, gitra hoat d6 va ndng dd c6 moi lién quan theo cong thic:
a=ychaya=fc
voi a: hoat do; y (hoac f): hé sé hoat dd; C: nong dd mol;
Hoat d6 dwa trén cac néng do da cho duoc ap dung tdt ddi voi cac dung dich
khong dién ly (hay cac hOp chat phan t&). Trong dung dich pha lodng, hé sd hoat
dd thuong = 1 cho nén hoat do = néng do.

Trong dung dich dién ly, do cac tdc dong twong hod cha dién tich nén can quan
tam dén vai yéu to dac biét dé tinh dwogc hé so hoat do nhu:

- Lwc ion: Khi ban dén dung dich ion thi it nhat phai biét vé lwc ion clia dung
dich nay vi ngudi ta tin rang luc ion s& anh hudng dén hoat do ion. Dai lwvgng nay
duoc ky hiéu la |

25



https://nhathuocnhngocanh.com/

MOt chat dién ly duwoc phan ly thanh;
M, X" =X + m X
Céc ion dwvong M™ va cac ion am phai cung cdmat trong mét dung dich va
khong c6 cach nao dé tach riéng hoat do cla cac ion dwong vaam. D6 vay, thuong
dung dai lvong hoat dé ion trung binh (a)
a = yC(M™XTA"A">
Doi vbi cd 2 ion dwong va am, ¢ la néng do ty lwong cla chat dién ly
(stoichiometric concentration).
Trueong hOp nay hé so hoat d6 trung binh dugc tinh theo biéu thirc:

r*=(Trvr

Trong dé v+ va V- lan lugt la 3" cation va anion trong 1 don vi cong thic cla
chat dién ly.

Ngoai ra, phwvong trinh Debye Huckel mé rong (cai tién tlr dinh luat gi¢i han
cta Debye Huckel) ciing 1a biéu thirc c6 cd s chiac chan dé lam nhe di cach tinh
nong do khi tinh theo hé s6'hoat dd trung binh:

n jIQ n
[1* )

Trong dé A 1a hang s3'tuy thudc vao tinh chét cta dung méi (A= 0,5085 d6i voi

nwéc & 25RC), z+ va z- la cac dién tich ion, | Ia luc ion duwQc xac dinh theo phuwong

lgy+ =-A 1

trircei:
| = 12z Zii
trong dé nii la ndng do cua ion i. Tom lai, | dwoc tinh dén tat ca cac ion co thé
c6 trong dung dich nay.
Dai vai cac dung dich dam dac, viéc s dung ndng do tinh theo trong lwgng cla
dung moi (ndng do molan) thwong cé thé cung cdp mot woc lwgng tot hon la dung
nong do tinh theo thé tich (ndng dé mol).

4. HANG SO CAN BANG (HSCB)

4.1. Cach tinh hang sé can bang

Pinh luat tac dung khdi lugng 1a dinh luat biéu dién méi lién quan gitra ndng do
(hoat dd) ctia cac chét phan (ng va clia san phdm phan (ng & trang thai can bang.
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DPinh luat tac dung khdi luvgng chi ap dung duwoc voi cac dung dich ly twéng la
dung dich cla cac chat khéng dién ly va cac chat dién ly yéu véi ndng do rat loang
(hoat dd). Trong thuc té, thuwong thwong nong do cla cac dung dich khong tuan
theo dd pha lodng mét cach chinh xac.

Trong trweong hOp cac chat dién ly manh hoac cac chat dién ly yéu nhung nong
do cao thi su sai léch rat Ién, day la gigi han clta dinh luat tac dung khoi lvgng. Vi
thé khi ap dung dinh luat tac dung khéi lwvong chi nhan duQc cac két qua gan
ding. Tuy vay, trong nhiéu truong hdp do chinh xac nay van chdp nhan duQt voi
cac muc dich thuc tién.

Thi du; d6i voi phan (ng &trang thai can bang

mA+nB  pC +gD (2.4)

Néu tinh theo hoat do

Khi mot phan (ng dat trang thai can bang thi ti sb' gitta tich cac hoat do cta
cac san phdm phan ng (duvoc nang luy thira véi 8" mi bang hé so'ti luong trong
phwong trinh phan ng) va tich twong (ng cla cac chét phan ¢ng 1a mot hang s6 (&
nhiét do cho san).

khi dat can bang thi ti s6

=Ka (2.5)
K3 dwgc goi la HSCB, trong do a®, aB, ac, I3 hoat do can bang cuta céac chét
phan ng (A, B) va cac san pham phan ¢ng (C, D); m, n, p, g la cac hé sd'ti lwOng

twong &ng.

Néu tinh theo nong do

Thay cho hoat d§, HSCB ciing c6 thé biéu dién qua ndng dd Ci, 4p sudt riéng p
hoac phan mol Xi cla cac cdu t& i twong (rng. Trong cac trvdong hOp nay HSCB duogc
ki hiéu K,, Kp, K,.

- hang s6 can bang:
Cf[D]*
[[A’F[[B]f =K
Trong phuong trinh 2.6
[A], [B], [C], [D]: nbng do can bang twong (*ng ctia chat phan ng va sdn pham
m, n, p, g: cac hé sd can bang (cac hé sd'ti lvong twong ¢ng).
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NEu coi (2.4) la phadn ng co ban (xay ra trong mot giai doan, mot va cham)
theo chiéu tir trai sang phai thi téc dd phan rng theo chiéu thuan duoc biéu dién
bang phwong trinh:

Vi=Ki[Ar[Bf 2.7
Trong d6, Vj la téc do phan (ng; m, n la cac hé so"ti luvong;
Kj: hang sb'téc do; [A] va [B] la ndng do tvong (’ng cla chdt phan tng Ava B o
thoi diém khao sat.
NEu coi (2.4) la phan &ng co ban hai chiéu, thuan va nghich, V2 la téc do phan
rng xay ra theo chiéu nguoc lai. Phan ¢ng duwoc dic trung bang hai hang s6' téc do
va Ko véi
V2 =K 2[C]P[D]1 (2.8)
Khi phan (rng dat t&i trang thai can bang thi V; = V2
Nghfa la Ki[A]"[B]* = K2[C]P[D]'i
Hang s6 can ban Kr=nr= 2.9
. : N K2 [A]-[Bf (9)

Trén thuc té, (2.4) thuvong biéu dién modt phan &ng phirc tap (bao gdm nhiéu
giai doan, qua nhiéu va cham) thi biéu thrc (2.6) noi chung khdng ding. Trong
trvong hOp nay ham téc do phan (ng phu thudc néng dé c6é dang phirc tap. Chi
trong mot s6 trwong hQp tdic dd phan ¢ng co thé biéu dién bang ham md:

V = kCiM.Cf (2.10)

Trong dé nl va n2 twong (ng la bac phan &ng theo cac cau t&r 1 va 2. C: nong
do cla cac chat tham gia hodc san pham tao thanh sau phan @ng.

Nhw vay, nl nva n2 it n. Bac phan ¢ngladai lvong duoc  xac dinh bang thuc
nghiém, khong lién quan dén cac hé so ti lwvong. Bac co thé la s6 nguyén, phan sb
hay s6'khong.

4.2. Hang s6 can bang cta cac phan ¢ng hay st dung trong hoa hoc
phan tich
4.2.1. Hang s can bang cta cac phan ¢ngphan ly (HSPL)
La hang s0'can bang cta phan ng phan ly mot chét.
Thi du: doéi véi phan rng phan ly acid yéu HA:
HA = + A"
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KV -V . [HA[A]ly 2

N~ glA - [HAlbia
K,, dwgc goi la HSPL nhiét dong; a: hoat dd cta ion hodc phan tt; y. hé s6 hoat
dd. Trong nhitng treong hOp, khi cd thé chdp nhan hé s6'hoat d6 khong doi:

K K A [H'A]

K7, duoc goi la HSPL diéu kién. K, phu thudc nhiét d6, khéng phu thuéc néng
do; con KJj, phu thudc ca ndng dd va nhiét do. Bén canh nguwoi ta con dung khai
niém pK™ = - IgK,.

Thi du. BGi véi acid acetic CH3COOH & 25°¢c, K, = 1,754. 10" va pK, = 4,76.

Trong hang s6 phan ly ngwdi ta co thé 1am rd hon vai hang s6 khac 1a:

a)Hang s6phan ly acid (phan (ng acid -base)

Phan (rng cua mot acid voi dung moi (nhw nwdc) dudc goi la phan &ng phan ly
acid. Acid chia lam 2 loai:

- Acid manh nhv la HCI chuyén hét proton cta né cho dung méi.

- Acid yéu nhu acid acetic khéng thé cho hét proton acid ctia né cho dung moi.
Thav vao dé hau hét acid con lai khong phan ly, chi moét phan nhé hién dién dudi
dang base liéTi hOp

CH3COOH (nuéc) + H20 0) - H30+ (nubc) + CHgCOO” (nube) (2.11)

Hang s6 can bang cla phan ling nay duoc goi hang s3'phan ly acid Kg. Kg cla
acid acetic la 1,75 X 10"

A [H"][CH3C0Q-]
[CH3COOH]

Chu y: ndng dd cua nuwdc co thé bd qua trong biéu thirc tinh  vi gia tri qua
I6n khéng bi &nh huéng b&i phan (rng phan ly. B 16n cta Kg cung cép théng tin vé
luc twong d67T cla acid voi K3 cang nhd thi acid cang yéu. (trinh bay trong
chuong 7)

bj Hang s6phan ly base (phan &ng acid -base):

Hang s3'phan ly base 14 hang s3'cén bang gilta base yéu va proton ma base
nhan dé tao nén acid va acid do.

Thi du giba NH3 va proton tao nén acid va acid do, c6 can bang:

NHa+HA  NH/
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V6i hdng s8"can béng
A [NH4"]
" [NHgliH-"]

Kt, deoc goi 14 hdang so' phan ly base. Vi cwong do cla base dwoc biéu thi bang
Kb nén Kb cang lén, base két hOp véi proton cang nhiéu, nghia la base cang manh.
Thi du NH3¢c6 Kb = 1,76.10"" manh hon base CH3COO' c6 Kb = 1,74.10"®.

¢) Hang s6 khéng bén cta phtrc chat (HSKB)

Hang s6'can bang gilta phitc chat va céac tiéu phan (ion, phan ti) tao nén phic

chat do. A
Thi du: gilta ion phttc Ag(NH3)2"va Ag”, NH3 (do ion phirc d6 phan ly) co6 can
bang:

Ag(NH3)2" A g~ + 2NH3

[Agn[NH,f
m [Ag][(NH3)il
Hang so' cdn bang Ki, nay dwoc goi 1a HSKB cla ion phitc Ag(NI113)2" vi Kb
cang Ion, ion phirc phan li cang nhiéu nén Ki, con duoc goi 1a hang so' phan ly cla
phtrc chét, (trinh bay trong chuong 10).
4.2.2. Hang sd can bang cha cac phan ng két hOp (HSKH)

La hang s6'can bang gilta ion tw do va cap ion (do hai ion khac ddu két hOp voi
nhau tao thanh).
Thi du: doi voi KCI (kali clorid) gitra cac ion ty do cr va cap ion K'»cr co
can bang:
+cr N K+Cr voi HSKH Kuu = N
[K+][Cr]
HSKH phu thudc vao hang s6 dién méi D cla dung mdi va néng do chét tan:
cla KCI 0,1 M trong acid acetic voi D = 6,2 la 106,9 va trong metanol voi
D = 32,6 la 101,15. Trong dung mdi c6 D cang nhd, cang cao; trong benzen,
clorofom hau nhuv khéng c6 ion ty do, vi D rat nho.
Trong hang s6 két hOp nguoi ta co thé lam rd hdn hang s6 khac nhu;
a) Hang s6'bén (HSB =K) (Phan (*ng tao phtrc)
Hang $3'bén 1a hang sb' can bang gitta cac ti€u phan (ion, phan t) tao nén
phiic chat va phtrc chat dé.
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Thi du: gilta Ag™ va NH3 tao nén ion phttc Ag(NH3)2* va ipn phic dé co
can bang
Ag +2NH3 AAg(NH3)28
vBi hang s6 can bang
" [Ag(NH3)|]
[Ag'KNHsI-

Hang s6 can bang K ciing dwoc goi 1a HSB cia ion phitc Ag(Nii3)2; vi K cang
l6n, Ag(NI1i3)9 duoc tao nén cang nhiéu nén K con duOc goi 1a hang s’ tao thanh
phtrc chat, (trinh bay trong chuong 10)

b) Hang s6 bén diéu kién (Phan (ng tao phic)

(trinh bay trong chwong 10)

4~ 3. Hang s6 can bang cta cac phan ¢ng trao ddi

Tich s6tan (Phan (rng tao tda)

Phan (*ng tao tla xay ra khi c6 2 hay nhiéu chat hoa tan két hOp véi nhau dé

tao thanh chat khéng tan goi la tia. Phan &ng két tia chung nhat la phan (ng
hoan vi ma trong dé 2 hOp chét ion hoa tan trao doi cac phan.

Thidu: (nwac) + 2C1 " (nuwéc) H PbCI2 (1)

Tuy nliién, trong viéc x& ly sw can bang cla sw két tla, cling thuwong xuyén gip
phan (rng nguoc chiéu mo ta sy phan ly cla tda nay.

PbClI2 () (nwéc) + 2C1- (nwde)

Trong phan (ng nay c6 mot hang s8" dwoc goi 1a tich s3'tan (solubility product,
Ksp) la tich ndng dd cac ion ctia hOQp chat it tan trong dung dich bao hoa chat do6

TST clia PbCl2= Ksp = [Pb™ [Ciy = 1.7 X10*A

Ddi véi cac chat tan kha, ¢ nong do bao hoa 16n, khdng ap dung tich s6'nong
dd, ma phadi tinh theo tich sé hoat do a (trinh bay trong chwong 9)

PbCI2 +2Cr

Tpbci2 ="PbZ'-"cr
4.2.4. Hang s6 can bang ctia cac phan (ng oxy hoa - khtr
Khong giong nhu cac phan (ng da dugc xét, vi tri can bang cta phan (ng oxy

hoa - kh* hiém dugc dién ta bang hang s6 can bang. Vi phan (ng oxy hoa - khir
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lién quan dén suv di chuyén electron tir tac nhan khir sang tdc nhan oxy hoa nén
xét nhiét dong hoc ctia phan (rng vé mat electron lai thich hOp hon (trinh bay trong
chuong 8).

Nhiét dong hoc la khoa hoc nghién clru su twong tac chia nhiét do voi su bién
thién ndang lvong va quan trong hon ca déi voi Iinh vec hoa hoc la nghién ctu sw
thay doi nang lwvong trong quéa trinh phan (ng. Nhiét dong hoc hoa hoc phan tich
cac yéu t6 xac dinh diém can bang cta phan tng. Hang s3'can bang K cé thé suy
ra tir ly thuyét nhiét dong hoc. K phu thudc vao ban chéat cta chat phan ng, nhiét
dod va ap suat.

& nhiét do va ap sudt hang dinh, nang lvong tv do Gibb biéu dién theo cong
thirc

AG=AH- T. AS

Trong do:

- T lanhiét do Kelvin; AG: la bién thién vé nang lvong tv do Gibb

- AH: la bién thién enthalpy; AS: la bién thién entropy

Bién thién nang luong AG lién quan dén hang s0"can bang K cta phan ng
hoé hoc

AG=AG + RTInK

4.3. *ng dung cha hang sd can bang K

Hang s6 K cho biét vé chiéu mic do hoan toan cta phan ¢ng. Néu K 16n rét
nhiéu hon 1 (K »1) thi phan &ng sé chiém wu thé tao ra ¢ va D; K cang 16n, phan
t’ng theo chiéu thuan cang hoan toan.

Néu K nhé rat nhiéu so voi 1 (K< 0,1) thi phan ¢ng khong hoan toan, K qua
nho thi phan ng tao ¢ va D hau nhu khong xay ra.

\i K & mot hang s6' do d6 néu thay d6i mot thira 3" [A] hodc [B] hodc [C] hoic
[D] thi s& kéo theo sw thay ddi mot hay nhiéu thlra s3'khac. Nhw vay, muéh quyét
dinh chiéu cla phan (*ng ta c6 thé thay ddi ndng do cla cac chat.

Khi biét hang s6'can bang hoa hoc K, ta cd thé tinh toan:

- Ndng do can bang cla cac ion chat dién ly yéu, néu biét ndng do ban dau cla
chang.

- Nbng dd can bang cla clia cac chdt tham gia phan (ng hoic san pham tao
thanh cla cac phan rng hod hoc.

- Nong dd can bang cac ion hydro, hydroxyd, do dién ly ctia chét dién ly trong
cac dung dich nwéc cla cac acid hodc bazd yéu, cac mudi thuy phan, dung dich
dém...
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- Nong dd can bang clha cac cation, anion va do tan cta chét dién ly it tan
trong nuoc.

5. CAC YEU TO ANH HUONG PEN can bANG HOA hoc

Theo nguyén ly Le Chatelier “Khi tac dong Ién mot hé thi ban than hé sé tu
diéu chinh dé han ché anh huwdng cla tac dong do6”. Cé rat nhiéu yéu td6 anh hudng
dén hang s6 can bang cta phan &ng.

5.1. Anh huwdng cia nhiét do

Xét phan tng thuan nghich sau day:
N2+ 3H2 2NH3 ' (2.12)
Phan (ng thuan tod nhiét, phdn &ng nghich thu nhiét. Do d6, néu ta tang
nhiét do cha hé thdng thi can bang sé dich chuyén theo hwéng lam giam nhiét do
tirc la chuyén vé phia phan ng nghich, va néu giam nhiét do cla hé thong thi
phan (*ng sé xay ra theo chiéu thuan.

5.2. Anh hudng cha 4p sudt

Suv tang hay giam ap sudt riéng phan cla chat khi cling tvong tu nhu su thay
ddi néng do. Xét phan (rng & thé khi:

H2+ Cl2 2HC1

S8'phan tir khi 6 hai vé bang nhau do dé khi thay d6i vé ap suét sé& khong lam
thay d6i trang thai can bang. Nhung doi véi phan ¢ng tdng hOp NH3 (phuong trinh
2.12) 06 trén thi hon hOp sé& giam thé tich, do do khi tdng &p sudt thi hé théng can
bang sé dich chuyén theo chiéu thuan.

Vi néng db clia cac cac chat khi tuy thudc ap sudt riéng phan cla chidng va
khong phu thudc vao téng ap sudt cla hé thong, do dé khi thém hay bd mot lwong
khi tro s& khong lam thay d6i can bang phan ng cla chat khi do.

5.3. Anh hudng cta dung moi

Hau hét phan ng co sy tham gia cla chat phdn (ng va san pham & dang
phan tan trong dung moi. Néu lvong dung modi thay déi thi ndong do cla tat ca cac
chdt phan rng va san pham sé thay doi.

Thi du: phan ng tao phirc Bac-amoniac trong nuwoc:
AgN + 2NH.3 Ag(NH.3)i
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Hang s& can bang cta phan ¢ng nay la
_ [Ag(NH3)TI (2.13)
(Ag"TINH3]2
Néu mot phan clia phan (rng nay duOt pha lodng véi dong thé tich nwéc, ndong
dd cua cac chat trong phuwong trinh (2.13) déu gidam mot nra. Do d6 hé sb phan (*ng
sé la
Q_  (05)[AgNH3)
(0.9)[Ag"I(U,9)[NH3f
Hodc cd thé viét la
05  [Ag(NH;3)Y

Q=Uosyr AgrNH.F1~ 472

Vi Q 16n hon P2, can bang phai dwoc tai 1ap bang cach dich chuyén sang trai va
lam giam ndng do ctia Ag(NTi3)2. Hon nita, vi tri cAn bang moi s& hwéng vé phia
c6 s0' chét tan nhiéu nhdt. Néu dung dich Ag(NH3>2 duoc cd dam dac, bang céch
lam bay hoi thi can bang duOc tai 1ap theo huéng nguoc lai. K&t luan téng quat
nay co thé ap dung v6i bat ky phan ng nao, bt ké & pha ran, 16ng hay khi. Viéc
gia tadng thé tich luén Iam phan ¢ng dién ra wu tién theo hwéng cé sd' phan ti
nhiéu nhét va sy giam thé tich thi thGc day phan (ng theo hudng co it phan t&
nhét. Néu s6'phan tlr & ca hai vé phuong trinh 1a nhv nhau can bang cta phan rng
khong bi anh hwdng bai sy thay dai thé tich.

5.4. Anh hwdng ctia ndng dd cac chat tham gia phan (¢ng va san pham
tao thanh

- Hé thdTng can bdng ctia phan rng bi pha v truc tiép

V6i phan ng phan ly clia acid acetic, (phuvong trinh 2.11)

& mot nhiét do hang dinh, cac dung dich khac nhau cla acid acetic sé co cac
gia tri khac nhau cho néng do acetat, va acid acetic, nhwng ludn cé cung gia
tri K,. Tai thoi diém can bang néu thém vao dung dich natri acetat, ndng do acetat
tang 1én, c6 kha ndng lam tadng gia tri cta Kg. Tuy nhién, vi gié tri Ka gilt nguyén
khong do6i, do d6 ndng do cla ca ba phan tl trong phurong trinh (2.11) phai thay
d6i dé phuc hdi K3vé gia tri nguyén thuy cta né. Trong tredng hOp nay, can bang
duOc tai 14p bang phan ¢ng mot phan cla acetat va H;30" dé tao thém acid acetic.
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Nhu vay, hé théng can bang cla phan ¢ng sé bi pha v& khi thay déi néng do
clia chat tham gia phan ng hay san pham tao thanh.
- Hé thong cling c6 thé pha vé mot cach gian tiép
Thi du sy phan ly ctia AgCl
AgCIlit Agh+cr (2.14)
Anh huwéng trén dd tan cla AgCl bdng cach thém AgNO3thi ré rang, néu thém
vao mot chat cé thé tao phirc bén va tan dugc véi Ag”™ nhu amoniac thi sé xay ra
phan rng sau:
Ag™ + 2NH3ITAGCNHg Y2 (2-15)
Thém amoniac lam gidm ndéng dd Ag" du6i dang ion phirc AgiNHg)". Va su
giam nong dé Ag" lam tang do tan cda AgCl va phan (ng (2.15) tai lap diém can
bang. T cac phan ng (2.14) va (2.15) sé lam rd tac dong cla amoniac trén do tan
clia AgCl va amoniac cling la moét chat tham gia phan ng.
AgCl + ZNH3» Ag(NHaR+ cr 2.16
Thi du: Néu thém HNO3vao thi can bang cta phuong trinh (2.16) sé thay ddi
nhu thé nao?
Gidi:
HNO3la acid manh, acid nay sé phan &ng véi NH3
HNQO3 + nh;+ NO3
Khi thém it HNO3vao sé lam gidm NH3. Viéc gidm néng dd NH3sé lam phan
t’ng (2.16) xay ra theo chiéu tao ra chat phan ng, gidm dd tan AgCI.

6. BAl TAP VE CAN BANG HOA HOC

6.2. X ly cac hang s6 can bang

PE thuan tién cho viéc tinh toan cac hang s3'6an bang nguoi ta cd thé xir ly cac
hang s6 can bang theo cac cach sau day:

- Tl phan (ng dd cho néu ta dao nguoc phan (ng thi hang s6 can bang cla
phan ¢ng méi sé 1a nghich dao cla phan ¢ng dau. Thi du, hdng s6 can bang cho
phan tng
- [ABZ]

A+ 2B iT AB2;
(A)(BT

35



https://nhathuocnhngocanh.com/

La nghich ddo cta phan ng

A+ 2B:
' K, [ABJ

- Néu cong hai phan &ng voi nhau dé tao ra phan ¢ng mdi thi hang 8" can
bang clia phan (¢ng madi la tich s3'cta hdng sd'can bang cla cac phan (ng ban dau.

A+CirAC; Ki=
[AIIC]

[AC2]

A . K =KK [AC] [AC2] _ [AC2]
A+2CAN AC2; R fACIC] TAI[CS
6.2. Bai tap vé tinh ap suat can bang riéng phan
Hang s'can bang Kp doi voi phan ng sau PClsik) » PCI3(k) + Cl2(k)
1a 1,006 250 dd c. N&u &p suét rieng phan & trang thai can bang cla PCI5va
PCI3lan luot la 0, 875 atm va 0,463 atm thi ap suat riéng phan & trang thai can
bang cta Cl196 250 do ¢ 1a bao nhiéu?
Giai: trudc tién tinh Kp
P - PpClaPpCl; ~ (°>"S3)(Pcid
N Ppcu ’ (“-875)

Pc=MH~2=1,98atm
(0,463)

6.3. Bai tap vé chuyén déi Kc thanh Kp

Kq: hédng sd'can bang theo ndng do.

Kp:hédng s6 can bang theo ap sudt tirng phan cla khi.

b
Chu y: theo phwong trinh: aA (k) » bB (k) thi Kp = va Kp =
[Af [P1]

Theo phan rng N2 (k) + SHaik) * 2 NH3(K)
Gia tri cia Kp= 4,3.10"” & 375 dd c. Hay tinh K(.
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Giai Kc=--—- n
(0,0821Tp
vi =293 Kelvin va An = s0 mol sdn pham khi —s6 mol chat khi tham gia.

Nén ta co TR= 648 Kelvin va An=2-4=-2
4.3.10--* o,
(0,0821.648) ~

6.4. Baitap vé dyv doan chiéu cta phan rng

Mot phan ¢ng d& cho & lic bat dau c6 0,249 mol khi N2; 3,21.10 ~ mol khi H2
va 6,42.10 ~ mol NH3 trong mot binh chtra 3,5 lit 6 375 d6 c. Néu hang sd can
bang ks. dOi vai phan &ng N2 (k) +3 H,, (K} 2NH3 (k) c6 gia tri 12 1,2 & nhiét do
nav thi:

a) Hay giai thich 1a hé théng nay cd can bang hay khong?

b) Néu khong thi phan rng sé& cé khuynh hwéng di chuyén theo chiéu nao?

Céac budc tién hanh

Goi Qc (Quotient réactiormel) la dai lvgng thu dwoc khi st dung cac nong do
ban dau trong biéu thirc hang so can bang. DEé xac dinh chiéu phan (ng thi so sanh
Qc va K™ C6 3 trvong hOp xay ra:

- Qc > K™ Ty s0'gilra cac ndng do ban dau cla san pham va chat tham gia quéa
I6n. DE dat dwoc can bang, mot luong nao do cha san phdm phai chuyén thanh
chat tham gia. Phan (ng di chuyén theo chiéu trai.

- Qc > K™ Phan (rng dang 0 thoi diém can bang .

- Qc < K™ Ty sd' gilra cac ndng do ban dau cla san pham va chat tham gia quéa
nho. DEé dat dwoc can bang, mot lvong nao dé cla chdt tham gia phai chuyén
thanh san pham. Phan (ng di chuyén theo chiéu phai.

Néu truong hOp hdng s6 st dung 1a Kp thi tinh Qp.

Giai

N2 (k) + 3H2(k) » 2NHg(k)

[Ndo 0,0711 M

3,00L

3,00L
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NH3],,= = 1.83 X10-“M
( ] 0,00L

AL A= 3 =0,611 = Qc
[*2]o[H2]o  (0,0711)(9,17x10“")

- Qc < Kc Hé khong can bang va phan tng di chuyén theo chiéu phai.
6.5. Bai tap vé tinh hang sd can bang

Mot hé gbm mot cap dong phan hinh hoc trong mot dung méi hiru co ma hang
sd can bang Kc = 24,0 & 200 do ¢

Cis —stilben » Trans - stilben

Gia du rang lic dau chi co Cis - stilben c6 mat va nong do 1a 0,850 mol/1. Hay
tinh ndng do clia 2 ddng phan nay & thoi diém can bang.

Cac buwoc tién hanh:

Budc 1: Dién ta ndng dod can bang cla tit ca cac chat theo ndng do ban dau va
chi bang mot 4n so.

Bugc 2: Dién ta hang s6' can bang theo ndng dd can bang. Gia tri cta hang sb
can bang biét dwQc sé dung dé giai phuvong trinh theo X

Buwdc 3: Sau khi xac dinh gia tri X tinh ndng dd can bang cla tat ca cac chat

Cis —stilben A Trans —stilben

No6ng do ban dau (M) 0,850 0
Thay doi vé ndong do (M) -X +X
No6ng dd can bang 0,850 -X X

Thay doi (+) chirng t06 sv tang Ién va thay déi (-) chitng td sy gidm nodng do.
Tiép dén la viét biéu thirc hang s6 can bang theo ndng dod can bang:

Trans - stilben

Cis - stilben
240 =

0,850-X
x=0,816 M

Déap so0: a) [Cis - stilben] = 0,034M; b) [Trans - stilben] = 0,816M
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6.6. Bai tap vé tinh do tan ciia mdt chat trong nwéc
Khi mét hOp chat khong tan nhw Pb(103)2 dugc cho vao dung dich,m6t phan
chét ran sé tan ra. Can bang dat dugc khi ndng do va 103 da dé théa méan do
tan san pham d6i v6i PbilOs).?. & diém can bang, dung dich bi bdo hoa boi
Pb(10 ;*2- Lam thé nao dé xac dinh dwoc ndng do cla va 103va dd tan cua
Pb(103)2 trong dung dich bdo hoa khi cho Pb(103)2 vao nwéc cat.
DE tién hanh giai bai toan nay ta viét phan (ng cin bang:
Pb(103)2i*Pbh2-" + 2103 (2.17)
Va hang s6 can bang cta no
K,p =[Pb-"][103]- =2,5x10-'3 (2.18)

Khi can bang duoc thiét 1ap, hai ion 103 duwoc tao ra twong rng voi moi ion
Néu ching ta gid dinh néng dé mol cta 6 diém can bang la Xthi ndng do

cla 103 la 2x.

Pblo - Pb2" + 2103
Nong do ban dau Chét ran 0 0
Thay d6i vé nong dd0  Chat ran +X +2X
Nong do can bang Chét ran 0+X=X 0+2x =2X

Thé nbng dd can bang vao phuong trinh (2.18)
(X)(2x)* =2,0x10“™M
4xN =2,5x104™
X =3,97x10"N
Do d6 néng do can bang cla va 103 14
[Pb27] =x = 4,0x10'* M
[14]=2x = 7,9x10“" M

Vi mot mol Pb(l0 3)2 chita mdt mol do tan cta Pb(10,3)2 bang ndng dd cla
PV, theo a6 do tan cua Pb(10;1)2 1a 4,0 X10° M.
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6.7. Bai tap tinh do tan ciia mot chat trong dung dich c6 ion cung tén
Truong hOp trén la tinh toan do6 tan cta Pb(los)2 trwc tiép trong nuwéc cat va
chét ran 1a ngudn duy nhéat cung cép va 103 cho dung dich. B6 tan cla
PbClQOs)., sé bi anh hudng nhuw thé nao néu ching ta thém né vao dung dich
Pb(N03)2 . ,. M?
Thiét 1ap bang theo d6i ndng do ctia Pb™ va 103 trong hé thong.

Pbl2 N + 2103
Nong do ban dau Chétran 0,10 0
Thay d6i vé nbng do  Chétran +X +2X
NOng do can bang Chatran 0,10+ X 0+2Xx =2X

Thé nbng dd can bang vao biéu thirc do tan san phdm cta phudng trinh (2.18)
(0,10+ x)(2x)2=2,5X10" ™M (2.19)
hay 4x"+0,40xN =2,5x10" M
Chung ta sé van dung hiéu biét vé hoa hoc dé don gian hoa phwong trinh. T
nguyén ly Le Chatelier, doan rang ndng do I6n ban dau sé lam gidm do tan
ctia Pb(103)2- Trong treong hOp nay co thé suy doan ndng do can bang cua €
rat gan voi nong doé ban dau cua né; theo doé su woéc tinh sau day vé nong dod can
bang cta Po™ 14 hOp ly
[Pb~] = 0,10 + x« 0,10 M
thé vao phuong trinh (2.19)
(0,10)(2x)2 =2,5X10""" A 0,4xM =2,5x10“M
va gidi thu duvOc Xla
X =7,91x10"A

Trwée khi chdp nhan nghiém nay, hay kiém tra dé xem su woc lvong co6 hOp ly
khéng. Trong truong hOp nay woc lvgng 0,1 + X= 0,1 dwong nhu hOp ly vi su khac
nhau gitta hai gia tri c6 thé bé qua. Do do6 ndng dod can bang cla va 103 la

[Pb"+] =0,10 +x 0,10 M

r] =2x=1,6x10"°
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Do tan cta Pb(I0-)> bang su b6 sung cua trong dung dich hay 7,9 X10 ~mol/1.
Bbang nhw suy doan, db tan cta Pb(l03)>bi gidm trong dung dich c6 chira mot
trong nhi*rng ion clia n6. Diéu nay dugc goi la hiéu ¢ng ion chung.

7. KET LUAN

Chuong nay da trinh bav cac loai phan ¢ng, khai niém vé sw can bang hoa hoc,
hang s6 can bang, hoat do, ndong do dé md rong hiéu biét vé can bang hoa hoc. T
chuong nay hoc vién sé cd thé hiéu mét cach téng quat can bang hod hoc cla céac
phuédng phap st dung trong hoa hoc phan tich dé van dung trong tinh toan.

TU KHOA
Phan (rng hoa hoc No6ng do
Cén bang hoéa hoc Hé s8' hoat dd
Hang s6 can bang Hang so'phan ly
Hoat do Hang s3'bén

CAU HOI LUONG GIA

Néu dinh nghfa phan *ng ho& hoc va trinh bay céac loai phan (*ng hoé hoc?

2. Thé nao l1a can bang hoa hoc? Can bang vat ly? Néu thi du cu thé va
giai thich.

3. Tai sao nguoi ta cho rang can bang hoa hoc la can bang dong?

4. NOng do la gi? Hoat do la gi? Trong trvong hOp nao 2 dai lwgng nay
giébng nhau?

5. Néuy nghTia cla hé s6"hoat dd.

6. Trinh bay cac cong thirc tinh hang s6 can bang theo hoat dd, theo nong do.

7. Néu céc yéu t6 anh hudng dén hé théng can bang hoa hoc.

CAU HOI TRAC NGHIEM
1. Phan &ng thuan nghich:
a. ¢O thé xay ra & thé khi hoac long d. chi a va c ding

b. c6 thé xay ra & thé ran hoac long e. ca ba cau déu dang

c. @ nhiét do, ap sudt nhat dinh thi thanh phan hon hOp & trang thai can bang
la khéng doi
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2. Céch thong thudng biéu dién ndng lwong tv do ctia phan ¢ng bdng ham "
a. nang lvong ty do Gibb c. bién thién entropy

b. bién thién enthalpy d. T student

3. Céc yéu t6"anh hwdng dén hang s3'can bang cta phan ng la:

a. ndng do cac chat tham gia phan ng.

b. nhiét dg, ap suat.

c. dung moi.

d. ndng dd cla sadn pham tao thanh.

e. tdt ca déu dung

4. P& xtr ly cac hang sd can bang ta co thé lam theo céc céch:

a. dao nguoc phan ¢ng thi hang s6 can bang cda phan ¥ng mdi sé 1a nghich
dao cla phan rng dau.

b. cong hai phan ¢ng véi nhau dé tao ra phan (ng moi thi hang sd can bang
ctia phan (rng mai la tich so chia hang s’ can bang clia cac phan rng ban dau.

c. Nhan hai phan &ng v&i nhau thi hdang s6"cin bang moi sé la téng cla cac
hang s6'can bang ban dau.

davab

5. Can bang hoa hoc la trang théi......... ma trong d6 chat tham gia phan rng
va san pham chuyén doi lién tuc cho nhau. Toic d0 mat di va xudt hién cla ching
bang nhau.

a. dong c. tTnh e. long

b. dirng yén d. khi
BAI TAP

Né&u hang s6 can bang Kc ddi véi phan ¢ng 2NO(k) + Claik) »* 2NOCI(K) cb gia
tri la 6,5 X10 @& 35°c. Gia st nguoi ta tron 2,0 X 10“*mol cta NO; 8,3 X 10“~mol
cta Cl2va 6,8 mol NOCI trong mdt binh cau 2 lit thi phan ¢ng dat dén can bang di
chuyén theo chiéu nao?
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Chuong 3
str DUNG THONG KE
TRONG PHAN TICH s6 LIEU

NOI DUNG
1. MO PAU

Khi tién hanh phép phan tich véi mot mau bat ky, qua do bao gio ching ta
cling co6 duoc cac két qud (s6"liéu) tir thwe nghiém. Cau héi duoc dat ra la: so' liéu
thu duoc cd gan vai gia tri thuc co6 ciia mau khong? Qua trinh phan tich c6 méc
phai sai s6 khéng? Gia tri thuc ndm & khodng nao cuia cac ' liéu thwc nghiém?
V.V...

Sai $3'trong phan tich la khong thé tranh khdi, tuy nhién trong qua trinh
phan tich can khéng ché sai s0 & mkc thap nhét co thé, c6 nghia la két qua thu
dwQc khi tién hanh mot phép phan tich ludn ludn mac phai sai . Gia tri thuc cla
mau do 1a dai lvgng khong thé xac dinh, nhung néu xac dinh dwoc cac sai sd trong
qué trinh phan tich thi co thé woc lwveng gia tri thuc ndam trong khodng nao cda gia
tri thwe nghiém. Vi vay viéc xr li két qua sau qua trinh phan tich la ludén ludn can
thuwc hién, qua do6 danh gia két qua thu duoc ding va chinh xac dén mdc do nao.
Thong thwong can tién hanh phan tich nhiéu lan va ap dung toan thdng ké dé
danh gia do tin cay cula s6 liéu véi mkrc dd xac suat dwgc an dinh trudc.
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2. MOT SO PAI LUONG DAC TRUNG TRONG TH8NG KE

2.1. Gia tri trung binh (Xtb)

X, =i=1- (3.1)

Trong d6: n: la tong s6'1an do; i; gia tri dodwocthtri(i=1,2,3, ,n)
Thidu 1: ham lwgng clia dung dich KMnos duQc xac dinh sau 7 lan chuan do:
3,080; 3,094; 3,107; 3,056; 3,112; 3,174; 3,198 (¢/1)

X th=AAfA =3.117 (s/)

2.2. Phuong sai s* (VARIANCE)

Mai 1an do ching ta s& dwOc 1 gia tri X§ va gia tri nay c6 thé nhod hon hay I6n
hon so véi gia tri trung binh Xb- Hiéu cta hai gia tri nay cé thé la moét s6' am hay
duong va khi téng cac hiéu lai cd thé bang s3"'khong. N&u gia tri tuyét déi cda hiéu
cang I6n thi s6"binh phuong sé cang I6n va cang cho thdy léch cang nhiéu. Do vay
dai lvong phuong sai duoc dé cap

Cong thtrc: = e (32

2.3. D0 léch chuan (sd: Standard deviation)

D0 léch chuan la dai lvong cho biét mic do dao dong gilra cac gia tri X so voi
gia tri trung binh Xpb- Bay la dai lvong dac trung cho d6 phan tan cla so liéu (X)
va thé hién mic do cla sai s6'ngau nhién.

Cong thtrc tinh:

Z(x.-X,b)~
SD=\ - hoac SD =. ,
\I n-1 ' V n-1 (33)

SD: dd léch chuan; n: so'lan thwc nghiém; (n - 1) duoc goi la bac tw do.

2.4.D0 léch chudn tvong doi (RSD: relative Standard deviation)

D0 léch chuan twéng doi la ti so gitta do léch chudn so véi gia tri trung binh.
RSD thé hién gia tri léch r6 hon SD vi duvOc so sanh vai gia tri trung binh Xxjij.
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Cong thirc tinh:

D =

Xt
RSD c6 thé dwoc tinh bang ti 18 phan tram RSD% hay con goi 1a hé s bién
thién cv (Coefficient of Variation):

cv=— 100% (3.5
Ath

Nhuw vay, ta c6 thé tinh cv dua trén do léch chuan va nguQc lai.

Thidu: theo thidu 1, n=7, XI, =3,117

(3,080-3,117)" =(-0,037)2 =0,00137

(3,198-3,117)" =(+0,08If =0,00656
0,00137 +0,00053 +0,00010 +0,00372 +0,00003 +0,00325 + 0,00656 = 0,01556

SD = =0,051 RSD =" =0,016
7-1 3,117

RSD% =cv = X100%=1,6%
3,117

2.5 Gigi han tin cay va khoang tin cay

S6 lan do n cang 16n thi gia tri XY, cang gan voi gia tri thuc M, nhung trong
thuc té ta chi thwc hién n 1an do va trong théng ké thi xac suét bat gap thudng &n
dinh truedc 12 95%, nén gia tri x,b s& nam trong gidi han c6 thé chdp nhan duoc goi
la gid¢i han tin cay.

- Gi¢i han tin cay e (Confidence Limit). Hay noi cach khéc e 1a gi¢i han hai

bén cla c6 chira gia tri M 6 muc tin cay 95%.
] N , tS
e dugc tinh theo cbng thirc: e =+ - R (3.6)
vn

Trong dé t dwoc tra tr bang Student (3.1). Gia tri t phu thudc vao s6' bac tw do
k = n -1 va vao mirc xac sudt duoc an dinh p. $§'1an thuc nghiém cang nho xéac
sudt p cang I6n thi gia tri t cang cao.
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Bang 3.1. Bang gia tri ciia chuan student t

D6 tw do 90% 95% 98% 99%
0,10 0,05 0,02 0,01
1 6,31 12,71 31,82 63,66
2 2,92 4,30 6,96 9,92
3 2,35 3,18 4,54 5,84
4 2,13 2,78 3,75 4,60
5 2,02 2.57 3,36 4,03
6 1,94 2,45 3,14 371
7 1,89 2,36 3,00 3,50
8 1,86 2,31 2,90 3,36
9 1,83 2,26 2,82 3,25
10 1,81 2,23 2,76 3,17
12 1,78 2,18 2,68 3,05
14 1,76 2,14 2,62 2,98
16 1,75 2,12 2,58 2,92
18 1.73 2,10 2,55 2,88
20 1.72 2,09 2,53 2,85
30 1.70 2,04 2,46 2,75
50 1,68 2,01 2,40 2,68
X 1,64 1,96 2,33 2,58

Nhu vay gia tri ¥ con cach gia tri thwc M mot gi¢i han £ e hay con goi la
khoang tin cay (‘Confidence Intervals):

tSD (3.7)

vn Vn
Thidu: v6i thi du 1, gia tri e duoc tinh:

txSD — 2,45}(_0,05_0’047 ‘e =+ 0,047
vn V7

ung v6i p = 0,95 va n = 7 thi tj = 2,45 nén ham lvong KMnO” nam trong
khoang 3,117 + 0,047 (g/1) tirc gia tri thwc M nam trong gi6i han 3,070 3,164 (g/1).

46



https://nhathuocnhngocanh.com/

3. SAI SO TRONG PHAN TiCH

V@i rridt mau co gia tri thuc 1a M, vi cdc nguyén nhan khac nhau ta khong thé
xac dinh duang gia tri M d6 ma chi xac dinh dwogc gia tri trung binh gilra cac lan do
l4p lai. Thuat ngir sai sd awoc ding dé dién td mec do sai léch clia phép do, no thé
hién do léch gilra cac gia tri thwc nghiém X v&i nhau, voi gia tri trung binh va voi
gia tri thwc cia mau. Trong phan tich ta chi c¢d géng thuc hién sao cho sai s la
nho nhéat, cac gia tri thu dugc tir thwc nghiém ndm trong khoang chdp nhan chi
khong théioai trlir dvoc hoan toan sai so.

Khi trinh bay vé két qua bang s6 liéu, cac tai lieu co thé dé cap dén 2 loai la
sai sO tuyét déi va sai s6 twong doi.

3.1. Sai s6 tuyét doi E

V6i M 1a gia tri thwc cia mau thd can xac dinh, x, 1a gia tri do duoc tir thuc
nghiém:

Gia tri Xjj, thuwong khac voi gia tri thuc M cla mau do. Khi n”~ @

Sai s0*tuyét doi la hiéu gilta gia tri trung binh va gia tri thwc M. Théng
thwong khong thé xac dinh dwoc gia tri thuwc ma chi chdp nhan gia tri dang tin cay

nhéat trong day $5"liéu do la hay mot cach gan ding la hiéu cua gia tri do dugc
vax,,.
M: gia tri thwc cia mau do s: sai s3'tuyét doi
Coéng thirc tinh sai s'tuyét doi: e = - Mhay 8= x, - xij (3.8)

Sai s0"'tuyét d6i co thé la so'am ciing cd thé la s8'duong.
3.2. Sai s6 twong doi s

Sai s0 twong doi s la ti 0" gilra sai s8'tuyét ddi £va gia tri thwc M hoac gia tri
trung binh . Thong thuong sai s6 twong doi duoc biéu thi dudi dang phan tram.

Cong thirc tinh: S - MlOO% hoacs - -~100% s (3.9)

Thi du: ham lwgng thec cia Paracetamol trong vién nén la 500,2 mg; Codein
la 30 mg. Sau khi tién hanh xac dinh theo phwong phéap sic ky 16ng hiéu nang cao
cho thdy ham lwong Paracetamol 1a ©00,9 mg va Codein 1a 30,7 mg.

e Sai s6 tuyét d6i khi xac dinh hai hoat chéat trén la nhv nhau: + 0,7 mg.
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Sai s0'twong déi thi khac nhau:

V0Oi Paracetamol: s = 100% = 0,14% , v&i Codein s = =2,28%
500,2 30

Nhu vay sai so tvong doi thé hién ro6 hon do ding cla phwong phap, voi thi du
trén cho thdy phuong phap nay xac dinh ham lwvgng Paracetamol ddang hon ham
lvgng cua Codein phosphat.

Khi trinh bay vé nguyén nhan dan dén cac két qua thu duQc trong qué trinh
thwc nghiém bi léch nhau. Cac tai liéu thuong dé cap dén 3 loai sai sb: sai s6 ngau
nhién, sai s0"hé thong, sai sd'tho.

3.3. Sai s0*ngau nhién (random error)

Sai s6 ngau nhién hay con goi la sai s6 khéng xac dinh 1a sai sd gay nén
boi nhirtng nguyén nhan khéng xac dinh duOc, khdng biét trwéc, khéng cd dinh,
thay déi khong theo quy luat nén khong thé hiéu chinh hay loai trir ma chi cé thé
han ché bang cach tang s8"lan phan tich va thao tdc mot cach can than, dong thoi
danh gia cac s3'liéu thuc nghiém bang toan hoc thing ke.

3.4. Sai s6 hé thong (systematic error)

Sai s0 hé thdng hay con goi la sai s6'xac dinh la sai s0"biét rd nguyén nhan va
c6 thé hiéu chinh duoc. Sai s8'nay thwong do cac nguyén nhan sau:

- Sai s6 do mau do: gay ra khi mau phan tich khong dai dién. Viéc 14y mau
la tap hOp céac thao tac nham |4y mot lwvong mau dai dién dua dé tién hanh phan
tich, déng thoi viéc 1dy mau can tuan theo cac tha tuc quy dinh.

- Sai s6 do dung cu: du it hay nhiéu thi tat cd cac dung cu do ludng ludn co
sai sO hé thohg. Sai s6 nay la do qua trinh ché tao va chuén hoa dung cu v.v...

Thidu: - Cac dung cu do lvong théng thwong nhu pipet chinh xac, buret, binh
dinh mtc la cac dung cu dung dé lay thé tich chinh xac nhwng do trong qua trinh
ché tao hodc str dung khéng ding quy dinh c6 thé gay ra mot sai so; thé tich cla
mot buret 25 ml ¢6 sai s 1a £0,03 ml c6 nghTa la thé tich that sy cta buret 1a nam
trong khodng [24,97 - 25,03] ml; binh dinh mic c6 thé tich la 100Oml nhwng néu
thuc té chi ¢ 99,90 ml thi sai s6'la 99,90 - 100,00 =- 0,10 ml.

Sai s06 dung cu thuong dé phat hién va hiéu chinh dwQc bang cach dinh ky
chuan hoa cac dung cu trong phong thi nghiém.

- Sai s6'do phwong phéap do: phuong phap do lwong cling gay ra sai 8" hé
théng. Vi vay, khi ap dung mot phwong phap méi dé phan tich luén luén phai xay
dyng va thdm dinh quy trinh dé chirng minh mot cach khoa hoc réang sai 3" cla
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phuong phéap la rat thap va cé thé chdp nhan duoc. Sai sd do phwong phéap thuwong
kho phat hién va la nguyén nhan chinh gay ra sai $6"hé théng. Thong thuwong dé
phat hién sai sd phuvong phéap co6 thé tién hanh theo céc céach sau:

- Thuc hién song song mau tréng dé loai cac dap (ng gay ra do cac chat khong
can phan tich.

- Phéan tich mau chuédn dékiém tra do dung cta phuong phap.

- Phan tich cing mot mau nhung bang phuong phap du kién va thuc hién song
song voi it nhat mot phuong phap khac va so sanh hai két qua.

- Sai s6 do nguwoi lam cong tac phan tich: ngwoi lam cong tac phan tich doi
hoi phai c6 k§ nang nghé nghiép va kinh nghiém phan tich. Sai so do tirng ca nhan
la diéu khong tranh khoi, moi ca nhan cd mot kha ndng riéng vé quan sat sy thay
ddi mau cua dung dich; quan sat diém twong duong trong chuan do; doc vi tri muc
nwéc gitra hai vach; doc tin hiéu do dwgc tr may mdc; hodc do cau tha; do dinh
kién... déu dan dén sai s0.

Sai sd do ca nhan co thé khac phuc duoc khi thao tac dung theo quy dinh va
nhiéu kiém nghiém vién thwc hién trén cing mot mau tha.

XAC DINH SAI SO HE THONG
Béng cach xac dinh mau chudn da biét ham lvong, gia tri M coi nhu biét trudc,
Xjj, thu duoc tir thue nghiém. BE so sanh sy khac biét gilra gia tri M va (trong
treong hOp tham dinh phwong phap méi) thuong st dung thong ké tinh gia tri
roi so sanh voi tu theo bang (3.1) can c vao bac tv do (n - 1) va xac xuat p (95%).
NéEu , két luan khong tim thay sai s3'hé théng
Néut 7~ ,kétluan phwong phép co sai s6 hé thong

thp-M r-
SD Vn (3.10)

Thi du: gid st mau thir KMnO4trong thi du 1 c¢6 ham lwong that M l1a 3,110
mg. Hay xét xem phwong phap cé sai s6'hé thng khong?

ttn=

_3117-3110 1
ttn = goET v - O
= 0,3786 < tu = 2,45 nén két luan phuong phap khdéng co sai s6 hé thdng

(P = 95%).
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Thi du: tredc khi phan tich dé xac dinh ham lwong cia NagCOg cd trong mau
thir, mot sinh vién co y twdng ki€m tra lai quy trinh phan tich xem c6 sai s6 hé
thong hay khdng bang cach phan tich mot mau da biét ham lwong M = 98,76%.
Céac két qua thu duQc sau 5 lan thuc hién:

98,71(%) 98,59(%) 98,62(%) 98,44(%) 98,58(%)
QR _@Qm

X,.= 98,59 SD = 0,0973 — 5=3,91 ti,=2,78
0,0973

Nhu vay ty =278 <t = 3,91, két ludn phuwong phap cé sai s6 hé thong
(P=95%).

3.5. Sai s6 thd (gross error)

Ngoai ra con cd sai s6’thd 1 sai s6' khi k&t qua gitra cac 1an do 1ap lai khac hén
so voi c&c gia tri trung binh hay gia tri thuc cla mau. Sai $3'thé do nhiéu nguyén
nhan khac nhau: do doc két qua do sai, ldy nham qua can, v.v... D& phat hién va
loai trir sai s3"tho can phai tién hanh phan tich nhiéu Ian trén mét mau do (n > )
va loai di nhirng gia tri bat thwong theo nhitng quy tic nhat dinh.

Loai trir sai s6"thod

Thuc t€ sau khi tién hanh phan tich thwong thu duwgc mot day cac so liéu, doi
khi c6 mot vai 3" lidu co gia tri khac hén: hodc cao qua hoic thdp qua, nhitng &'
liéu nay duoc goi la sai s8'thé hay s3'liéu xau. Co hai cach dé gilp ching ta kiém
tra xem nén @il lai hay loai bd ching: dung chuan Dixon va dung bang kiém
dinh T.

3.5.1. Phvong phéap dung chuan Dixon (chuan Q)

St dung khi n < 10, gébm céac buéc nhu sau:

- Buéc 1: sdp x&p cac sb'lieu theo th& ty tdng dan hodc giam dan: Xj, X2, Xg,...,
X, trong d6 Xj la sé lieu nghi ngd 16n nhdt (max) hay nhdé nhdt (min), X2 la s6"liéu
lan can cda sb liéu nghi ngo.
- Budc 2: dung test Q dé tinh gia tri Qf,; Qn =— — (3.11)
Nrex - i
“mn
- Buwéc 3: so sanh gia tri voi Q. Qi, > thi xj duoc gilr lai
Qit < Qin thi Xj bi loai bo

Q], duQk tra tir bang (3.2) v6i sb 1an do n va xac sudt bat gap p thong thuong la
959%.
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Bang 3.2. Bang kiém dinh Q chudn DIXON

p
n
0,1 (90%) 0,05 (95%) 0,01 (99%)
3 0,941 0,970 0,994
4 0,765 0,829 0,926
5 0,642 0,710 0,821
6 0,560 0,625 0,740
7 0,507 0,568 0,680
8 0,468 0,526 0,634
9 0,437 0,498 0,598
10 0,412 0,466 0,568

Thidu: ta c6 ddy s6'liéu sau 17,61 16,86 16,93 16,84 16,95 16,91

Budc 1: sdp xép theo thir tv 16,84 16,86 16,91 16,93 16,95 17,61; ta thdy 5"
lieu nhé nhat la 16,84 (lan can la 16,86) va 8'liéu I6n nhat la 17,61 (lan can la
16,95) thuong l1a hai s6 liéu dang nghi ngo.

Budc 2: trih gia tri N17,61-16,95N N 84-16,86 M
17,61-16,84 17,61-16,84
Buéc 3: tra bang (3.2) véin=6;p = 0,95
Qh (= 0,625)< Q,, (= 0,86) nén gia tri 17,61 biloai bd

Qit (= 0,625) > Q,,, (=0,03) nén gia tri 16,84 dwoc gil lai
3.5.2. Phwvongphép dung hang kiém dinh T

St dilng voi n bat ky. Sai s6 thd thwong roi vao cac gia tri cuc dai hay cuc tiéu
cla day s6 liéu, ta tinh theo cbng thirc sau:

- OX”J“‘XS'S ) (3.12)
ey _(’\tb-S%(min) (3.13)

Can clr vao s0'lan do n va vao xac suéat an dinh truéc p, tra TJt theo bang (3.3).
Tt<  thiso'liéu nghi ngo la sai s6'thd bi loai bd
Tu > Ttn thi s&’liéu nghi ngo la sai s0’tho duoc git lai
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Bang 3.3. Gla tri t chia bang kiém dinh T v&i p = 95%

n T, n T,

3 1,412 11 2,343
4 1,689 12 2.387
5 1,869 13 2,426
6 1,996 14 2,462
7 2,093 15 2,493
8 2,172 16 2,523
9 2,237 17 2,551
10 2,294 18 2,623

Thidu: voi ddy sb liéu 16,84 16,86 16,91 16,93 16,95 17,61

\Voin=6; 17,02; SD =0,292; p = 0,95 ta cO T,t = 1,996
VGi gia tri 17,61: =2,02

0,292
V0i gié tri 16,84: =0,61

0,292

Tjt (= 1,996) < Tj,, (= 2,02) nén gia tri 17,61 bi loai bo.
Tjt (= 1,996) > Tj,, (= 0,61) nén gia tri 16,84 duoc gil lai.

4. TOM TAT CAC BUOC TIEN HANH KHI X LY sO LIEU
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Budc 1: sap xép day sb'liéu thu duoc theo thir ty ting hodc giam dan.
Budc 2: loai cac gia tri khdng phu hOp, loai sai s6'thd.
Budc 3: tinh gia tri Xjj,; do léch chuan SD, RSD%, xét sai s0'hé thdng.
Budc 4: xac dinh gidi han tin cdy e va khoang tin cay.
Buéc 5: bao cao két qua.
Thidu: theo s0 liéu cla thi du 1, cac buoc tién hanh nhw sau:
Budc 1: 3,056; 3,080; 3,094; 3,107; 3,112; 3,174; 3,198 (¢/1).
Budc 2: loai sai sOthé theo chuan Q hoac T: khdng loai bo gia tri nao.
Buoc 3: =3,117; SD = 0,05; RSD = 1,63%
Xtb-M
SD
Bubc 4: hng vOi p = 95% van=7 t,=245tinh e=+0,047.

- 0,3786 < tt = 2,45: khong c6 sai s6' hé thdng.
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Bugc 5: ham lvugng KMnO4 trong khoang 3,117 + 0,047 (g/1) véi do tin cay
p = 95%.

5. SO SANH CAC DAY sé LIEU

K&t qua thu duwOc tir do lwong thuc nghiém thudng mac phai cac sai 3" hoac
ngau nhién hodc hé théng. Gia tri trung binh X thwong chi sat gan voi gia tri thuc
M, gia tri nay lai nam trong khoang tin ciy nao dé voi xac suét bat gip mong
mudn.

Viéc so sanh gitra cac day so liéu dwoc thwc hién nho cac bang chuan dé xem
cac day so liéu nay la dong nhat hay khac nhau c6 y nghia gilp cho viéc so sanh
gitra cac phuong phap, gilra cac ngudi phan tich va gitra cac 16 san xuat.

Cac van deé thuong gap trong thuc nghiém Ia :

- C6 hai gia tri trung binh va X,Bthu duwoc tir 2 day do doc lap nhau, mét
didy c6 k€t qua, day kia co iib két qua. Hai gia tri trung binh sai khac khong
nhiéu. Phai két luan sai khac nay cé dang ké khong?

- C6 mot gia tri phan tich X cGia san pham da dwoc biét trwéc qua nhiéu lan
lam thwc nghiém. Nguwoi thuc hién phan tich Iap lai phuong phap va can so sanh
két qua do dwgc X, voi gia tri da biét truéc X xem khac nhau c6 y nghta hay khéng?

- C6 mot 16 thube duoc thuc hién dinh lwgng v6i 2 phwong phap khac nhau va
cho 2 day két qua khac nhau. Cac nha phéan tich can phai so sanh két qua do duOt
trén cung mau bang 2 phuong phap khac nhau xem cé khac nhau hay khong?

- Trong truong hOp so sanh hai day két qua;

S’ dung thr nghiém F (F-test) dé kiém tra d6 chinh xac hay do lap lai cta hai
day két qua xem cd dong nhat hay khong.

St dung thr nghiém t (t-test) dé so sanh hai gia tri trung binh xem sv khéc
nhau gilra hai gia tri nay c6y nghia hay khong.
5.1. So sanh hai phuwong sai

St dung chuan F dé so sanh do chinh xac (do 1ap lai) cla hai day thi nghiém A
va B voi n®, Hb la s6 lan thuc hién cta A va B. Phuong sai tuong (rng va Si.

Quy uoc >s| -

n Q (3.14)
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So sanh Ft,, vd? Fjtduoc tra tir bang (3.4). Fitphu thudc vao bac tw do clta hai thi
nghiém A, B va phu thudc vao mirc xac sudt cho trwgc thong thuong la p = 95%.

Bang 3.4. Gia tri F ctiia chuén F (P = 95%)

2

1 2 3 4 5 6 7 8 9 10 15 20

6478 T7R5 842 8P6 P8 Bl A2 Fo/ B33 HBB6 W49 981 1018
BE PO N7 NS5 NP PV PP PF NP 0940 043 NH 048
1744 1604 154 1510 148 UB Uk 4% 1447 4L 145 147 1392
22 1066 990 96 934 9197 9074 890 89%H 884 86/ 830 8%/
1000 844 7764 73 7146 698 683 6757 668l 6619 648 639 6015
8813 7260 650 6227 5988 580 56H 560 553 5461 529 5168 4809
8073 652 S80 S53 526 5119 49% 480 483 4761 458 4467 4142
7571 609 5416 5083 4817 462 450 4438 437 426 4101 (99 361
7200 5715 508 4718 4484 430 419 412 406 3%4 37/ 367 333
6937 5456 48% 448 426 402 3K 38 370 3717 352 1419 3080
6724 5256 460 426 404 38l 3/ 3664 358 356 330 326 2883
6544 506 4474 4121 331 378 3507 3512 34% 334 3177 308 275
adld 4% 4347 39% 377 3604 3483 338 332 320 3063 2948 25%
6208 457 422 382 3663 331 330 325 320 3147 290 284 2487
6200 4/ 4153 384 356 3415 328 319 312 300 2862 2756 7236
6115 4687 4077 370 352 331 3219 315 300 2% 278 281 236
6042 4619 401 366 3438 3277 315% 301 2986 292 27283 2616 2247
5978 450 3%4 368 332 321 310 30Bb 299 286 206/ 250 2187
592 4508 398 330 338 312 3L 2% 280 2817 2617 250 213
5871 4461 380 3515 320 318 3007 2913 2837 2774 25713 244 2086
sS4 360 316 276 2%/ 248 228 212 2114 2048 183 1748 100

CRBBRBEERRRPFPB 0o ~wo on h— N 1

Bactw dociaA: -1;bactw doctaB:ng- 1

Néu Ft > K, khdng co6 sw khac biét vé do lap lai clia A va B.

Néu Fjj < Fj,,. do lap lai cta hai thi nghiém A va B khac nhau. .

Thi du: két qua 7 1an phan tich ham lwong aspirin bang phuong phap A cé

= 0,00259. Theo 6 1an phan tich bang phuwong phap B la = 0,00138. Hay xét
xem dd chinh xac clia hai phudng phéap co6 giéng nhau khong?

0,00138

Do Ft= 6,978 > Ft, = 1,88: d6 chinh xac clta hai phwong phap la nhu nhau
(P = 95%).

5.2. So sanh hai s6 trung binh

Trong phan sai s6' hé thong ching ta da biét két qua phan tich bi &nh hudng
chinh bdi ba nguyén nhan chinh: do méu, do phwong phap, do kiém nghiém vién.
Thuc hién nhitng cap thi nghiém song song dé tim ra nguyén nhan gay sai s6
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trong dé chi mot yéu t6 thay doi. Thi du nhw cling thwe hién song song hai phuwong
phap khac nhau trén cing mot mau tht, cing mot kiém nghiém vién rdi so sanh
co hay khong co6 sv khac biét gitra hai gia tri trung binh cda hai phwong phap nay.
Tuwong tv nhu vay so sanh hai gia tri trung binh cda hai kiém nghiém vién hoac
cta hai mau do...

St dung phép thir t (t - test) dé thwc hién céng viéc nay nhu sau:

K&t qua phan tich bang phuong phap A co: ;SDM s |; (s6 lan thuc
hién cla A).

—

K&t qua phan tich bang phuvong phap B cd; i
hién cla B).

Budc 1: so sanh hai phuong sai va Sg (phép thir F; F —test)
Budc 2: ¢o hai trwong hdp

Truong hop 1: phwong sai va Sg khéng khac nhau,  duwoc tinh:

_ | XtbA-X,bB]| ) (3.15)
SchungVv ({*nl)+0O7"
N
\hung V( A ijr +n3 -2 (3.16)
duwoc tra tir badng (3.1) v&i do tw do (n” +ng -2), p = 95%.
Truong hOp 2: phvong sai s\ va s| khac nhau, duoc tinh:
tn = NbA ~tbB (3.17)

A~A ~a) +(Sb Ingj
duoc tra tir bang (3.1) vbi p = 95% va db tv do v duwgc tinh theo céng
thirc sau;

2
(SA™nn)  s| /ng]j
v - -2 (3.18)

*t 1Sg/hry j(~6 +1)

DO tv do ludn la sé nguyén nén gia tri v tinh dwgc tlr cong thirc (3.18) cd gia
tri gan s6 nguyén ké can nhat. Thi du: v= 5,4 thi d6 tv do la 5; v= 5,9 d0 tv do
la 6.

Buac 3: két luan co hay khéng cé sv khac nhau cua hai phwong phap do.

55



https://nhathuocnhngocanh.com/

Cho du duoc tinh theo céng thirc (3.15) hay (3.17):
tj tj|, két luan hai phuong phap cho két qua khong khac nhau.
NéEu > tu két luan hai phuong phap cho két qua khac nhau.
Thidu: ham luvong cta dung dich KMnO” dugc xac dinh bang hai phwong phap
Ava B, két qua:
A: 3,080; 3,094; 3,107; 3,056; 3,112; 3,174; 3,198 (¢/1)
B: 3,052; 3,141; 3,083; 3,083; 3,048 (¢/1)
So sanh hai phuong sai va Sg (chuan F) khong khac nhau.
Tinh SAu~theo cong thirc (3.16):

(7 - 1)(0,00259) + (5 - 1)(0,00138)

n =0,0459
chung V (7 +5_2)

3,117-3,081  _
0,0459V (1/7) +(1/5)

tjj dwoc tra tr bang (3.1), ddtw don = (7 +5- 2) = 10; (j*= 1,34 < =223
nén két luan hai phuvong phap A va B cho két qua khong khac nhau (P = 95%).

Thi du: ham lwgng clia NagCOg (%kl/kl) dugc hai kiém nghiém vién ¢ va D
chudn dd bang phuong phap acid-base cho 1an Ivot két qua nhu sau:

c D

86,82 81,01

87,04 86,15

86,93 81,73

97,01 83,19

86,20 80,27

87,00 83,94

xc = 86,83% XD=8271%
Sc =0,32 Sd=2,16
So sanh hai phwong sai cia c va D= =— = 45,6
0,32
Do F,, = 45,6 > Fn= 7,15 nén hai phuong sai ¢ va D khac nhau.
86 83~82 71
duoc tinh theo céng thirc (3.17): = - =4,62

"[_(0,32)2/6]+ [(2,16)2/6'
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Po tw doV:

12
(0,32)76+ (2,16)“/6
E ) -2 =5,3«5
[(0,32%/6Y /(6 +1)] + [(2,16"~ 1 6)~ /(6 +1)]

Do 4,62 > tjj = 2,57, nén két luan két qud phan tich cta ¢ va D khac
nhau (P= 95%).

6. CHUSO CcO NGHITA

S6 liéu thu duQc tir thwe nghiém cd thé la so”do truc tiép khi doc trén thang do
clia cac dung cu do lvong hodc s6 do gian tiép la so' do tinh duQc tr mot hodc vai 0"
do trwc ti€p thdng qua cdng thirc toan hac.

Cac 9*liéu nay phai duoc thé hién sao cho nguoi doc hiéu dwOc mirc do chinh
xac cta chiing, vi vay khi ghi két qua phai tuan theo quy tac vé chit s8"cd nghia.

6.1. Chir s6 c6 nghia (CSCN) trong s6 do truc tiép

Mot sb do truc tiép co6 thé co nhidu CSCN tin cay (chit s6 chdc chén) nhwng duy
nhét chi c6 mdt CSCN khong tin cay (chr sd nghi ngo) di*rng & sau cung ké tir trai
sang phai. CSCN phan anh mtc dd chinh xac ctia dung cu do luvong.

TTiidu:

- Trén thang do cua buret co thé tich la 25ml, vach chia d6 nhé nhat la 0,Iml.
Gia s thé tich tai diém twong dwong khi chuan d6 la V = 18,75 ml, nhu vay co 4
chit s6 co nghta 1a 1; 8; 7va 5. Trong do 1; 8; 7 1a cac chir s8"ghéc chan va chit $3'5
la chir s6 nghi ngo hay con goi la chi* s6 khdng tin cay. Chi* s8'5 con tuy thudc vao
kha nang woc lwvgng cla ngudi quan sat: ¢ thé doc la 2 hoac 4 hoac 7 v.v... 9.

- Khi can trén can phan tich c6 do nhay la £0,1 mg, két qua doc duoc la 1,2326 g,
nhw vay cd 5 chit s6 c6 nghta trong d6 chir $8'6 QU ciing 1a chir s3"'nghi ngo.

- S6 lvgng CSCN clia mot s6 do duoc tinh tir chir s6 dau tién khac “0” ké tir trai
sang phai. Moi chit s6' “0” sau CSCN dau tién bat ké & vi tri nao déu la CSCN. Hay
noi cach khac, chr s6 “0” dirng truéc chir s6 “khac 0” dau tién ctia mot s6 do khdng
phai la CSCN. Chir s6“0” dirng gilra hai chir sé “khac 0” hodc d*rng sau cung déu la
CSCN.

Thidu: V=18,75ml;cd 4 CSCN, “5” la CSCN khéng tin cay.

M =0,0020 g :cd 2 CSCN, “0” la CSCN khéng tin cay.
M = 5,06 g:cd3 CSCN, “6”la CSCN khong tin cay.
M = 0,15 (M/1): c6 2 CSCN, “5” 1a CSCN khong tin cay.
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Khi mudn chuyén ddi don vi do lwong dé thuan loi cho viéc tinh toan két qua
do cudl cung, s6'lwgng CSCN cla s3'do phai dwoc gilr nguyén.

Thi du: chuyén 0,28 g ra don vi mg. Ta thdy 0,28 g ¢c6 2 CSCN nén khong thé
chuyén thanh 280 mg (3 CSCN) ma phai 14 0,28.10" mg hoic bédng 2,8.10"mg.

6.2. Chir s6*c6 nghta trong sd do gian tiép

Nhwv dd dinh nghia, 8" do gian ti€ép la so6 do tinh duQc tir cac sb do truc tiép
thong qua mot hodc vai biéu thirc toan hoc nao do. Sai s clia sO do triyc tiép co anh
hudng dén két qua cla so' do gian ti€p nén sd*do gian tiép cling phai dwoc ghi chép
theo nguyén tac ctia CSCN.

- D06i vaiphép cong va trir: CSCN clia két qua cudi co cung sb chit s6 6 bén phai
clia dau thap phan c6 s6 CSCN it nhat.

Thidu: tinh phan t& lvgng cla phan tir BaO2voi Ba = 137,34; 0o = 15,9994

137,34 + 15,9994 + 15,9994 = 169,3388 duwgc lam tron => 169,34

- B6i v6i phép nhan va chia: sd' lwong CSCN cua két qua cubi cung bang s6
lugng CSCN culia s6'do c6 CSCN it nhat.

Thi du: - 1dy chinh xac 10,00 ml dung dich acid hydroclorid chua biét ndng do
dem chuén do bang dung dich chudn do natri hydroxid 0,09876 M. Thé tich NaOH
can dung la 9,58 ml. Tinh Mhci-

Mun = N 0,094612 duwoc lam tron = 0,0946 M
10,00

- D06i voi két qua phai tinh toan qua nhiéu budc: thi chi dwgc lam tron két qua
cudi cung ma khong lam tron cac buéc trung gian.

Thidu: - pha dung dich chuan HCI c¢6 néng d6 xap xi 0,AN dung dé chuan do
dung dich NH40H cén c6 cac buwdc nhu sau: pha dung dich chuan HCI ¢6 néng do
xdp xi 0,1 N, sau do dung dung dich goc Na2B407 0,1N dé xac dinh lai nong do
HCI. L&y chuih xac 10ml dung dich Na2B40'7 dem chudn d6 bang dung dich chuén
dd HCI trén vdi chi thi Helianthin dén khi mau chuyén tlr vang sang dd cam.
Thé tich HCI can dung la 9,75 ml, néng do chinh xac cta dung dich acid duQc tinh
nhu sau:

N hci =~~~ -~ =0,10256

9,75

Dung acid HCI nay dé dinh lvong dung dich NH40H chuwa biét ndng do: lay
chinh xac 10 ml NH.|OH va vai giot chi thi Tashri, nhd HCI dén khi mau chuyén tl
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xanh l& sang tim. Thé tich HCI can dung la 9,8 ml, nong do dung dich NH40H
duoc tinh nhuw sau:

=M~"L2i1 2 ™ x17,032 =1,711866 duwoc lam tron thanh 1,7 (g/1)

6.3. Cach lam tron sb do gian tiép
Céch lam tron sé phai tuan theo quy tic chit s6 cd nghfa. Cach thirc 1am tron
CSCN cuél cung cta phép tinh tuy thudc vao gia tri cta “chlr s6 nghi ngd” dirng
sau no.
- CSCN sau cung cla s6 do gian tiép dugc tang mot don vi néu ding sau né la
“chit s6 nghi ngd” I&n hon “5”; néu nhd hdn “5” thi van gilr nguyén.
Thidu: 71,56 lam tron thanh 71,6
71,54 lam tron thanh 71,5
- Khi “ch®* si"nghi ngd” nay bdng *5” thi CSCN sau cung cta so' do gian tiép
duwoc tang mot don vi néu nd 1a mot chir s6 “1é”; néu né 1a mot chir 8"“chan” (ké ca
s6 “oo thi van gilr nguyén.
Thidu: 71,55 lam tron thanh 71,6
71,05 lam tron thanh 71,0
71,25 lam tron thanh 71,2

TU KHOA

«  Siii s hé thdng, ngdu nhién  « Sai s twong ddi, sai s6 tuyét doi
e  Sai so'thd « D0 léch chuén, d6 léch chuan tvong déi

e Giatri trung binh e Gi6i han tin cay, khoang tin cay

CAU HOI LUONG GIA

1. Giai thich sw khac nhau gitta: sai s0' hé théng va sai $3'ngau nhién; sai 3"
tuyét doi va sai s6' twong doi.

2. Trinh bay cac khai niém va cong thirc tinh céc dai lvgng trong toan théng
ké: gia tri trung binh, do léch chuan, gi6i han tin cay va khoang tin cay v.v...

3. Néu cac budc xr li két qua phan tich; (’ng dung vao bai tap sau:

Sau 6 lan xac dinh ham lwong (mg) clia mo6t hoat chat trong ché pham thu
duvoc két qud nhu sau: 116,0 ; 97,9 ; 114,2 ; 100,6 ; 108,3 ; 104,5. Ham lwong thuc
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cla mau phan tich nam trong gi6i han nao? Gia st ham lwong thwc cia mau
M = 100,0; hdy tim xem phuong phap co sai s6'hé théng hay khdng?

CAU HOI TRAC NGHIEM

1. Khi tién hanh phan tich 1 mau bét ky thwdng mac phai cac loai sai s0"

a. Sai s0 hé thong d. cd a, b, c déu ding
b. Sai s6'ngau nhién e. Chib, c ding
c. Sai s0'tho

2. Sai s0"do phuong phap do dan dén:

a. Sai <Ttho d. Sai sb tuyét doi

b. Sai s6 ngau nhién e. Sai s0'tvong ddi

c. Sai s06'hé théng

3. Mot kiém nghiém vién doc nham thé tich tai diém twong duong khi dinh

lwvong, vay trong phan tinh toan két qua ngudi nay mac phai:
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a. Sai s0'tuong doi d. Sai s6'hé thdng
b. Sai s8'tuyét doi e. Khong cau nao ding
c. Sai s6 thd

4. Loai sai $8'nao c6 thé hiéu chinh va loai trir khi tién hanh phan tich mau?
a. Sai s6tho d. Sai so'tuyét doi

b. Sai s ngau nhién e. Sai s3'tvong déi

c. Sai s0 hé thong

5. Loai sai s0'nao thé hién do ding cla phwvong phap phan tich?

a. Sai s0tho d. Sai s6'hé th6hg

b. Sai s6 ngau nhién e. Cau b va d dang

c. Sai s tuyét déi

6. Loai sai s3'nao thé hién d6 chinh xéac cta phwong phap phan tich?
a. Sai s0tho d. Sai s6"hé théhg

b. Sai s6 ngau nhién e. Sai s0'twong doi

c. Sai so tuyét doi
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7. Loai trir sai s6thd bang céch:
a. Tra bang Student dé tim T(nva Tjt d. Cau a va c ding
b. Dung phwong phap chuan Dixon (test Q) e. Cau b va c dang
c. DuUng phuong phéap kiém dinh T (test T)
8. Chii s6 c6 nghta (CSCN) trong s6 do truc ti€p bao gom:
a. Nhiéu chii s tin cay va nhiéu chir s6 nghi d. Cau ava cdung
ngo
b. Chi c6 chit so tin cay e. Khéng cau nao dung
c. Nhiéu chir s6 tin cidy va duy nhat mot chi
s6 nghi ngo
9. Két qua dinh lvOng sau cung la M = 0,0020 g, s6 do nay bao gém ... ch{r s¢'
c6 nghfta:
a. 5 chir s8'co nghia d. 1chit s6'c6 nghta
b. 4 chir s6'c6 nghta e. Khdng cau nao dung

c. 2 chir s8"c6 nghta

10. K&t qua dinh lwgng sau cung la M = 0,0025 g, chit s6'5 la chit s0:
a. Chit s0"c6 nghTa tin cay c. Cau a va b déu dung
b. Chir s6 c6 nghTa khong tin cay d. Khéng cau nao dung
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Phan I

Chuong 4
NONG DO DUNG DICH

NOI DUNG
1. MO PAU

Dung dich la mot hé dong thé gébm hai hay nhiéu cau tlr (phan tir hay ion). M6t
dung dich bat ky déu gdom chét tan va dung méi. Thanh phan cla chét tan trong
dung dich dwoc biéu dién bang ndng do.

NOng do la moét dac tinh dinh lwgng co ban clia dung dich.
Ngudi ta biéu thi ndbng do cha dung dich bang lwvong chét tan duoc hoa tan
trong mot lvgng xac dinh dung dich hay dung méi.

2. CAC CACH BIEU THI NONG DO

2.1.Nong dd phan tram (néng do bach phan)
2.1.1. Nong dophan tram theo khoi lvgng: C%(kH kl)

Biéu thi bang s6 gam chét tan c6 trong 100 gam dung dich
Ky hiéu: c% (KI/KI)
Cong thire
c% (kl/kl)=—_ x100 = x 100 (4.1)
mi v.d

m: khdi lwgng cla chat tan (gam).
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mj: khoi lvgng ctia dung dich (gam).
V: thé tich dung dich (ml),
d: khéi lvOng riéng cla dling dich.

Thi du: Dung dich amoniac 25% (klI/kl) cé nghTa la trong 100g dung dich cé
chtra 25g amoniac

Tl cong thirc (4.1), suy ra luOng chat tan can thiét
Nooer. Xm, N ¢% Xv.d 2)
100 100
. Trwong hOp pha mét dung dich trong d6 hoa tan m gam chét tan vao b gam
dung méi thi néng d6 phan tram cla dung dich la:
c% (kukl) =— X100 4.3
m+b

Thidu 1: Tinh ndng d6 phan tram c% (klI/kl) cta dung dich natri carbonat néu
can 25 g Na2CO3 pha trong 250 ml nuwéc
Giai:
Trong bai toan nay,
m: khoi lugng chat tan =25 g
b: khoi lvgng dung mdi =v.d = 250 x 1 =250 (g)
m + b: khoi lvgng dung dich =25 g + 250 (Q)
No6ng dd phan tram cla natri cachonat:

c% (kl/kl) = -2--5-+—2-5-(-)-X100 =9,09%

Thi du 2: Alizarin dwoc dung lam thuéc thr. Khi pha nguoi ta hoa tan 0,25 g
trong 100 ml nw6c, nhuv vay nong dd phan tram c%(kl/kl) cla alizarin sé la:

9% (KIKI) = oo X100 =2,49%

Trong hoa phan tich, néng d6 phan tram duoc coi la gan ding, hoa chat duoc
can trén can ky thuat.

2.1.2. Nong do phan tram khdi lvong theo thé tich: C%(kH tt)

Biéu thi s6'gam chat tan trong 100 ml dung dich
Ky hiéu: c% (kl/tt)
Cong thtc
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C% (kl/tt) =yx10 O (4-4)
Khdi lvgng chéat tan duoc tinh

A coh XV
=M =100 &Y

Thi du 1: Khi pha mot dung dich glucose wu trwong, néu st dung 200 g

glucose pha thanh 1000 ml, néng d6 dung dich glucose tinh theo néng do phan
tram:

C% (kl/tt) =-~x 10 O
o 1000
c% (kl/tt) = 20

Thidu 2: D€ pha 1 lit dung dich tiém truyén NaCl 0,9%, lvong NaCl duoc tinh
theo cbng thirc:

_C%xV
100
0,9% X1000

~ 100
m = 9g NaCl

2.1.3. Nong dé phan tram theo thétich: c% (tt! tt)
Bi€u thi s8"mililit (ml) chat tan c6 trong 100 ml dung dich

Ky hiéu: c% (tt/tt)

Cong thirc c% (tt/tt) =~ X100 (4.6)
n

V: thé tich cua chat tan.
Vi: thé tich ctia dung dich.

Thi du: Nguoi ta ldy 960 ml ethanol tuyét déi pha thanh 1000 ml dung dich.
Nhu vay néng dd clta dung dich con la:

% (tt/tt) = X 100
1000
C% (tt/tt) = 96

3. NONG O PHAN TU (N6NG PO MOL) Cm

Biéu thi sd'mol cltia chat tan c6 trong 1 lit (1000 ml) dung dich
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Ky hiéu: Cu
Cong thirc

X 1000 4.7)

1000
m: khoi lvgng cla chat tan (gam)
M: khoi lvgng mol (khoéi lvong phan tr) cla chat tan.
V: thé tich cua dung dich can pha.
S*mol clia dung dich duwoc tinh:

sO mol =— 4.9
v (4.9)

Thidu 1: Tinh ndng dd mol cta dung dich H9SO4, biét rang dé pha moét dung
dich c6 thé tich 1a500 ml, lvgng H-.S04 dam dac can dung la 49 gam. Khd'i lvgng
mol cila H0SO4M =98 ()

Gidi

49
cM (HSO* = gg-2 5@Q x 1000 = 1

Thi du 2: Nudc bién tiéu chuén chita 2,7 g mudi NaCl trong mdi 100 ml dung
dich. Xéac dinh néng do mol ctia NaCl trong nuéc bién.

Giai:

Khoi lvgng NaCl: m = 2,7 (g)

Khéi lugng mol cta NaCl M = 085 g
Thé tich cla dung dich V = 100 ml

Cm NaCi =-,57.,,x1000 = 0,46
58,6 X 100

Mot dung dich chira mot phan t¢ gam chéat tan trong mot lit dung dich duoc
goi la dung dich phan t&. T dung dich phan t duoc ldy lam dén vi, ngudi ta so
sanh dung dich dam dac hon: 2M, 3M... hay dung dich lodng hdn: 0,1M (decimol),
0,01M (centimol), 0,001M (milimol)...

3.1. Nong dd duong lvong

Cach biéu thi ndong do6 duvong lvong do nha hoa hoc nguoi Blic Karl Friedrich
Mohr phat biéu muc dich dé don gian hoa cac phép tinh.

S-HOA PT TI
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Cach biéu thi nong do nay dua trén khai niém khoi lwvong dwong lvong
(dwong lvgng gam) clia mot chat.

3.1.1. buwong lvgng gam

Ky hiéu E gam

Pbuong lvgng gam clia mot chat dwoc tinh tuy thudc vao ban chat clia phan ng
hoa hoc.

3.1.1.1. Trwong hOp phan tng acid - base

Egam =P M 1~ |

. Doi voi mot acid: Buong lwvgng gam la phan t&¢ mol cta acid d6 chia cho s6
proton hoat tinh (HY)
Thidu 1: Buvong lwvgng gam cla acid hydrochloric trong phan tng trung hoa

la:
HCI + NaOH ~ NaCl + HgO
Jpjpi 36 5
E gam Mipipi = 36,5
ThA
Thidu 2: Buong lwvgng gam cla acid sulfuric dwoc tinh trong trudng hOp phan
trng vOi NaOH

H2504 + 2NaOH -> Na2504 + 2 HgO

98
Egam HYo88,= —ops— = 4

. Do6i voi mot base, duong lwgng gam la phan tir gam cla base chia cho sé
proton hoat tinh (H") can thiét dé trung hoa né.

Thidu: Buwéng lwvgng gam cda natri hydroxyd duwoc tinh khi phan ¢ng véi HCI

_0
gram NaOH-/OaOH ] @0 _

3.1.1.2. Trwong hOpphan &rng oxy hoa - khtr

Dai voi phadn (rng oxy hoa dwong lvong gam cla bat ky chat nao dua vao phan
tng cling 1a khoi lvgng mol cta chat dé chia cho s8"electron (n) cho hay nhan
trong qué trinh phan tng

E gam = Phan t¢ mol cla chéat
n
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Thidu 1: Trong phan rng oxy hoa gitra sat (I) va kali permanganat

MnOl| + 5Fe--"N+ gHN A +4 H20
M
= MnO,
MnO, +t0e  \n2+
MnO'4 5}
2+
e "Fe2+ = "Fe2+
Thidu 2: Phan (ng oxy hoa gilia vOi SnA
9 M
- N N N N~
CTZO' _+_6e_ 2Cr™+ E ) _ C 2607
Crso;
2+ - 2e 4+
S Sn2+ 2

3.1.1.3. Trwong hOp phan (*ng tia va phtrc chat

« Brong lvong gam clia mdt cation duogc tinh bang cach 1y khéi luonggam
cla cation chia cho dién tich cua cation

buong lvonggam = LoD et
g S6 dién tich cua cation

» Buong lugng gam cla mét anion la khéi lvong gam cua anion chiacho 6"
dwong lwvgng cla ion kim loai twong (rng dé tao tla hoac phic chat.
Thi du:
- Trwong hOp 1. Cation va anion c6 cung s8'dién tich
Ba™M+  S04""BaSo04l

IVIB<';12+ 137,33
2 2
96
E ] _
gam s 0-2 9 9

- Trwong hOp 2. Cation va anion c6 s0"dién tich khac nhau
3Agh+ P04~ AggPO,,

M
E + - = 108

Ag

M

FOf 08
FOf
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- Trwong hop 3. Truong hOp tao phtrc gilra cation va anion

Ag® + 2CN"~ Ag(CN)2'

Ag+ 1 1

3.1.2. S6dwong lwvgng gam

S6 dwdng luong gam cta chat A bang s6' gam chdt A chia cho dwong lwong gam
cla chat dé

e,(A) £~ (gam) (4.10)

3.1.3. Nong d6 duwong lugng
Noéng do dwong luong dugc biéu dién bang s6' dwong lvong gam cda chét tan o
trong 1 b't (1000 ml) dung dich.
Ky hiéu: Cv
Cong thtrc:
AN N os6 duwong luong gam cla chat tan 2

Cn = -7 " %1000 (4.12)
Cn = """ %1000 (4.13)
E~gam

Thi du: Xac dinh néng do dwong lwgng cla dung dich nitrat bac khi hoa tan
1,35 g AgNO3thanh 250 ml dung dich.

Biét khoi lugng mol AgNO3 = 108, duong luong gam AgNQO'3=108 (s6'dién tich
Ag" = 1).
No6ng do dwdng lvgng clia dung dich AgNO:i;
"N <A.N03,= I*"*xI0 OO
% (AgNO3)=
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Mot dung dich chira mét khdi lvong dwdng luvong cla chat tan dwoc goi la
dung dich c6 nong d6 nguyén chuan N. Bén canh nbng d6 nguyén chuén,
ngudi ta con st dung bdi s6 cia N nhuv dung dich 2N, 4N..., wéc s6 ctia N nhw dung
dich 0,1N, dung dich 0,01N...

PEé tinh toan lvgng chat tan A can thiét dé pha dung dich dwong lvong cho biét
truoc, nguoi ta suy lvOng m tir cong thire (4.13)

N m A
— N N
Cn Engam x V X1000
A XEAgam XV (4 14)
A 1000

3.1.4. Cong thirc tinh néng d6 dvong lvong

Céc tinh toan trong cach chuén do theo ndong dd duong lvgng gan gidng véi
cach t(ih toan trong chuan dd theo nong do6 phan tr. C6 mot sy khac biét la tai
diém twong duong tich cta céac thé tich (tinh bang ml) cia cac dung dich cac chét
phan (ng voi ndng do dwong lvong thi bang nhau

ml A. Na=ml B. Nb
Va.Na - Vb-Nb

Hay tai diém twdng duong cac thé tich dung dich thudc thr va cta cac chat can
xac dinh da phan &ng v6i nhau ty 1é nghich véi nong dé duong luong clia ching.

Va N b
Quy tac nay goi la quy tdc hOp thirc (stoéchiométrie —stoichiometry)

Thi du: Dung dich acid hydrochloric dwoc xac dinh ndng do bang cach dem
chuan do vai dung dich chuan natri hydroxyd. Néu sau khi phan (ng két thc,
25,00 ml dung dich HCI duwoc trung hoa can mot thé tich NaOH 0,0950 N la
32,20 ml. Tinh néng d6 dwong lwgng cta dung dich acid hydrochloric.

Gidi:
Ap dung phwong trinh trén, ta co:
NaVa= NbVb
\Gi V7 thé tich cla dung dich HCI cén chuan d6, Va = 25,00 ml.
Na: ndng do ctia HCI.

Vb: thé tich cla dung dich chuan NaOH, V= 32,20 ml.
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Nb: ndng dd cta NaOH Nb=0,0950 N
No6ng do clia dung dich acid hydrocloric:

AN 372070950 ~
25

4. MOT SO CACH BIEU THI NoNG O KHAC

4.1. Nong d6 gam
4.1.1. Néng dd g/l
Biéu thi bang s3'gam chét tan co trong 1 lit dung dich.
Ky hiéu: g1
Cong thuec:
Cg/l = ~ X 1000 (4.15)

m: khoi lvgng clia chat tan (gam).

V: thé tich dung dich d4 cho tinh bang ml.
Loai ndng dd nay thuong dung trong mot so"thudic thir acid hay base.
Thi du: Nwéc thach cao hay dung dich CaS04 bao hoa c¢6 néng do 2 g/1.
4.1.2. Do chuan
Biéu thi s6 gam hay miligam chat tan cé trong 1 mililit dung dich
Ky hiéu: T

Cong thtrc: T A x 1000 (4.16)

gl =v

Thidu: Acid nitric dam déc la acid ¢6 do chuan T = 1,40 g/ml.

Trong thuc té€, nguoi ta thwong dung nhitng dung dich chuan c6 néng do da
chon sao cho ¢ 1 ml dung dich chuan twong rng v6i mot lwgng chéat can dinh
lvong dé tinh toan duoc dé dang.

Thi du: D& xac dinh dd cirng cla nuwdc, ngudi ta dinh lvong nuéc bang dung
dich complexon Il chuan 0,01M véi chi thi Den Eriocrom T. Khi phan rng két
thuc, doc s3'thé tich ml dung dich complexon 11 st dung.
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Tinh két qua: 1 ml complexon Il &ng v6i 0,561 mg CaO, nhuv vay ¢ng v6i V ml
nguoi ta tinh dwoc ham lugng Ca'" c6 trong nuéc.

Nguoi ta con dung dd chuan trong chuyén déi tlr ndng do nay sang ndng dd
khéc.

Thidu: Tinh néng dd phan tram c%(Kkl/tt) ctia dung dich H2S0 ) 2M.

Tw dung dich H.)SO., 2M, ap dung codng thic tinh CM suy ra khdi lvong

__ 2x 98x 1000 N
1000

. 196
o6 chuan T =——= 0,196(g/ml)
. 1000

No6ng doé phan tram c% (kl/tt) cua H.,So4 = 0,196 X100 = 19,6%

4.2. Nong do ion gam

Biéu thi s0 ion gam chat tan cd trong 1 it dung dich.

Ky hiéu: ion gam/1.

Thidu: Dung dich FeS04 c6 chtta 6,6 ¢ nodng do ion gam cla la 0,1
ion ¢/L\-i 1ion gam = 56.

4.3. Nong do phan triéu (ppm: parts per million)

Bai véi nhirng dung dich c6 ndng dd rat lodng, nguoi ta thuong st dung nong
dd phan triéu (ppm).

NOng do phan triéu biéu thi s6 gam chat tan c6 trong 10® gam dung dich hay
hon hOp. Nguoi ta con biéu thi s6' microgam cla chét tan c6 trong 1 ml dung dich
hav s0' miligam chat tan c6 trong 1 lit dung dich.

Ky hiéu: ppm
Cong thtrc:
" _ khéi lvgng cla chat tan (mg)
~ thé tich cda dung dich (1)
A _khdi lvong cla chat tan (g) O (4.18)
thé tich cta dung dich (10®y) '
A khoi lvgng cla chét tan (mg) "6
ADDITl = - A (4.19)

thé’>t|'ch clia dung dich (10C g
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Vi khoi lvgng riéng cla nwéc la 1, khi mot dung dich c6 lwvgng chat tan qué it
so voi lvgng dung méi, nguoi ta quy wéc 1 ml dung dich = 1 g, vi & do, dung dich co
nong do 1ppm twong tng véi IlLig chat tan cé trong 1 mi dung dich hay 1,00 mg!1
lit dung dich

Thi du: TCVN 5501 - 1991 quy dinh gi¢i han néng dd nitrat c6 trong nuoc
udng la < 5ppm.

4.4, Nong d6 phan ty (ppb: parts per billion)

NOng d6 ppb hay nong do phan ty biéu thi s8'gam cla chat tan c6 trong 10®
gam cla dung dich hay hén hOp.

Ky hiéu: ppb
Cong thtrc:
Q _  khéi lvgng ctia chat tan (g) ~ 20)
thé tich cla dung dich (10®g)
Q M khdi lwgng cua chat tan (mg) 21)

thé tich cla dung dich (10®q)
Dung dich 1 ppb cta m6t chat twdng (ng v&i 1 mg chat dé trong 1 ml dung
dich hay 1 |agtrong 1 lit dung dich.
Trwong hOp biéu thi ndng dd cua chat khi, nguoi ta thwong dung don vi chat
khi trong mot thé tich hon la trong khoi luong.

Thidu: 8ppb monoxyd carbon trong khéng khi c6 nghta l1a 8 co co trong 1 lit
khong khi.

5. HE THUC LIEN LAC GIOUA CAC NONG PO

5.1. Nong d6 phan tram (C%) va nong dd mol (Cjvi)

Ci\Ir X M A
c% = 77 (4.22)
10 X d
A c% x10 x d : ,

Thi du 1: Tinh néng do phan trdm cda dung dich NH40H 14,8M, biét rang
khoi lvong riéng la 0,899 g/ml, khéi lwvgng mol phan tr la 17,03.

Giai

Ap dung cong thirc (4.22)
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c% = N =28,03
10 x 0,099
Thidu 2: Tinh néng d6 mol cla dung dich H9SO4 98% (d = 1,84 g/ml), phan t
gam = 98.
Giai
, 98 X10 x1B4 , 184
7 98
Nong do mol va nong dd dwvong lvgng
gy = n Cih (4.24)
Cm =~ (4.25)

n dwoc tinh tuy theo ban chat cta phan rng hoa hoc.

6. MOT SO BAI TOAN VE NoNG O

6.1. Pha thu6c thr c6 ndng dd lodng tlr dungdich dam dac
Thi du 1:can bao nhiéu ml acid hydrocloric dam dac 12,1N dé pha loéng
thanh 1 lit dung dich HCI c6 néng d6 0,1 N?
Giai
Ap dung cong thirc VaN.\ = VbNb
H&y ~pha lodng™ ~pha lodng

Lay 8,26 ml dung dich HCI 12,1 N pha trong nwéc dé c6 1 lit dung dich HCI
0,1 N

Vmlddxl2,l =1000x0,1
V,1 =12".8.26
n 12,1

Thidu 2: Dung dich amoniac dam dac cha 28 % (kI/kl) NH3, khéi luvong riéng
0,899. Tinh thé tich cla dung dich nay cén dung dé pha 500 ml dung dich c6 ndng
do 0,26M. Phan tr mol ctia NH31a 17,03.

Gidi

- Tinh khoi lvgng gam cla ~ 1 3 ¢ trong mot lit dung dich:

T céng thire (4.23) suy ra:

- Nong d6 mol cla dung dich:
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Cm ~ X 1000

= TEhll— xiooo
A T17.03 x 1000

“ 14,8M
- Tinh the tich cla dung dich 14,8 M dé pha lodng thanh 500 ml dung dich
nong do 0,25 M

Ap dung cong thirc

4amdA « [Aindzc ~ "pha lcérg < pha Iy
Trong d6 N,,a = 14,8 M. v,ia" dg, =?

~Apha loang ~ 500 m 1, Npj~glodng ~ 0,25 M
Nhuv vay:

T7 — 70,25 _Q~°

VA T — Y11-=-% 8,45 (m1)

Lay 8,45 ml dung dich amoniac 14,8 M pha v6i nuwéc thanh 500 ml dung dich

6.2. Tinh néong d6 mol cia mdt dung dich

Thi du: Tinh néng dd mol cla acid nitric (M = 63) trong mo6t dung dich, biét
rang khai lwong riéng 1a 1,42 va chira 70% (kI/kl) HNO3,

Giai

T& cong thirc (4.23) suy ra ndng dd mol cla acid nitric:

Cm(HN03)= C%xJQxd ,15 8

70x10x1,42

63
CjriHNOg) = 15,77M « 16M

TU KHOA
nong dé mol e nong dd duvong luong
nong do phan tram * duong lwgng gam
nong do nguyén chuan  quy tdc hOp thic
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CAU HOI LUONG GIA

1. Phan biét cac loai ndbng d6: nong d6 phan tram, néng dé6 mol, nong do
nguyén chuan va néng dd dwoHg lvong.

2. Tinh néng d6 mol cla cac dung dich sau:

AgNO;», 117,49/ BaCU , 2 H”o, 200mg/I

KSCN, 0.972g/100ml NaaSO,!, 720mg/72ml

3. Tinh dwong lwvgng gam cla cac ion theo cac phan (rng dwoi day;

a) 2NaOH + H2C004 Na2C.204 + 2H20

b) 2FeCli + SnCu 2FeCl2 + SnCli

c) AgNOa + 2NaCN Ag(CN)2~  + 2Na™ + NO3

4. Tinh nbng do dwong lvon”™ cla dung dich Na2Co ,ikhi st dung mot thé tich
HCI1 0,1 N Ia 30,60ml dé trung hoa 150 mg mau thir.
5. Nguoi ta dung néng do ppm trong trudong hOp nao?

CAU HOI TRAC NGHIEM
1. Nong do phan tram c°6 (kl/kl) dwoc biéu thi;

a. s6 gam chat tan / 100 ml dung dich d. s6 mg chat tan / 100 g
dung dich

b. s6 mg chéat tan / 100 ml dung dich e. sO gam chat tan / 1000 g
dung dich

c. s6 gam chat tan / 100 g dung dich
2. Nong do phan tram c% (twkl) duoc biéu thi

a.s6 mg chéat tan / 100 g dung dich d. S0 ml ch&t tan / 1000 g
dung dich

b. s6 ml chat tan / 100 ml dung dich e. s6 ml chat tan / 100 g dung
dich

c. s0 lit chat tan /100 g dung dich
3. Nong do phan tram c% (tt/tt) duoc biéu thi

a. s6 ml chat tan / 100 ml dung dich d. s6 ml chat tan / 100 g dung
dich

b. s9"ml chat tan / 1000 ml dung dich e. sO' ml chat tan/ 10 g dung
dich

c. $9'mg chéat tan / 100 ml dung dich
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76

. Nong do gam/ lit dwoc biéu thi
. s9*gam chat tan /1000 ml dung dich d. 88" ml chat tan / 1000 ml
dung dich
. 9 mg chét tan / 1000 ml dung dich e. 9"'ml chéat tan 100 lit dung
dich
s6 ml chat tan / 100 ml dung dich
. S0 gam kali dicromat can thiét dé pha 250 ml dung dich kali dicromat 2M la
138¢g c. 147¢g e. 159 ¢
142 g d. 151 ¢
. Tinh nébng ddmol cta mot dung dich ethanol(C.H:OH = 46). Biét rang
85,0 ml dung dich c6 chra 1,7 g ethanol.
0,45 M c. 0,67 M e. 1,0M
055 M d. 0,85 M
. Cho biét nong d6 duong lwvgng ctia dung dich H2S04 98% c6 d = 1,84 g/ml
36,8 N c. 285N e. 42 N
35,3 N d. 45N
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Chuong 5
PHUONQ phap phan tich khai LOONG

NOI DUNG

1. LICH SU

Theodore w. Richards (1868 - 1928), cung Vvoi cac sinh vién Truong Dai hoc
Harvard da phat trién va cai tién nhiéu ky thuat phan tich khéi lwgng, xac dinh
dwgc khdi lvong nguyén tir cta 25 nguyén 8" Vi I1é d6 nam 1914 6ng la nguoi My
dau tién nhan giai Nobel vé hoa hoc.

2. NGUYEN TAC

Co s6 clia phuong phap phéin tich khéi lugng 1a dinh luat thanh phan khéng
déi va dinh luat dwdng luvong.

Trong dinh luat thanh phan khong doi, ty sd"'khoi lwOng cac nguyén t§"co trong
thanh phan mot chat luén ludn nhu nhau. Con voi dinh luat duong lvong, khoi
lvong cac nguyén t6' tham gia phan ¢ng luén ludon khéng doi va ty so' gitra ching
khong thay doi.

Phuong phap phan tich khoi lwvgng dwa trén viéc do lwvong khoi lvOng duoc thuc
hién nh& can phan tich, moét dung cu cung cap cac két qua rat dang va chinh xac.

Trong phuvong phap nay, chat can xac dinh duQc tach ra duw6i dang nguyén
chat hay dwéi dang hOp chat c¢6 thanh phan xac dinh. Ttr hOp chat thu duoc nay,
sau khi can trén can phan tich, ngudi ta tinh duOc khoi lvOng clia cau tlr can xac
dinh va ham lvgng phan tram cuda no.
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Thi du: Bé xac dinh ham lwong bac trong bac nitrat, nguoi ta ldy chinh xac
khoang 0,2549 g AgNo03, hoa tan trong nwéc va két tha ion bac bing acid
hydrocloric

AgNO3 +HC1 ~AgCl + HNOa

Sau khi xr ly thich hdp két tha thu duwoc, va can trén can phan tich, khoi
lvgng tha AgCl thu duogc la 0, 2148 g. Tim khoi lugng bac trong két tda.

Giai:

Dwa vao phuong trinh hoa hoc trén ta c6: cimétphan t¢r AgCl (M =143,35 @)
thi lvgng bac twong trng la 107,90 g. Nhv vay khi thu duwQc 0,2148 g sé suy ra ham
luong cla bac

143,35gAgCIl ~ 107,90gAg
0,2148gAqgCl X?

NN0Q,2148x107,90
143, 35
K&t qua: véi lvong mau l1a 0,2148 g bac clorid, suy ra lugng bac 1a 0,1617g.
Ham lugng bac trong bac nitrat duQc tinh nhu sau:
0,2549 g AgN03 chwa 0,1617 gAg

y =0 terh X109 - 63 44 gtirc 63,44%
0,2549
3. PHAN LOAI

Phuong phap phan tich khéi lvong bao gom phuwong phap tach, phuong phap
cat va phuvong phap két tua.

3.1. Phuvong phap tach

Trong phrong phap nay, chat can xac dinh duoc tach ra tir chat phan tich dudi
dang tv do va dugc can trén can phan tich.

3.1.1. Phwong phéap xac dinh trong lvong tro
Mau rén dwoc d6t chay va nung dén trong luong khéng déi. Tro thu dwoc dem

can. Dva vao trong lwgng cla tro nguwoi ta tinh ham lwgng phan tram cua n6 trong
mau da cho.

Thi du: D€ xac dinh ham lwgng tro sulfat cla terpin hydrat, nguoi ta can 1 g
ché pham (can chinh xac) dem nung voi acid sulfuric. Tro thu dwOc dem can trén
can phan tich. Duoc dién Viét Nam 11 quy dinh, lvong tro sulfat khdng duoc qua 0,1%.
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3.1.2. Phwongphap tach

Dung dé tach don chét ra khoi hon hOp. Thi du dinh lvgng vang va doéng trong
hdp kim. Trwéc hét ngwodi ta hoa tan mot lvong can xac dinh clia hOp kim trong
nudc cuong thuy (hon hOp acid nitric va acid sulfuric), sau do thém dung dich
hydro peroxyd muc dich dé kh(* ion vang dén vang nguyén t6. Loc vang da duoc
tach ra, rra dé loai tap chat, sdy va nung, dé ngudi, dem can. Dwa vao khoi lvong
vang da dudc tach ra, ngwoi ta suy ra ham lugng vang co trong mau.

3.1.3. Phwongphéap dién trong lvgng (Electrogravimetry)

Chét can xac dinh duoc dong dién tach ra va bam trén mot dién cwc bang
platin (catod). Dva vao khéi lwgng tang Ién cla catod, nguoi ta suy ra ham luvong.

Thi du: Khi cho dong dién mot chiéu di qua mot dung dich ¢6 chta ion dong,
trong nhitng diéu kién xac dinh thi dong sé tach ra, bam Ién catod. Can catod

treoc va sau thi nghiém sé suy ra ham luvgng dong trong hén hOp.
0

3™, Phuctag phap lam bay hcii (phw<yng phap cét)

Nguoi ta tdch mot cach dinh lwgng chat can phan tich dudi dang mot hOp chat
bay hoi. Trong phuvong phap nay, chat phan tich hay cac hOp chét bi bién doéi duoc
lam bay hoi @ mot nhiét do thich hOp hay do tac dung voi mot thudc thir thich hOp.
Chéat bay hcii dugc thu hdi va can. Khdi luong ciia mau duQc xac dinh mdt céach
gian ti€p tlr sy mat trong luong.

Cac phwdng phap lam bay hoi thuong la phuong phap trec ti€p va phuong
phap gian tiép.

37.1. Phuongphap truc tiép

Chét sau khi l1am bay hoi dwoc hdp thu bang mot chdt thich hOp d& dwoc xac
dinh khoi lwgng. Su chénh léch vé khdi lvong cta chat hap thu trwéc va sau phan
tng la khdi lvgng clia chat can xac dinh.

Thi du: Binh lvgng natri hydrocarbonat trong vién thuéc khang acid. Nguoi ta
can mot lwong mau tir thudc vién nghién min va x& ly bang acid sulfuric lodng dé
bién doi hydrocarbonat thanh dioxyt carbon:

NaHCo : +H:Sos ~ CO. T+ H:0 + NaHSo+

Khi CO2 bay ra dwoc cho vao binh c¢é chira chat hdp thu Ascarit Il cdu tao boi
silicat min pht NaOH, trong chéat hap thu nguoi ta thém CaS04 dé gilr nuwéc duoc
tao ra trong qué trinh hap thu.

CO2T+2NaOH " Na2CO5+ 2H20
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Can binh trv6c va sau phan &rng suy ra ham lwgng ctia CO2.

Hinh 5.1. Thiét bi dung dé xac dinh lwgng natri hydrocarbonat
trong thuéc vién khang acid bang phwong phap lam bay hoi

3.2.2. Phvong phap gian tiép

Trong phuong phéap nay, ngudi ta xac dinh khdi lwong can con lai cta chét sau
khi tach hoan toan chat can xac dinh. Hiéu s6'khdi lwgng trwdc va sau khi cat chat
can xac dinh cho ta kha nang tinh duwoc ham lvong clia chat.

Thidu: BaCl2ngam 2H20. Bé xac dinh lvong nwdc két tinh, nguoi ta can mot
lvong mau, dem sdy & nhiét d6 100 - 105°C. D& ngudi, can mAau 1an hai dé xac dinh
lvong nuwdc da mat.

BaCl2.2H20 >BaCl2 + 2H20

Phwong phap xac dinh khéi lugng gian ti€p dwoc st dung khi xac dinh do am
clla mau, xac dinh nwdc két tinh trong cac loai tinh thé hydrat, xac dinh lwgng mét
khi nung.

3.3. Phuwong phap lam két tha

Trong phuvong phéap khoi lvong duwa trén su tao tla, chat phan tich dwoc tac
dung v6i thu6c thi thich hOp tao thanh hQOp chat it tan, sau d6 duwogc loc, rra, sdy
va nung. Chat nay duwogc can trén can phan tich.

Quaé trinh nung c6 thé gay ra sw bién doi vé mat hoa hoc cla ta, vi vay trong
phan tich nguoi ta phan biét dang két tla va dang can.

. Dang két tla; dang tao thanh khi cho chat can phan tich tac dung véi thudc
thir thich hOp.
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Thi du: Khi xac dinh ion SO4 trong dung dich Na2S04, nguwoi ta dung ion
dé két tha. Tha tao thanh la BaSO.
. Dang can; dang tao thanh sau khi duQc xt ly bang nhiét (sdy va nung) dwOc
can dé xac dinh ham lwong.
Dang cédn clng c6 thé 1a dang két tda thi du nhu trwdng hOp cia BaSO”, tha
tao thanh sau phan ng, khdng bi bién doi sau khi sdy va nung, san pham dem
can la BaS04 nguoi ta goi dang tla gi6hg dang can.

S047 + Ba-* -> BaSo04 > BaS0O4

Chét can xac dinh Dang tla Dang can
Cd nhiéu truong hOp dang tha khac dang can, thi du nhw trong truong hOp
dinh Iwong ion Ca*“*bang thudc thir (NH4)->®04, dang tla thu duoc l1a calci oxalat
theo phan rng sau:
Ca“M + +2HoO N CaC204 .2H20

Nhwng dang can lai la calci ox>*t vi calci oxalat bi phan hiy sau khi nung,
phan (*ng co thé viét:
CaC.204.2H20 ~ CaCo04 ~ CaO + CO T+ COgt

4. PAC DIEM

Phuctog phap phan tich khéi lwvgng la mot trong 0" it k§ thuat do luong dua
trén nén tang cta don vi SI nhu khéi lwvgng va mol, ¢6 hdng 3" xac dinh nhy 3"
Avogadro va khoi lvgng cla cho phép xac dinh ham lwgng cla cac cau ti riéng
biét trong mdt mau d& cho cta chdt phan tich. Thwdng dugc dung khi danh gia
thanh phan cla mau. Xac dinh cac kim loai (cac cation), cac phi kim loai (cac
anion), thanh phan cta hOp kim, cac hOp chat hiru cd...

Nhuoc diém cla phwong phap nay la thoi gian xac dinh kéo dai, dai hon so véi
phuong phap phan tich chuan do.

5. CACH TINH KET QUA

Cac két qua trong phan tich khoéi lwgng thwong duwoc tinh tir hai s6' do thuc
nghiém: khdi lwgng mau thar va khéi lwvong clia san phdm co6 thanh phan xac dinh.
Ham lvong phan tram cda san pham duogc tinh bang cong thirc:
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ABm /i/c_mé"pM ntram cia A=, —ZWONEACUaA no4
khé1 lvgng cua mau

A: chét can dinh luong.

Thi du: D& xac dinh lwong piperazin cé trong san pham thwong mai, nguoi ta
c6 thé tao tha piperazin diacetat bang acid acetic. Can san pham tao thanh, tinh
ham luvgng cla piperazin tinh khiét.

Pé thuc hién nguoi ta can mot lwong mau 0,3126 g hoa trong 25 ml aceton,
thém Iml acid acetic. D& yén 5 phat, sau dé loc tlia, rira bang aceton, sdy kho &
110°c, dem can thu dwgc mot lwgng 0,7121 g. Tinh ham lwgng phan tram cla

piperazin ?
Giai
A:NH + 2CH3CO2H - > H 2N ANHgIiCHg0002)2
Piperazin Acid acetic Piperazin diacetat
M = 86,137 M = 60,053 M = 206,243

Phan tir lvong cla piperazin: 86,137 ¢
Phan tir lvong cla acid acetic: 60,053 g
Phan tlr lvong cua piperazin diacetat: 206,243 g

Theo phuong trinh, mdt mol piperazin sé tao ra mot mol sdn pham, s6"mol clia
san pham tao thanh;

S6' mol clia s&n pham tao thanh = 07121 3,453 X10“7 (mol)
206,243
Khoi lugng cha piperazin - 3,453 X 10“~ X 86,137 = 0,294 (g)
Ham lwgng clia piperazin - 029 xI00= 95,14%.
0,3126 g

5.1. Phrong phap cat hay tach

Khi xac dinh trwc tiép, cac san phdm dé bay hoi thudng duoc tach ra dudi dang
hop chat bay hoi c6 thanh phan xac dinh. Cac tinh thé hydrat bi phan hly tach ra
nwéc, cac carbonat bi phan hdy tao thanh CO2... Vi vay nguoi ta tinh lvong chat
can xac dinh theo suv tang khoi lvong ctia bd phan hap thu. Ham lugng phan tram
cla hQp chat bay hoi dugc tinh xudt phat tir ty 1€ twong Gng.

Co%(A) =2xI00
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p: khoi lwvgng dang can chat can xac dinh theo sv gia tang khoi lwgng clia chéat
hap thu.
a: lwong can cla mau.

5.2. Phuong phap iam két tda

Ham luong phan tram cuda chat can xac dinh dwoc tinh theo cong thirc sau:
Mé&u ban dau la chét ran. V6i a gam mau A, sau khi két taa, khéi lwvong dang
can thu duQc la p gam.

c% (A) = ~ X F X100
a

F: thira s8'chuyén (thlra s&' phan tich)

E= mx I\_/I/@
n Mb

m, n: s6 mol clia chat A va chat can xac dinh.

MA: khdi lvgng phan tir clia chat can xac dinh.

Mg: khoi lwvgng mol clia dang can.

F: hé so chuyén, dung dé chuyén tir khoi lvong mol dang cén sang khéi lwong
nguyén to can phan tich.

Thidu:

MO0t chat tay rira thwong mai chira phosphat c6 khéi lvong 0,3516 g. Nguoi ta
phé& hay cac hOp chdt hitu co bang cach dun néng dén do. Can thu duQc cho tac

dung véi HCI dé chuyén p thanh H3PO4. lon P04~ tao thanh phan &ng voi Mg
va NH40H dé cho két tia MgNH4P04.6H00. Tlha nay sau khi loc, rira va nung
chuyén thanh dang can la MgoP207 (M = 222,57 g) ¢6 khéi lwong can 0,2161g.

Hay tinh khoi lvgng phan tram cua p (P = 30,974 ).

Giai

Trong 222,57 g MgaPgO™ thi ¢6 2 X30,974 g p

Vay trong 0,1261 g Mg2P207 cé p?

Khoi lvgng cta chat phan tich p duQc tinh;

0,1261 X 2 X 30,974 n

S —— ata — =

Ham lvong phan tram cla p duoc tinh bang cach ap dung cong thirc:
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Ham lvong phén tram cia A = luogngcua A " iQQufy
khoi lvong cla mau

dop = MEOI X 100% = 17,09 « 17,10 %

0,3516

& day khoi lvong cta chat phan tich 14 p dwoc tinh bang cach nhan khoi luong
cla dang can voi mét hang s8'. Hang s8'nay dwoc cdu tao bdi chit can phan tich va
dang can. Hang s6'nay dugc goi 1a thira s6 chuyén hay yéu t'khoi lvong, ky hiéu F

Nhu vay F duoc tinh:

N—2X Mp— N~ 2 X30,9M ~ Q27833
MMg2P20 222,57

Khoi lvong p cé thé duoc viét

khoi lvong chat can phap tich p

m{g)P = khoi lugng dang can x n " khoi lwvgng mol chat & dang can Mg2r20-7

Mot phan t& mol Mg2P207 (n = 1) thu duOt 2 nguyén tr p (m = 2)

A2 30,974
m(@)p=—X

1 222,57

m (g)P =0,2161 X0,27833 = 0,060147 * 0,0601 g p
Mot mol Mg2P207 (n = 1) thu duoc 2 nguyén tir p (m =2)

6. CAC GIAI POAN CUA PHUONG PHAP PHAN TiCH KHOI LUONG
BANG CACH TAO TUA

6.1. Xéac dinh lvong mau

Ham luong cla dang can phu thudc vao lvong chat nghién ctu. LuOng chat
nghién ctru c¢6 anh huwdng dén do chinh xac clia sw phan tich.

Lwong can chat phan tich cang 16n thi do chinh xac cang cao, tuy nhién néu
lvong can qué I6n gay bat loi trong qua trinh loc, rira. Nguwoc lai néu lvgng can qua
nho s& dan dén sai so 16n.

Lwong mau can thiét dé lam két tha duoc tinh tir phuong trinh cla phan tng
gitra chat can phan tich va thuéc thu.

6.1.1. DGi voi két tha dang tinh thé

Lwong mau can thiét dwOc tinh theo cong thic:
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_m Ma

a X x 0,5
n Mb

khoi lvgng mol clia chat can xac dinh
Mij: khdi Iwgng mol clia dang can
m, n: hé $3'can bang cla phwong trinh phan tng
0,0: tim duoc bang thuc nghiém, ap dung cho cac két tda tinh thé

Thi du: Pé tinh lvong Ca™” trong CaCOs bang cach tao tia CaC204, ngudi ta
tinh lwong mau can thiét cin cv vao phwong trinh phan tng:

CaCOa > Ca-A © CcaC204—~  CaO
1  McaCoO, . = 100,1

a=- x — x 0,0= - X705
1 McaO 56,1

a=0,89g

6.1.2. BG6i voi két tia dang vb dinh hinh
m MA
n MB
Thidu: Tinh lugng mau can thiét cta Fe(N03)39H20 khi tién hanh phéan tich
khéi lvong. Biét rang dang can la Fe203
Giai
Phuong trinh phan (ng c6 thé viét nhv sau:

2Fe(N03)3 > 2Fe(OH)3 —" Fe203
A AN=E2M 1, 0.1

1 159,7
a =0,50(g)

6.1.3. Chuyén mau vé dang hoa tan

Cac phan (ng thuong xay ra trong dung dich, do d6 mau thi phai duoc hoa
tan trong dung moi thich hOp trwéc khi cho tac dung véi thude thir tao tda.

Can chl y dén céac yéu t6 anh hwdng nhu cdu tao chat, nhiét do, moi truong.
Thi du truong hOp chat khéng tan trong nwéc 6 nhiét dd thuong, can dun noéng
bang cach cach thiry hay chat tan duoc khi ¢ sy hién dién cda acid...
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6.2. Thudc th
Thu6c thtr gom thu6c th tao tla vo co va hiru co;
6.2.1. Thuoc thir vo co

Cac thubic thr nay tao va6i chat can phan tich thanh cac mu6i hoac cac oxit rat
khé tan. Thudc thr vo co tao tia chon loc nhwng khéng dac hiéu.

Mot so*thudc thir vo co

e Tao tla cac cation vo co. Cac cation vb co thudng dwoc két tla dwdi dang
cromat, halogenid, hydroxyd, oxalat.

Thuoc th&r dung tao tlla cac cation vé co

Chét phan tich Thudc thir Dang tla Dang can

Ba (NHj2Cr0o4 BaCr04 BaCr04
KXrO, PbCr0O4 PbCrO4
H.SO. PbSO. PbSO4

AN HCI AgCl AgCl

Al NH, AI(OH)3 AJD3

Bt NH; Be(OH) BeO

Fed NH, Fe(OH)3 Fe,0

Ca (NH4)A04 G3C204 CaCOj hay CaO

M (NH&2HPo4 NHAMgP04 M92P20,

Zn (NH4)2HPO4 NHZNnP04 Zn. P.0O;
KH.PO. SrHP04 St2P207

» Tao tha cac anion vo co

Mot s3"anion vb co ¢ thé dugc két tla bang cach st dung cac phan rng ding
trong tao két tla cac cation nhw bang trén, chi déi nguoc chat phan tich thanh
chat tao két tta (thudc thir).

Thi du nhu ion cromat c6 thé dwQc xac dinh bang céach cho tac dung véi dung
dich BaCl2. Ngoai ra con co thé st dung cac thudc thi sau:
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Chat phan tich Thu6c thr Dang tda Dang can
CN' AgNOs AgCN AgCN
AgNOa Agl Agl
Br- AgNOa AgBr AgBr
Cr AgNOa AgClI AgCl
CIO; FeSO"NAgNQ] AgCI AgCl
SCN- SO2C1S04 CuSCN CuSCN
sof BaCl, BaSO. BaS04

6.2.2. Thuoc thr hiru co

Thuoc thtr hitu co c6 tinh chon loc cao hon thudic thtt vO co. Thubc thlr co hai
loai, loai tao véi chat phan tich thanh chat khong ion ho4, rat it tan goi la cac hOp
chat két hOp, loai th¢ hai tao thanh cac chat trong dé co6 lién két gilra chat vd co
voi thudc thir 1a lién két ion.

MOt ssTthudc ther hiru co

X o Chét can . A
Thubc thk . Dang tua Dang can
phéan tich
Cupron Cun* CuCiHH ,02N CUCKHILION
Dimetylglyoxim Ni(C,H,0,N22 NI(C4H,02N2)2
Nauri tetraphenylborat
K* K[B(CeH3)J4 K[B(CeH5))4

Na(B(CsHHK
Cupferon Fen Fe(C6HsN202)3 FejOa
1 - nitroso - 2 - naphtol Co(C,dH602N)3 Co hoac C0s04

Ngoai ra c6 nhiéu thudic thr phdn (ng mot cach chon loc véi cac iihém chiic
hitu co, cd thé dung dé dinh lwong cac hOp chat nay bang phuong phap phan tich
khéi lwvgng. Cac chat nay cling c¢6 thé dung trong phuong phap phan tich thé tich
va phuong phap quang pho.
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Thudc thir Nhoin chu:c h’u’u co Dang can
can phan tich

Dinitro-2,4- phenylhydrazin Carbonyl RCHO R-CH=NNHC6H3(N02)2
Quinoléin Carbonyl thom ArCHO CO.t

Metyl iodid/Ag* Methoxy ROCH:, ethoxyROCzHg Agl
BaCyHNOa A. sulfamic RNHSO3H BaSO4

Sn° Nitro thom RNO, Sn*

Cu” Hop chét azo Cu?*

6.3. Sy két tha

San pham ly twéng ctia mot phan tich khéi lwvong 1a khéng tan,dé loc, dé 1am
sach va cd thanh phan xac dinh. Mdc du cd it chat dat nhitng yéu cau nay, néu st
dung nhitng k¥ thuat thich hOp cling c6 thé dap rng duOc. Thi du mot tha cé do
tan giam khi trong dung dich lanh vi tinh tan cta hau hét cac hOp chat déu giam &
nhiét do thap.

Céac tiéu phan cta chat két tha phai da 16n dé co thé tach dé dang khi loc,
khong dwoc qua nho dé 1am tac loc hodc di qua gidy loc. Kich thudc ta 16n han ché
duoc sw bam cac chét la Ién tha. Ngoai ra, tha con hién dién & dang hon twong keo,
kich thu6c cac tiéu phan trong khodng 1- 1000 nm qua dwoc hau hét céac loc.

6.3.1. Cacyéu cau doi voi dang tla va dang can

Dang tla

- Tla phai c6 do tan nhd dé tia dwoc hoan toan.

- CO dd tinh khiét cao, it hdp phu hay lan chét ban.

- T0a can co tinh thé Ién dé it bi tan trong qua trinh loc, ria.

- Tuoa phai chuyén sang dang can mot cach dé dang va hoan toan.
 Dangcan

- Dang can phai bén voi moi truong, khéng bi hit am, khong bi pha hay.
- Phai c6 cong thirc xac dinh dé tinh F dlng.

- Thira sO chuyén F trng voi dang can cang nho cang t6t.
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Thi du: dé xac dinh Cr  (Cr = 52) trong mot mau, nguoi ta ¢ thé st dung hai
dang can Cr203va BaCrO.r
DE c6 thé chon dang can thich hOp nguoi ta tinh F;

2x52
- <

Br Oacho F = > «0,7
CroOg 1

N
BaCro4 cho F = — Cr 52 wO0,2
BaCrO4 258,4

Gia str khéi lwvong cta Cr.,03 va BaCro4 thu dwoc la nhw nhau bang 1 mg. Sai

s6 ddi voi Cr 6 dang BaCro4 nhé hon so voi dang Cr203 |a09AZ =3,5 lan.

So sanh 2 gia tri cda F, nguoi ta thdy 0,2 nhé hon 0,7 do d6 dang can duQc

chon la BaCro4-
OI
6.3”. Chon thu6c thir va lugng thube thir

Céac véu cau doi voi dang tia va dang can anh hwédng dén yéu cau doi voi chat
lam két tia (thudc thir);

e Yéu cau chon thudic thi: Ly twdng nhat, mot thubiic thir tao tha khdi luvong
phai tdc dung mot cach dac hiéu hay it nhat mot cach chon loc v6i chat can phan
tich. Trén thuc t€, cac thubic thtr chuyén biét hay dac hiéu chi phan (ng voi mot
loai chat hoa hoc thi rat hiém. Céc thu6c thir chon loc ¢ thé tac dung véi voi mot
s0" gi¢i han loai chat hoa hoc pho bién hon. Thi du nhuv AgNO?3 la thubic thlr chon
loc vi tao tha vG6i ion cr, Br“ r va SCN“ trong mdi trwéng acid. Trai lai
dimetylglyoxim la thuéc thlr chuyén biét vi chi tao két tha voi trong moi
trwong Kiém.

Thudc thir tao két tia ly twédng vi tinh chuyén biét hay tinh chon loc phai tac
dung voi chat can phan tich dé tao ra san pham cé tinh chat sau:

a) D@ loc va dé rira dé loai cac chat nhiém bén.

b) C6 do tan thap du dé khong mat tia mot cach dinh lwong khi loc va rira.

c) Tro vOi cac cdu tir cla mdi truong.

d) C6 thanh phan xac dinh sau khi lam kho va sau khi nung (néu can).

 Lrong thudc thr. DE ddm bao két ta dwoc hoan toan chat can phan tich
lwvgng thu6c thlr sé duoc cho voi lvong dw tr 10 - 15% so voi lwgng duoc tinh tir
phan (ng. B&i voi nhitng thudc thr ¢é tinh bay hoi, lvong thudc thlr gdp 2 -3 lan
so V@i ly thuyét.
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Cha y: Trong mot s truong hop, luong thira thudic thr c6 tdc dung lam tan tla
tao thanh.

Thi du: D€ dinh lwvong ion nguwoi ta st dung Kl dé tao két tda Hgli.
Nhung voi luong KI dw Hgl2 sé tao phirc K2iHgl4] tan:

Hg"r + K Hgl2” + Kl thra -> K2[Hgl4l tan

6.3.3. Cac yéu t6 &nh hudng dén qua trinh két tla

Trong giai doan tao két tha néu dung dich ddm dac sé hinh thanh cac két tda
c6 tinh thé nho. Trai lai d6i voi cac tda vo dinh hinh, su ting ndng do sé dan dén
st chuyén cac dang keo khdng bén sang cac két tla.

Trong qué trinh tda dwgc hinh thanh thuong kém theo chat ban. Nguyénnhan
cta s lam ban tda la sy cong két.

Cong két 1a hién twQng khi két tha lang xuéhg mang theo cac tap chét khac
ma trong diéu kién riéng Ié thi cac tap chat nay khong thé két tla duoc.

Thi du: FeCl3 khong tla v8i H2SO4 nhung néu két tia BaCl2 bang H2504 véi
st c6 mét clia FeCls thi bén canh tia BaSO” c6 lan ca tlia Fe2(S04)3- Sau khi nung
Fe9(S04)3 sé chuyén thanh Fe20.3 ¢c6 mau do, lam tia BaS04 cd mau.

Suv cong két co6 nhiéu nguyén nhan khac nhau, nguei ta phan biét 3 dang cong
két; hdp phu, hdp lvu va n6i hdp. Ngoai ra sy hau tua cling la nguyén nhan gay
ban tla.

e Hap phu (adsorption)

Hap phu la hién twOng céc ion hodc cac phan tlr chat ban trong dung dich bam
dinh 1én bé mat tda moi tao thanh. Tinh thé cang nho hap phu ban cang nhiéu.
Nong do chat ban trong dung dich cang 16n, sv hdp phu cang manhvanhiét do
cang thdp ban cang dé bi hdp phu Ién bé mit tda.

Héap phu la mot hién twgng thuan nghich vi cling tao ra sy gidi hap phu. Su
hién dién dong thoi cta 2 hién tvong déi nghich nay dan dén mot trang thai can
bang dong, nguoi ta goi l1a can bang hdp phu.

Trong trwdng hOp nay, co thé xt& ly bang cach tao tinh thé 16n néu 14 tda tinh
thé va thuong co thé loai bo ban bang cach rira.

e Hap luvu (Occlution) la sv gilr cac tap chat tan trong mdi truong vao bén
trong tla do tla tao thanh qua nhanh, cac tinh thé méi tao thanh cé thé boc lay
chat ban 6 phia trong. Hap lwu chi xay ra doi voi tha tinh thé.

« NOi hap (Inclusion) la hién twOng ma céc ion tap két tla vao cac tinh thé IuGi
cla tha tao thanh tinh thé hon hOp. Hién twong nay xay ra khi cac ion cla tap co
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cung kich thuwéc va cung dién tich véi tla do tao thanh cac ion dong hinh. Ngoai ra
hai mudi nay con phai cé cling 16p tinh thé. Thi du tia BaSO4 dugc hinh thanh khi
thém dung dich BaCla vao dung dich chta ion sulfat, c6 sy hién dién cua chi.
Nhitng ion chi thay thé mdt phan ion bari trong tinh thé tao thanh tinh thé hon
hQp v6i BaSO,j. S tao thanh tinh thé hon hOp nay rdt khd tranh khi mot s3"ion
k&t hOp hién dién trong mau. Truong hOp nay cling xay ra déi voi tia keo. Bién
phéap t6t nhat 1a chon thudc thir khac khong gay ra sw tao thanh tinh thé hdn hOp.

» Hau tua (posprecipitation)

Hién tvong nay xay ra néu dé tla ti€p xic lau véi dung dich, thi du nhv tda
HgS néu dé tiép xuc lau trong dung dich c6 chra Zn"™, mac du moi trvong acid
manh van co thé xuat hién tia ZnS trén bé mat ctia HgS. Thwdng hay gap nhét la
tia CaC >0.i c6 hau taa la MgC >0|.

6.3.4. Tao két tha

e /i tha tinh thé. Nhiéu tua tinh thé nhv BaCro4, BaS04, CaC204... thinh
thoang thu duoc dudi dang nhitng tinh thé rdt min c6 thé qua dwOc 16 loc gay ra sw
mat khoi lvong cla dang tGa trong qua trinh xt ly. Hién tvOng ban tha la mot
trong nhirng yéu t6'ngan can sy két tua.

DE han ché cac yéu t6' &nh hudng dén két qua phan tich, viéc tao cac két tla
tinh thé can tuan theo céc diéu kién sau:

- Tién hanh két ta voi dung dich mau va thudc thir loang.

- Thém dung dich thudc thr vao cham va khudy trong qua trinh tao tua.

- Thwc hién két tha véi dung dich chat két tla ¢ nhiét dd cao.

Trong mot so' truong hOp, can thém vao chat lam tang dd tan va tranh hién
twong cong két.

Thi du tao tia BaS04 nguoi ta thém HCI dé giam tla phu BaCo0,3 va giam
cong két Ba(0o H)2-

Chu y thoi gian dé tranh ban do hau tha

 V0i tla v dinh hinh. Cac két tia v dinh hinh c6 khuynh huéng hap phu va
tao thanh dung dich keo, do do6 khi két tlia, can ti€n hanh tda tr dung dich néng
va c6 mat cla chat dién ly. D& ngan can hién tvOng hap phu, nén tién hanh taa tl
dung dich dac, khudy manh va sau khi tda hinh thanh, tién hanh loc, rra tla
bang nwdc néng. Khong nén dé tha ti€ép xdc voi dung dich mot thoi gian dai.
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6.4. Loc va rira tla

Loc va rira tha la 2 ky thuat rat quan trong trong phuvong phap tao thanh két
tla. Su chinh xac cla két qua phu thudc vao thao tac & giai doan nay.

6.4.1. Loc tla

Loc la giai doan tach két tlia ra khoéi dung dich tao tda. Tuy theo lwgng tla va
cach chuyén tlr dang tla sang dang can, nguoi ta co thé si dung dung cu loc thich
hop nhw gidy loc hay phéu loc.

* Gidy loc

Pé loc ldy tla nguoi ta st dung gidy loc khong tro. Gidy loc nay sau khi dot
chay va nung, dé lai khoi lvgng tro rat nho, cé thé bd qua.

Gidy loc khong tro c6 dd min khac nhau. Tuy theo kich thuwdc clia cac hat két
tha, nguwoi ta st dung cac loai gidy loc mong hay day, dwoc phan biét bang mot dai
bang c6 mau bao chung quanh hdp gidy loc. Gidy loc bang dé dwgc dung trong
treong hOp loc cac két tlia dang keo vo dinh hinh. D€ loc phan l6n cac két tla, co
thé st dung loai badng mau trdng c6 dd min trung binh, cudi cing loc cac két tda
tinh thé nho nhuv BaS04 hay CaC204, nguwoi ta dung gidy loc min nhét (bang mau
xanh bién).

Khi tién hanh loc, diéu quan trong nhéat la phai cha y dén lvong tia can loc dé
chon kich thuéc cua gidy loc phu hOp. Taa khéng dugc chiém hon 1/3 chiéu cao cla
gidy loc dé dam bao tla sé dwoc rira sach sau khi loc.

* Phéu loc

Phéu loc x8p hién nay dugc dung phé bién trong cac phong thi nghiém. Phéu
loc 1am bang st, loc dwdi ap suét giam. Loai loc nay chiu dwoc nhiét do cao nhung
lai ¢ nhuoc diém 1a hat am.

6.4.2. Rra tla

Muc dich cla rira tha la dé loai cac chat ban bam trén bé mat cta két tha. Cac
chat ban hdp phu nay 6 trang thai can bang véi cac ion twong ng trong dung dich.
Vi vay khi rira, ngwoi ta rira bang nwéc hay mot dung dich nao d6 ma nbéng do cua
ion coi nhu bang 0, hién twOng giai hdp phai trdi hon hién twong hdp phu dé tda
loai dwgc cac chat ban va cudi cung thu dwQc mot két tta tinh khiét.

Khi rira tha can phai biét loai dung dich rira thich hOp d6i voi két tia. Nguwoi
ta phan biét 4 loai dung dich rta:

a) Réta bang dung dich cta chét tao két tha. RAt it két tda thu dugc cd do
tan dd nhd dé nguwoi ta co thé bd qua khoi lwong tha bi mat trong qua trinh rla
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tia. Phan I6n treong hép lvgng tia bi mat do rira vuwot qua gi¢i han cla sai so cho
phép. Dé han ché sy mat nay, két tha sau khi dwgc tao thanh sé duoc rira bang
dung dich loang cta chat tao tla. Thi du dé rira 0,1 g tia CaC"O" thu duwoc, néu
ding 200 ml nwdc dé rira thi lwgng tda bi mat 1a 1,3% trong khi néu rira tia bang
200 ml dung dich (NH4)2C90.1,0,01M, lwgng tda bi hao hut la 0,0067%.

Chat tao tla thém vao phai la chat bay hoi dé lwgng thira cla chat nay cé thé
bi loai sau khi nung.

b) Rita tia bang dung dich chat dién ly. Co nhiéu chat két tha khi rira voi
nudéc sé tao hién twQng pepti hoa, tréo thanh dang keo va di qua duvQOc loc nhuw
treong hdp cla tia AgCl (AgCl: Ag”.... NOs™), nguoi ta xr Iy bang cach rira tia keo
nay voi dung dich cé chira chat dién Iv bay hdi dé c6 thé loai sau khi nung nhuw
HNO3hay NH4NO3.

c) Rita tha bang dung dich ngan can sw thuy phan. D&i véi cac két tla
khi rira bang nwoc sé xay ra hién tvong thuy phan, diéu nay dwa dén viéc dang can
thu dwgc khong con l1a hOp chét ¢ thanh phan xac dinh nita, nguoi ta rira tia bang
mot dung dich c6 tinh chat ngan can suv thuy phan. Thi du tda MgNH4P04 néu rlra
véi nwdc, hién twOng thuy phan xay ra theo phan ng:

MgNH4PO4+ H.0 -> MgHP04 + NH40H

Néu dung nudc rira 12 NH40H. can bang sé dich chuyén vé bén trai, lam giam
st thuy phan. NH4OH bi loai dé dang sau khi nung két tda.

d) Rera tta véi nwdc don thuan. Ap dwng d6i voi cac két tha khi rira voi
nwdc, sy mat tla khong dang ké. Treong hOp nay can dé y dén nhiét do cla nuwdc
rita, néu tha tan trong nudc nong thi phai rira tda bang nwdc lanh.

6.5. Sdy va nung

Sau khi loc, nguoi ta sdy tha cho dén khoi lvQOng khdng doi. Su sdy co tac dung
loai dung méi va tat ca cac chat cé thé bay hoi. Nhiét do va phuvong phap sy phu
thudc vao phuvong phap loc va dang tda thich hOp. Trong mot s6' truong hOp nguoi
ta nung san pham dé chuyén thanh dang can cé thanh phan xac dinh.

Nhiét do doi hoi dé thu duwgc sdn pham thich hOp tuy thudc vao cac chat két
tla. & nhiét dd 110°c, da dé loai nwoc va chat chét ban dé bay hoi. D sdy san
pham nguoi ta cd thé dung td sdy, dén Bunsen hodc dén Meker.

Hinh 5.2 cho thdy sy méat khoi lvgng theo nhiét do ciia mot vai chat két tha
thong dung nhv bac clorid, calci oxalat va nhdm oxit. Sy sy cta 3 tha nay don
gian la dé loai nudc va cac chat ban dé bay hoi bam vao tia. Nhiét do st dung rét

93



https://nhathuocnhngocanh.com/

khac nhau dé tao ra mot tda khan co

khoi lwong khong doi. D0oi vai bac o Aacl
clorid, nhiét dd can dé loai nudc hit 4m s BsSO04

la trén 110°c trong khi d& loai nudc ol L
hoan toan nhuv truong hOp cua nhém I

oxit, nhiét dd phai trén 1000°c.
Puong biéu dién nhiét khéi lvong
cla calci oxalat kha phtc tap. Dudi
135°c, mot phan t& nwoc bi loai dé tao
thanh CaCo904.1i20. Hop chét nay sau
dé chuyén thanh oxalat khan & 225°c.
Sy thay d6i dot ngot vé khdi lwong & 200 moNhe?g?dgc/)gclooo 1200
nhiét do 450°c cho thdy la c6 sy phan
hay calci oxalat thanh calci carbonat  Hinh 5.2.Tac dung cta nhiét do 1én khoi

va monoxyt carbon. Nac cudi cung cua luong tha
duong biéu dién tuong ¢ng voi sy bién
doi calci carbonat thanh calci oxit va CO2. Nhw vay, khi dinh lvong bang

phrong phap phan tich khdi lvgng voi tla oxalat, ban chat clia dang can phu
thudc nhiéu vao nhiét do.

Khi nimg két tha gidy loc chay thanh than, than tao thanh c6 thé khir mot so
chat khi nung. Trong treong hOp nay can phai diung phéu loc st thay cho gidy loc.

6.6. Can

Giai doan xac dinh lwgng can thu dwoc. Dang can da duoc sdy va nung dem
can trén can phan tich.

Lwru y dung can phan tich can dugc dén 0,1 mg.

7. UNG DUNG

7.1. Xac dinh nuéc két tinh va hat am

Duoc dién Viét Nam 111 ¢6 tiéu chuan "Giam khoi lvong do sdy khd" trong céc
chuyén luan dé xac dinh nuwdéc hit am hoac ca nwéc hit am va nuwdc két tinh voi
nhiét dé nhuv sau:

105"C + &°C: Nhiét do thich hOp dé xac dinh do am.
120°c -> 200°C: Nhiét do thich hOp dé loai nwoc két tinh.
Dé tinh két qud, ap dung cong thirc:
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% (kI/kl) H 20 = X 100

Pi
Thi du: Duoc dién Viét nam IlIl, trang 39 cd chuyén luan Cafein ngadm mot
phan t& nuoc (CsH1002N4.H20), ¢6 phan tir lvgng la 212,21. Bem sdy & 80°c, dén
kh6i lwvgng khong déi, nwdc hat 4m va nwéc két tinh mét di. Can mau trwde va sau
khi sdy roi tinh ra ty 1é phan tram khdi lwgng bi giam.
Tinh theo ddng cong thic thi ham lwgng nwéc két tinh trong cafein la 8,48%
nhitrig vi ¢d nwdc hat &m nén Duoc dién cho phép toi da la 9%.

7.2. X4c dinh ham lvong B hay SO/’
7.2.1. Nguyén tac
Pé tao tlia BaSO i ding dung dich H9SO4 hay mudi sulfat néu mau la Ba™.
Dung dung dich BaCl2néu mau la SO|*“.
7J2". Céach tién hanh

- C&n mau.

- Chuyén méau vé dang hoa tan.

Thém dung dich thubic thr ¢cé néng do thich hOp da dun nong két hOp khuay.
Bun cach thuy.

Dé yén cho tla két tinh loc.

R(ra tGia bang nudc nong.

Nung - can - tinh két qua.

7.3. Dinh lvgng clorid, bromid va iodid
7.3.1. Nguyén téc

Cho dung dich AgN0,3 vao mét dung dich chtra ion cr, Br~, r sé thu dwgc cac
tla bac halogenid. Rlra tla, sdy va can  két qua.

Thi du; Dinh lwvong NaCl ¢6 trong dung dich mau. NaCl phan ¢ng véi AgNO3
theo phuwong trinh:
NaCl + AgNO3” AgCl + NaNo0,3

7.3.2. CAch tién hanh

Thém nudc vao mau, thém HNOQ. Cho dung dich AgNO3 khudy manh.
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Pun céach thuy roi dé yén trong bong toi.

Loc va rira tha trudc tién bang dung dich HNO3sau d6 bang nwéc néng.

Say tda va tinh két qua.

7.3.3. Nhan xét

Séy tha & nhiét do < 130°c.

T0a bac dé bi phan hay, tranh anh sang.

Tha AgCl dé bi hdp thu Ag" tao ra I6p dién kép trong trudng hOp trong dung
dich c6 lvong thira AgNO'3-> thém HNO3->ion NO3 pha I6p dién kép.

Tw khoa
- Phan tich khOi luvong - NOi hép
- Phuong phép cét - Hau tda
- Phuong phap lam két tla - Loc tua
- Hap lvu - Rkra ta

CAU HOI LUONG GIA

1. Néu nguyén tic cta phuong phap phan tich khdi luong.

2. Phan loai cac phuvong phap phan tich khéi lvgng.

3. Trinh bay cac giai doan ti€n hanh phan tich khdi lwgng. Néu céch tinh
két qua.

4. K€ vai (rng dung cla phurong phap phan tich khoi luvong.

5. Néu nguyén nhan lam ban tha va cach xu ly.

CAU HOI TRAC NGHIEM

. Bai twgng cda phuvong phap phan tich khéi lvgng la
. chét ran

. chat léng

. chat léng va chat khi

. cht r&n va chét long

. chét r&n, chét 16ng va chéat khi

N O o O T o =

. Phwong phap phan tich khéi lvgng dva vao sy do chinh xac:
a) thé tich cha chét rdn can xac dinh.
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b) khéi lvong clia chét rdn can xéac dinh.

c) khéi lvong don chét duoc tach ra tir mot hon hOp rén.

d) khoéi lvong hOp chéat c6 thanh phan khong doi.

e) khdi lwong cta chét rdn can xéac dinh hodc thanh phan cta no6 dwoc tach ra &
dang tinh khiét hay hOp chéat c6 thanh phan xac dinh.

3. Phudng phap &p dung khi mau dugc l1am bay hoi & nhiétddthich hOp, khi
bay ra duQc hdp thu bdng mot chit da biét trwéc khéi lvong duQc goi la phuwong

phap
a. tach c. két tua e. dién trong lvong
b. cat d. tro

4. Phrong phap két tha la phuong phap dua trén nguyén tic 1a mau
a) tac dung véi thuoic thir tao chat it tan.
Qb) bi bién d6i thanh can khi tiép xdc v6i nhiét.
¢) duoc tach ra dwgi dang tv do hay hOp chéat bén.
d) dugc tach ra va ba dién cuec.
e) duQc tach ra va bam vao hon hop voi xut.
5. Bieu thi két qua trong phan tich khdi lvgng thuong duogc tinh theo
a) p (9/1)
b) c% (kiy kI)
¢) ham lvgng phan tram dang tua theo khéi lvong  mau.
d) ham lwvgng phan trdm dang can theo khéi lvong mau.
e) ham lwgng phan tram cla chat tach ra duw6i dang tv do theo khoi

lrong mau.

6. LuOng thudc thir can dung phai cho thra.........ccccevveviienenen, so vOi tinh toan
theo ly thuyét la

a.0- 10% c. 16 - 20% e.25- 30%

b. 10-15% d. 20-25 %

7. Ban tlha thuong gap trong két tla vo dinh hinh la do hién tuong

a. cong két. c. hap phu. e. ndihap.

b. hap thu. d. hap luu.
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Chuwong 6
PHUOONG PHAP PHAN TICH THE TICH

1.M0O PAU
Nguoi dat co s6 cho phuvong phap phéan tich thé tich la nha bac hoc L.J. Gay -
Lussac (Louis - Joseph GAY - LUSSAC) 1778 - 1850.

Phuong phap chuan do thé tich la phwong phap phan tich dinh lugng trong dé
chl yéu la sv do chinh xéac thé tich cta dung dich c6é ndng do xac dinh can thiét dé
phan (rng hoan toan véi chat phan tich.

Sy chudn do duQc thuc hién bang cach thém tir tr mot dung dich chuén vao
dung dich cta chét can phan tich bang buret cho dén khi nguoi ta nhan thay phan
rng gitra chat chuan va chat phan tich xay ra hoan toan. Thé tich cla thudc thi
dung trong dinh lvong duoc xac dinh bang sw chénh Iéch thé tich cha chét chuén
gitra hai giai doan, dau va cu6i phan (rng.

Phuong phap thé tich duoc st dung rong rédi trong phan tich vi nhanh chéng
va don gian.

2. MOT VAI KHAI NIEM CHUNG VE PHUONG PHAP PHAN TICH THE
TiCH

2.1. binh nghia
2.1.1. Biém tvong dwvong

S chuan do dat dén diém tuwong duong la khi tai diém doé lvgng chat chuan
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thém vao twvong dwong hoa hoc v6i lwgng chat phan tich c6 trong mau.

Thi du: Trong s« chudn do natri clorid bang bac nitrat, nguoi ta dat dén diém
trong duong sau khi thém chinh xac mot mol ion bac cho moéi mol ion clorid hién
dién trong mau.

NaCl + AgNOa-* AgCl + NaNOs
1 mol 1 mol

Piém tuong dwong la mot diém Iy thuyét, khong thé xac dinh bang thuc
nghiém.

2.1". Biém két thac

La thoi diém gay ra sy bién doi tinh chat vat ly hay sy doi mau cda chéat chi
thi. Thwong cd sv sai biét vé thé tich hay khdi lvong gitra diém twong duong va
diém két thac, ngwoi ta goi la sai so trong chuan d6. Trong cac phuvong phap thé
tich, sai s0'trong chuan do E, dwoc xac dinh:

0 E=V~A-V,,

Vegi thé tich Iy thuyét cta thude thr can thiét dé dat dén diém twong duong.

VFn: thé tich that sy s dung dé phat hién diém két thic cta phan tng.

2.1.3. Chat chuan hoéa hoc bac mét (so cap)

HOp chéat c6 dd tinh khiét rat cao duOc dung lam chat gbc trong cac phuwong
phap thé tich va phvong phap khoi luOng.

Tinh chinh x&c ctia phvong phap phu thudc vao cach danh gia chat lwgng cua
hOp chat nay. Mot chat chuan bac mot phai dat cac tiéu chuan sau:

Do tinh khiét cao 99,95%

Tinh on dinh trong khong khi.

Khong co nudc hydrat hoa dé thanh phan chéat ran khong thay déi khi co sw
thay doi do am twong doi.

Co tinh tan tot (thich hOp) trong méi truong khi thwc hién chuan do.

Khéi lvgng phan tir twong ddi cao dé han ché sai s8"tvong d6i khi cAdn mau (sai
s0 <0,1%).

Trén thuc té chi cé rat it hOp chat dat dwoc cac tiéu chuan trén.

Thidu:

- Kali naphtalat (M = 204,22 g), mudi luén luén & dang khan, chi chia tdi da
0,003% nuoc.

KHCO0 3 (M = 100,11 g)

Acid benzoic CgH*COOH (M = 122,15 )
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2.1.4. Chat chuan hoa hoc bac hai (tht cap)

Haop chéat c6 do tinh khiét phai duQc xac dinh bang phén tich hoa hoc.

Thidu:

- Natri borat ngdm 10 phan t& nwéc Na2B407.10 H20 (M = 381,24 g). Trubc
khi pha thanh dung dich chuan can sdy san pham & nhiét do tlr 170 - 440°c trong
1 gio.

Acid oxalic ngam 2 phan t&r nwéc C2H204.2 H20 (M = 252 g).

2.2. Céac dung dich chuan

Dung dich chuan la mot thudc thtr c6 ndng do biét trwdc duOc dung dé chuan
do trong cac phwong phap phan tich thé tich.

Céc dung dich chuéan gitt mot vai tro chd yéu trong tdt cd cac phuwong phap
chuan do, vi vay can thiét phai kiém tra nhirng tinh chét can phai cé trong dung
dich, cach pha va biéu thi néng do cla cac dung dich nay.

2.1, Biéu kién ctia mot dung dich chuan

Dung dich chuan ly twdng phai dat cac tiéu chuan sau:

- DU bén dé khong phai xac dinh lai nong d6 sau khi pha.

- Tac dung nhanh v¢i chat can phan tich.

- Phan ng phai hoan toan dé dat duoc diém két thic ding.

2.2.2. Phuongphéap xac dinh ndng dé ciia mot dung dich chuéan

Phwong phap phan tich thé tich chinh xac khi néng do cta dung dich chuan
chinh xac. C6 hai phwong phap co ban dé xac dinh néng do clia dung dich chuan.

Phuong phap tric ti€p: Trong phwong phap nay, mot lvong can chinh xac chéat
chuan hoa hoc bac 1 (sd cap) duoc hoa tan trong mot dung mdi thich hOp va pha
lodng trong binh dinh mirc dén thé tich chinh xéac.

Phuong phéap so voi mau chuén (etalonnage): dung dich dung lam chuén duoc
so bang cach chuén do voi

- mot khoi lvgng chat chuan hoa hoc so cap.
- mot khoi lvgng chat chuan hoé hoc thir cép.
- mot thé tich cia mot dung dich chuan khac.

Phan 1on dung dich dung lam chudn duoc xac dinh ndng dé bang phwong phap
nay do cac thudc thir khong dat duoc tiéu chuan cla chét chuan hoa hoc so cép.
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2.2.3. Cach biéu thi ndng d6 cta cac dung dich chuan

NoOng do cla dung dich chuan thuwong duwoc biéu thi la ndng do mol va ndong do
dwong lvgng.

No6ng dd mol cho biét s6' mol cta thudc thr chira trong mot lit dung dich.

Nong do duwdng lvong biéu thi s6' duong lvong gam cla thudc thir ¢d trong mot
lit dung dich.

2.3. Céc phuofng phap xac dinh diém twvong duwong

Pé xac dinh dém twdng duong, nguoi ta st dung chat chi thi hoa hoc hay chi
thi ly hoa.

2.3.1, Chat chi thi hoa hoc

Chi thi la chat dwOc cho vao dung dich khi tién hanh dinh lugng. Sy thay doi
vé pH, thé oxy hoa - khtr... sé lam thav doi mau cla chi thi.

Céc chi thi thwong dung trong phwong phap phan tich thé tich:

a) Chi thi ndi: chi thi cho vao dung dich khi tién hanh dinh lwong.

Chi thi mau: metyl da eam, phenolphtalein.

Chi thi tao tua: kali cromat.

Chi thi tao huynh quang: fluorescein.

b) Chi thi ngoai; chi thi dé ngoai, dung dung cu nhu dfia thuy tinh ldy dung
dich rdi cho tac dung voi thudc thr nhw trvong hOp dung gidy tdm ho tinh bot.

Chi thi cé thé la:

Mot chat: dé metyl.

Hai chat: thudc thr Tashiri (d6 metyl va xanh metylen).

Nhiéu chat: thubc thr van nang.

2.3.2. Chithi ly ho&

Po s d6i mau cla dung dich bang phuong phap quang phd, phuong phap dién
hoa nhu do dién thé, do cwdng do dong dién hay do dd dan dién.

3. PHAN LOAI CAC PHUONG PHAP PHAN TICH THE TICH

Nguoi ta thwong dua trén co s phan (rng dé phan loai cac phuvong phap phan
tich thé tich.
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3.1. Phuvong phap trung hoa
Phuvong phap dung dé dinh luong cac acid, base va mot s6 mudi trong mdi
trvong la nwéc hay moi truong khan. Phuong phap nay duwa trén su trao doi
proton
Thidu: Pinh lvong acid hydrocloric bang natri hydroxyd
HCI + NaOH-> NaCl + HgO

3.2. Phuvong phap oxy hoa - kh
Duva trén phan rng oxy hoa - khir twong (rng voéi su trao ddi electron gitra hai
chat: mot chat cho mot hoac nhiéu electron, chat th¢ hai nhan electron.
Thidu: Binh luvgng sat 111 clorid bang dung dich thiéc
2FeCI3  + SnCla 2FeCl2 + SnCl4

3.3. Phuctag phap két tha

Can clr trén cac phan &ng gilra chat can dinh lwvong voi thubc thir tao ra hOp
chat it tan.

Thi du: phwong phap bac st dung thudc thi bac nitrat dé dinh lwong cac
halogenid.

3.4. Phwong phap tao phutrc

Dwa vao phan (ng tao thanh phtc chat. Phuong phap complexon dwgc st dung
pho bién dung dinh lwgng cac ion kim loai nhw dinh lugng calci va magnesi trong
nwéc véi thudce thir 1a EDTA.

4. KY THUAT CHUAN PO

Ky thuat chuan do trong phuong phap thé tich ndi chung rat don gian. Ky
thuat thuong chi can do thé tich cla cac dung dich v&i nhirtng dung cu chinh xac
nhu pipet, buret, binh dinh m&c. Cac dung cu kém chinh xac nhw éng dong chi
dung dé lay thé tich thudc thr dung diéu chinh méi trudng phan tng.

Céc phuong phap duoc dung trong phan tich thé tich la phwong phap truc tiép
va phuong phap gian tiép.

4.1. Phuvong phéap truc tiép

Chat can dinh lvgng phan (ng voi dung dich chuan.
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4.1.1. Chuan do truc tiép

Phwong phap chuan do don gian nhat la tir buret dd hiéu chinh chinh xéc,
ngwoi ta nhd tlrng giot dung dich chudn B vao mot thé tich xac dinh dung dich hay
mot lugng can xac dinh chat A da hoa tan trong dung moi thich hOp. Khi phan trng
két thac, biét lwvong dung dich chudn B dung dé phan (ng voi chat can dinh luvong
A thi c6 thé tinh ham lwgng cla chéat A.

Chuén do truc tiép thudng dung dé dinh IwvOng mot acid bang mot base hay
nguoc lai. Thi du: Pinh lvong HCI bang dung dich chudn NaOH véi chi thi la
phenolphtalein. Dung dich acid hydrocloric dwgc chra trong binh nén, dung dich
natri hydroxyd chudn duQc thém tir tir tirng giot bang buret cho dén khi phan (ng
két thic dwoc nhan biét nho vao sw doi mau cla chi thi.

4.1.2. Chiidn d6 nguoc hay chuan dé thira tru

Chuan dd nay ap dung trong truong hOp khong thé thwc hién chuan do truc
tiép. Nguoi ta thém mot thé tich chinh xac, dw dung dich chuan B vao mot thé tich
xac dinh dung dich hoac mét lwgng can xac dinh A da hoa tan vao dung mdi thich
hOp. Khi phan ng két thuc, lvgng dv thudc thir B khdng tham gia phadn (ng duoc
chuén dd bang dung dich thudc thi ho trQ khac, da biét ndng do chinh xac.

Thé tich thuéc thr B trong chudn d6 nay khong duQc it hon 15 - 20 ml trong
phuong phap da luong.

Thi du: Binh luvgng bane phwong phap complexon;

Phwong phap nay co lgi trong cac truong hOp:

Khéng chon dugc chi thi kim loai thich hOp cho ion can xac dinh. Chéng han
khong thé chuan do truc tiép Co™, A1™ vdi chi thi den eriocrom T duoc vi chi thi
nay tao voi phtrc bén virng dén ndi khong bi EDTA pha vo.

lon can xac dinh nam trong tla 3aS04, PbS04-. lam phéan ng voi EDTA xay
ra cham.

Chéat can dinh lugng khong tan. pH moi trwong twong ky véi phwong phap
truc tiép.

Minh hoa: D€ dinh lwong Ba™*, nguoi ta cho lwgng chinh xac complexon 111 ¢6
du, dinh lvong du complexon bang MgCl2 chuén.

EDTA dv (lwgng chinh xac)
Pinh lvong du bang MgCl2chuén.
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4.2. Chuan do gian tiép (thé)
Nguwoi ta dung phuvong phap nay khi chéat can dinh lvOng khéng phan Gng Vi
dung dich chuan nén can c6 mot chét trung gian.
Thi du: Dung dich natri thiosulphat la mot chat kh(r t6t duOc dung dé chuan
dd cac chat oxy hoa yéu nhu iod nhuwng khong chuan do duOc cac chat oxy hoad
manh nhuv KMno04, K.,Cr207. Vi vay truéc hét cho K2Cr207 tac dung voi thudc thir
trung gian Kl (Bi) trong moi trwong acid dé gidi phéng iod, iod tach ra tuong
dwong dinh luvong theo ty I& véi K2Cr207- Néu chudn do iod dwoc gidi phong ra
[thay cho K,Cr207,(Ai)] bang dung dich chu&n chinh Na2520,3 (B) thi c6 thé tinh ra
lvong KoCr207(A).
KsCraOy
Kl luvong dw
1o phong thich twong dwong dinh lwong
Na25203

5. DUNG CU DUNG TRONG CHUAn d6 bAnG phwong phap THE
TICH
5.1. Dung cu chtra
Binh nén, becher diing dé dwng mau.
5.2. Dung cu khéc do
Ong dong.
Pipet khac do.
Duing dé lay mét thé tich dung dich gan ding.
5.3. Dung cu chinh xé&c
Pipet chinh xadc mot vach, pipet hai vach, phan phoi mot thé tich dung dich
ehinh xac co' dinh.
Buret diing dé dong mot thé tich chinh xac thay doi.

Binh dinh méc ding dé pha mét dung dich cd thé tich chinh xac, thwong dung
dé pha dung dich chuéan, pha lodng dung dich. Thé tich chat long trong binh duoc
biéu dién bang mililit. Trén binh ¢6 ghi dung tich va nhiét do (thwong l1a 20°C).
Céac binh dinh mtc thuong cé dung tich khac nhau tr 25 —2000 ml.
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Dung cu chinh xac bang thuy tinh dwoc chia thanh 2 loai:

Loai A:

Loai B: Sai s8'trong do lwong thwong nhd hon 2%. Nhi*tng dung cu nay chi
dung trong pha ché ma thoi.

Thidu 1

- Pipet chinh xac loai A 20 ml ¢6 dung sai + 0,02ml cé nghfa la pipet co thé
phan phdi mot thé tich la 19,980 ml < thé tich phan phoi theo ly thuyét
< 20,020ml. Nhuw vay dung sai sé la

0,020
20

Pipet chinh xac loai B 20 ml ¢6 dung sai 0,04 ml —+ 0,2%
Binh dinh mtéc 100 ml loai A c6 dvmg sai la £0,1 ml* 0,1%

x 100 = 0,10% 0,10%

cl

Pipet khac do Buret Binh dinh muc

Hinh 6.1. M6t s6 dung cu sr dung trong chuan do thé tich
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5.3.1. Dung sai cia motsédung cu loai A, B

Dung cu Thé tich (ml)

1
Pipet chinh x4ac

10

25
Buret 50

10
Binh dinh murc 50

100

6. CACH TINH KET QUA

Loai A
+ 0,006
+ 0,006
+0,01
+0,02
+0,03
+0,05
+0,02
+0,05
0,08

Loai B

+0,04
+ 0,10
+0,16

Pé tinh duoc két qua trong phrong phap phan tich thé tich can phai biét thé

tich va néng do cla chat chuén

6.1. Tinh két qua truong hop dung néng dé duong luvong

Poi v6i nbng do duong lwong, nguoi ta két thic chuan do tai 1an can diém
trong duong, & dé 8" duong lvong (hay mili dwdng lwong) thudc thir bang s3" dwong
lvong (hay mi dwong lvgng) clia chat can xac dinh.

Lay V3 ml dung dich chat B (chat chuédn) c¢d nong do xac dinh Nb dung chuan
do tai diém két thic hét Va ml chat can dinh lvong c6 ndng do Na. D€ tinh nong do
cla chét A, & dung quy tic: tai diém tuvong dwong, tich cac thé tich (ml) cla céac
dung dich chét phan rng véi ndng do nguyén chuédn cla chung thi bang nhau:

VaNa =VbNb

NoOng do chat A duQc suy ra tir cdng thirc:

VeNb
V.
Thidu:
32,20 X
Ny
25,00
NHCI = 00,1224
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Dung dich acid hydrocloric dugc chudn hoa bang dung dich natri hydroxyd
chvian. Néu dé trung hoa 25 ml dung dich HCI nguoi ta st dung 32,20 ml dung
dich NaOH 0,0900N. Tinh néng dé duong lugng ctia HCI.

Tl ndng dd dwoc xac dinh, tinh duoc:
- Ham lwgng gam /lit
Pg/l =N., X
E~: duong luong gam cua chat can dinh lugng.
N”: ndng do cua chat A.
Ham lwgng tinh theo phan tram ¢V

A ""Xioo

"MgA

—

co,. =1

mgA: khéi luong cta A tinh bang mg.

Tlr KHOA
- Phan tich thé tich - Dung dich chuan
- Diém twrong dwong - Chat chi thi
- Diém két thac - Ky thuat chuan do
- Chat chuan - Dung cu chinh xac

CAU HOI LUONG GIA
1. Trinh bay nguyén tic cla phwong phap phan tich thé tich.
2. Phan biét:
- Diém twong dwong va diém két thic.
- Chat chuin bac mot va bac hai.
3. Xéu thi du minh hoa céac ky thuat chuan do.
4. Viét cong thirc tinh két qua trong phwong phap phan tich thé tich.

CAU HOI TRAC NGHIEM
1. Phuvong phéap phan tich thé tich la phvong phéap dwa trén viéc xac dinh
a) khdi lvgng clia chat chuan khi phan &ng véi chat phan tich.
b) thé tich chat chuan.
c; lwong chat chuan bac 1.
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d) lwgng chat chuan bac 2.

e) thé tich chat chuan bac 1.

2. Phwong phap phan tich thé tich dwoc st dung réng réi vi

a) it téh thoi gian, it ton kém, k§ thuat don gian.

b) it ton thoi gian, it tdn kém, k§ thuat don gidn, chinh xac.

¢) nhanh, tién lgi, chinh xac va cé thé tw dong hoa.

d) tién loi, k¥ thuat don gian, it toh kém va cé thé ty déng hoa.

e) nhanh, tién lgi, chinh xac va it ton kém.

3. Viéc chudn do dugc thwc hién bang cach thém............ vao dung dich phéan
tich cho dén khi phan trng xay ra hoan toan.

a) dung dich chuan

b) chat chuan bac 1

¢) chat chuan bac 2

d) thudc thir

e) chéat chi thi

4. Bac diém cta mot dung dich chuan:

a) bén, c6 cong thirc xac dinh.

b) khong bi hat am, khoi lwvgng phan tir kha Ién.

c) c6 ndng dd xac dinh.

d) bén, phan &ng nhanh, hoan toan va phan ng chon loc déi voi mau.

e) bén, phan rng nhanh, hoan toan, phan trng chon loc va c6 nong do xac dinh,
it ton thoi gian, it ton kém, k¥ thuat dén gian.
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Chuwong 7
PHUONG PHAP ACID - BASE

NOI DUNG

1. MOT SO KHAI NIEM Co BAN

- Theo Lewis: acid la chat c6 kha nang nhan doéi electron con base la chat co
kh& nang nhwong doi electron tu do.

- Theo Bronsted: acid la chat c6 kha nang cho  va base la chat c6 kha nang
nhan H".

Giao trinh nay duoc viét theo thuyét acid - base clia Bronsted
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1.1. Thuyét BRONSTED

Acid la chat cho proton HA A (7.0

Base la chat nhan proton B+ HB™ (7.2

Theo (7.1), néu phan &ng theo chiéu tir trai sang phai thi HA la acid (cho H"
va néu theo chiéu nguoc lai thi A' la base (nhan HN).

Twdng tu, theo (7.2) thi B la chat nhan base va HB”" la chat cho H": acid.

Trong (7.1) HA / A" tao thanh 1cap acid - base lién hOp va trong (7.2) la cap

BHVB.
Viét gop (7.1) va (7.2) lai thanh:
HA + B HBN + A"
acid 1 base 2 acid 2 basel

1.2. Két qué cla thuyét BRONSTED

a) Tong quat hoa khai niém acid - base: khong xem acid hay base la nhitng
chat hién dién riéng ré nhung la 1 cdp acid - base lién hOp vi néu co6 acid la co

base.
Thidu: HCI ~ cr + (acid hydrocloric HCI lién hOp vai base clorid cr)
NH3 + i NH4™ (base amoniac NH3 lién hOp voi acid amonium
NH/)
b) Md rong khéai niém: acid va base cé thé la phan tlr ma cling c6 thé la ion
acid base
nh; CH3COOH HCO3- NH3 CH3CO00- coi-

2. PHAN UNG ACID - BASE | DUNG MOI (0 H" HOAT PONG

Dung méi cd proton hoat déng la dung mdi co6 tinh acid hay base va co thé tac
dong Ién céc chat tan acid hay base c6 trong dung dich.

2.1.Phan &rng clla acid-base v6i dung moi (thuyét Bronsted)

Khi dung méi c6 proton hoat dong thi n6 sé anh hudng dén chat tan va luc ay
dung moi sé dong vai trd clia mot acid hay 1 base.

Thidu: Dung mdi nwéc co thé hodc la 1 acid hodc la 1 base.

Néu nuoc la 1 acid Hgo A OH“+

hay nuw6c la base HgO + A HgO" (ion hydroxonium)
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Twdng tw, néu dung moi la formamid hay con:

Néu formamid la acid HCONH2 HCONH" + H"

hay formamid la base HCONH, + HCONH”

Néu con la acid ROH RO' + H"

hay con la base ROH + H" ROHA

Nhung khong bao gio' hién hitu 0 trang thai tw do ma phai c6 1cdp chova 1
cap nhan.

Thi du:

HF + HO ~ F- + H30"
(HF va H30: cho H™ H,0 va r: nhan H")
NH4 + H,0 i NHg + HgO"
acid 1 base 2 base 1 acid 2
(NH4'va H30*: cho w, H,0 va NH3: nhan HO
2~ . Sy phan iy ctia dung moi
SH: Ky hiéu ctia dung méi c6 H" hoat ddng (S: solvent)
Do c6 thé cho hoac nhan proton ma dung méi khi la acid khi la base.
SH + SH s- + SHZ2 (7.3)
acid 1 base 2 base 1 acid 2
SH / S* : cap acid va base lién hgp:

Thidu: 2H20 H30" + OH (H 20/0H-)
_ N
Theo (7.3): [S1ISH? (7.4)
[SH]2
- N
Khi dung m6i SH la nuoc : -D H,],[HBO |
[I120f
Thuc té [SH] hodc [H20] dugc xem nhuw 1a mot hang s8'vi ¢o rdt it phan tr chiu

sw phan ly.

Thi du: Trong 1 lit nwéc c6 10“* phan t¢r gam (hodc 1,8 ixg nwéc) bi phan ly
thanh 100 [Lg (dang H300 va 1,7 iig OH".

Vi dung mdi it phan ly nén ndng d6 dung méi coi nhw khong thay doi va tir
(7.4) nguoi ta cd thé viét:
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[ST[SH|] = K X[SH]2 = Ki (hdng s& ion ho&) (7.5

Hang s6 Ki nay la tich ndhg‘dd™ioi;- bi phan ly ctia dung méi: hdng sé ion hoa
ctia dung mdi c6 thé nhd hodc 16n hon hdng s6'ion hoé clia nuéc.

Thidu:
Kicla nu6c (=K, J[0H-][H301=K,ac= 10 (¢ 23°C)
< 1 (eom) [CHgOIICHgOHA] _ 10
K i (EtOH) [C,K,O-] [CsHSOH"] =10 -2
Ki (HCOOH) [HCOO1[HCOOH"] =10'®
Chiy

- Thay vi viét [HgO"] nguoi ta viét
Khi dung moi nuéc tinh khiét thi  [HO"] = [0H“] = v*nuéc

Khi mot dung mdi bat ky tinh khiét thi [S]= [SH2] =

thay doi theo nhiét do.

Bang 7.1. Hang sd ion hoa ctia nwéc 6 nhiét dd khac nhau

Nhiét do Ko [H1 Nhiét do ube [HI
18“C 0,62 x 107" 0,79 x 10 25 ve 1,2 x 10-* L1 X 10
23“C 1.00 x 10" 1,00 x 10- 100+ 58 x 10-* 7,6 x 10"

2.3. Luc cua acid hoac base trong dung m6i cé6 H* hoat dong
- Truvong hOp 1 acid
HA + SH imTA + [SHA]
acid + dungmbéi & base + proton dwgc solvat hoa

_[A-][SH AL [base][SHA] 76)
[HA] [acid]
PK3=- IgK®; pKg la hang s3*phan ly néi 1én luc acid hodc base clia mot chat.
K&t qua: tinh acid cla chdt tan cang manh thi cang dé phong thich H", [S1i2]
cang lon, K3cang I6n va pK,, cang nhd. Luc cla base lién hOp A”cang yéu khi acid
cang manh.
= Hang s6 pK* ding déxac dinh lyc ctia cdp acid - base
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- Trwong hOp 1 base

B + SH iT BH" + S'
Base 1 dung méi acid acid 1 base tir dung moi

Va K - [BH"][S-] [acid][S-]

" [B] [base]
Theo (7.5) co [S-][SUt] = K nén [S1 =

[SH]

va theo (7.6):
Thévao (7.7): Ki= X hoac K. x K. = K

K, (SH|J

Do do, Kb lién quan véi Kg bdng hé thiec trén nén khi dé cap dén luc cla acid -
base sé chi n6i dén  va khong ban dén Kb-
2.4. Du doan phan rng

e XétpKcua 2cap acid - base

Thidu:

Acid acetic tdc dong trén amoniac trong dung méi la nuoc.

Cap acid acetic / acetat: pK™= 4,74 va cap ion amoni / amoniac: pKg = 9,2.

Phan (rng xay ra : CH3COOH + NH3”" CHgCOO” + NH4 (7.8)

~ [CH3CQQ-][NH]

[CHgCOOHJiINHg]

Trong nuwac, acid acetic bi phan ly va amoniac cling bi phan ly theo phan Gng

can bang c6 hang 3"

A [CHACOO-][H"]_
[CH3COOH1

INH47]
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Hang sb ctia phan (ng gitta amoniac va acid acetic trong nwéc dé dang tinh vi

tir (7.9)7 =A Vatr(7.10)-. e A =iiA

[CH3COOHI  IH+ [NH3I

[CH3COQ-]INH4~] ~ A A

[CH3COOH]fNH3]

KE&t qua: phan (ng (7.8) cang dich chuyén vé phia phai thi JiiiL cang Ién hay

Ka2
i cang nho, nghia la (pKg - pKg )cang I6n.

2.5. Biéu thirc bang s6 ctia [SH2]

Khai niém pH cta Henderson -Hasselbalch

Th 7.6): N Hil=K
€0 (7.6) [base ] Kg [SHT] ’ [base ]

Trong thuc t€, thay vi st dung [HY] cia dung mdéi  nguoi ta st dung - Ig[HY

= pH goi la thé hydrogen ctia dung moi hay la pH.

pH = pK. + Ig
[acid]j

(7.11)

Khéai niém pH dugc Henderson - Hasselbalch dé cap khi thwc hién chi trong
dung mdi nwéc sé dugc tdng quat hoa cho moi dung mdi mién 1a dung moi nay

phan ly gidbng nhw nuéc.

DPinh luat tac dong vé khéi lwvong dién ta theo hoat dd cht khong phai theo

nong do va pH tuong ng v&i hoat do cia H* trong dung moi.
2.5.1. Thay do6i pH theo acid hay theo base

Hang so' ion hoa dugc tudn theo trong dung mdi tinh khiét va trong cac

dung dich:

- NEu nuéc tinh khiét, mot phan t dung mdi khi phan ly phéng thich 1

10H-.
- [H]=[OH] =10 dovay pH cta nuoc tinh khiét la 7.

va

- Néu trong nuwéc c6 acid thi sé co chuyén tlr acid vao nwéc nghta la co xudt
hién nhirng ion phu. Do vay [HgOY] hay [HY] > 10 va pH <7, nongdd acid

cang I6n thi pH cang nhé.

- Nguoc lai, khi cho 1 base vao nwoc, base nay bi phan ly tao OH' va vi

= [H1 [OH-] nén [OH ] tang thi [H"] phai gidm. Do vay [H"i
pH> 7.
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1.1.1. Bbuwong cong pH

pH
1-0,00365mg p. 1.000 = N/10'
-0,0365mg p, 1.000 = N/10«
,365mg p. 1,000 = N/10~
3.65mg p, 1,000 = N/10“
36,5mg p. 1.000
B\l
HCI dam dac
Hinh 7.1. pH theo sw pha lodng dung dich HCI Hinh 7.2. pH bién thién theo su pha lodng
(3<pH<7) dung dich HCI(0<pH<7)

Céc duong cong nay minh hoa sw bién d6i pH theo [HY] clia mdi trudng tinh
bang ion cho phép hiéu rang :

- Khi pH thay déi 1 don vi thi [H"J thay doi 10 1an (hinh 7.1).

- 0 vung pH nhd (khodng 0 - 2). [HY thay doi nhiéu ma pH thay déi khong
dang ké. Nguoc lai khi tién gan dén suv trung hoa, [HY] chénh léch it cling lam pH
thay déi nliéu (hinh 7.2).

2.5.3. Thay d6i pH theo nhiét do

Bang 7.2. Bién d6i gia tri pH cla nwéc theo nhiét do
Nhiét do (°C) 0 15 23 30 37

pH 7,45 7,12 7,00 6,86 6,65

Chuy : bién doi nay rat quan trong nhat la trong Iinh vuc sinh hoc. Gia tri pH
binh thuworng cia méau do dugc O37“C; 7,35 <pH < 7,45. Do vay, khi do phai ké dén
sai s khi thay doi nhiét do.

2.6. YEu td bén ngoai &nh hwdng dén tinh acid va tinh base

2.6.1. Phat hién tinh acid va xac dinh lvc acid clia chéat tan

Hoa acid HA vao dung méi nao d6 c6  hoat dong. Néu dung mdi c6 khad nang
nhan H™ cda acid cang cao thi cang dé phat hién dwoc lvc acid cta chdt tan HA.

Thidu:
HCI yéu trong dung mbi acid acetic nhwng HCI manh trong pyridin vi pyridin
c6 khd ndng nhan  tir HCI cao hon khad nang nhan  cla acid acetic.

Acid acetic CH3COOH + CHgCOOH"
Pyridin C,H,N + H" CaH.NH"?
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Nhv vay, dung m6i c¢6 khd nang nhan cang cao (co tinh base) thi can bang
cla 2 phuong trinh trén cang dich sang phai :  cang lén = pKa cang nhd  acid
cang manh.

Trong cac dung moi co6 tinh acid thi luc cla cac chat hoa tan la base yéu s&
tdang Ién va nhiéu base yéu lai tr& thanh base manh (giai thich twong tw cho dung
moi cd tinh base).

Thi du:

Acid formic - la dung méi it c6 tinh base hon nuéc —vi la acid nén kha nang
nhan  yéu, khé phat hién tinh acid = HCI trong acid formic la 1 acid yéu.

Nguoc lai formamid cé tinh base nhiéu hon nwéc - vi la base nén phat hién
tinh acid tot hon. Vi vay acid acetic yéu trong nu6c lai dwgc coi nhuw la 1 acid manh
trong formamid.

2.6". Phat hién tinh base va xac dinh lyc base cta chat tan

Mot dung mdi cho la vi khd nang nhan clia n6 yéu hon kha nang nhan

clia base hoa tan. Su khac biét kha nang nhén clia dung moi va chét tan
base cang Ién thi tinh chat base cda chét tan cang cao.

Thidu:

Amin, alcaloid dwvoc coi nhv la base manh trong acid formic (hoac trong acid
acetic khan) nhwng la base yéu trong nuéc.

wré coi nhv la base manh trong acid chloracetic va yéu trong acid acetic vi
acid chloracetic c6 kha nang nhan thap hon kha nang nhan  cla acid acetic.

2.6.3. Tinh twvong doi cta khai niém acid-base

Mot chat c6 thé la 1 acid hay base tuy theo dung méi ma né dwoc hoa tan:
trong dung méi cd kha nang nhan manh thi chat tan nhuwong proton va duoc
coi la acid. Nguoc lai, trong dung méi acid (cho proton) thi chat tan cé thé nhan
proton va dugc coi la base.

- Thi du 1: Alcaloid 1a mot base yéu khi hoa vao nwéc nhwng lai l1a base manh
khi hoa vao acid acetic khan.

HCI HCOOH HO N-B NaOH
acid base
Kh& nang cho H* tang dan Kha nang nhan  tang dan

Hinh 7.3. Thang biéu dién kha n&ng cho va nhan H*clia mot s6 dung moi
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- Thi du 2: HCI ludn ludn la 1 acid trong dung mo6i acid formic (HCOOH) vi
kha nang cho  16n hon cia dung méi nhung nwoc trong acid formic luén luén la
1 base vi nwéc nhan clia dung moi.

HCI HCOOH H.0 NH,; NaOH

acid base

Hinh 7.4. Tinh acid ctia HCI va nuéc trong dung mdi HCOOH
Thi du 3: 1Qii dung mdi la amoniac thi nu6c lai la 1 acid
HCI HCOOH HNO NH: NaOH

acid base
Hinh 7.5. Tinh acid ctia HCI va nwdc trong dung méi NH3
Nhu vay:

- Dung moi nhén manh nhdt (c6 tinh base manh) thi cac chat tan s&
ia acid.

- Ehmg moéi cho tot nhat (co trih acid manh) thi cac chéat khao sat sé la
base.
2.7. Lién quan gilra pH va pK,

2.7.1. C6ng thirc tdng quat: theo (7.11)

pH=pK, +1glb~*

[acid ]

Pay la cong thirc c6 thé dung trong moi tinh huéng. Nhwng trong nhiéu truong
hOp nguoi ta c6 thé dung cac cong thirc gan dung, nhat la dé tinh pH cla dung dich
acid hay base da biét duwgc pKg.

2.77. Cong thirc gan dang détinh gia tripH

Cac cong thirc nay chi co gia tri doi voi nhirng chat phan ly H" yéu trong dung
moi phan ly khao sat.

bat cac ky hiéu; HA: acid manh; B: base manh; Ha: acid yéu; b: base yéu.

e pH cla 1acidyéu

Cho 1 acid yéu Ha, néng do ban dau la c trong dung mdi nuéc:

Acid phan ly trng phan theo phwong trinh: Ha & + a“
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Hang s8'ion hod cla phwdng trinh trén la

K,=IM1H (7.12)
[Hal
Nuwéc ion hoa theo phuong trinh: H"o & + OH'
ma [HN][OH]= = 10m"” Vay c6 hai can bang sau :
c= [Ha] + [al (7.13)
[HA] = [H1[HnH,O + [HIHa (7.14)

- Theo (7.13): trong nhitng phan tlr Ha cho vao dau tién cé cac phan tir khong
phan ly: néng dd la [Ha]; 1 sO phan tir khac bi phan ly dé cho a“: néng do la [a"].

-Theo (7.14): H" la cua:

Hodc nhitng phan tir nwéc bi phan ly ([Hii o)
Hoac nhitng phan ti acid bi phan ly ([H)jja)

Cé 2 woc lvong sau;

- Ha xem nhv la acid du yéu (nghia la kém phan ly)dé 6" phanttrbi phan ly
c6 thé bd qua so véi s6' phan tl khong phan ly. Nhw vay,cé thé bd [a“ftrong (7.13)
va Viét:

c = [Ha] + [al « [Ha]

- $3"H* do nwdc phan ly xem nhw ¢ thé bd qua so vai s8'  trong (7.14) do acid
phan ly (gia st acid khong qua yéu). Do vay, c6 thé bd [HJpl 0 so vai va
Viét:

[H1 = [H"]h"o + [HIH .«[a1
(do moi phan tr Ha bi phan ly giai phong aT dong thoi voi HA.
Két qua: (7.12) duoc viét:

K.= 1ilJl hay [H]*=KC
C

Viét theo khai niém p: pH = 1/2pK,, - 1/21g c
e pH cua mudi cta acid manh va base yéu
Mot acid manh phan (ng vé6i base yéu tao nén mot muoi:
HA + b A bHAA! (7.15)
A la base lién hOp v6i acid manh HA nén c6 lwc coi nhuw bi bé qua, coi nhu la
bang khéng. Nhu"vay base nay khéng phan tng duwoc voi bH” va phuong trinh
(7.15) khdng céan bang.
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Mudi bHMA  khi cho vao dung mdi phan ly c6 thé xem nhuw bi phan ly

hoan toan.
bH" A- A bH" + A-

Trong dvmg dich Iic nay con acid bH" c6 luc that s (nhwng cling chi la mét
acid yéu do lién hOp v8i 1 base yéu) c6 nbng dod ¢ (tinh bang mol/1) cla mudi va
1 base A“ (c6 luc = 0). Nhw vay chi la dvmg dich acid yéu va duwoc tinh theo cong
thirc tinh pH cta dung dich acid yéu:

pH = 1/2pK, - 1/21gc

« pH clia mot base yéu

Khi ap dung cho 1 dung dich nwéc cla base b (ndng do dau = c) c6 thé suy luan
giéng nhu tredng hOp pH cta 1 acid yéu. Phuong trinh dién ta sw phéan ly cta base
va nuoc:

b+ HoO iT OH- + bH" ; H,0 + OR-

bH* b+  vahangsc ionhod K,=
[bH" 1

Nguoi ta ¢ :
c=1[b] + [bH1 ; [0 H-] = [OH-]h"0o+ [0 H1.,.
Dé tinh gan dung, nguwoi ta cd : c¢= [b] + [bH] ~ [b]
[0 H-] = [OH-]h"0 + [OH-],,. [0 H], = [bH1

Biéu thic

[OH] Ke
Viét theo khai niém pH thi: pH=7+ —pK, + - logc

e pH cta mudi cia mot acid yéu va base manh

Mudi nay tao thanh theo phan tng: Ha + B BH" + a”

Giohg nhv moi trvong hOp khac, khi hoa tan hoan toan mudi nay bi phan ly
thanh BH" va a'.

BH* la acid lién hOp véi 1 base manh B nén coi nhu acid cé lvc bé qua.

Base a' lién hOp v6i mot acid yéu Ha duwoc coi nhu 1 base ¢ luc that su (cling
chi 1a mot base yéu), trong dung dich chi c6 moi base a' 1a cd luc that su.
Dung dich base a“thé hién la base yéu pH > 7 rat rd rang.
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Nhu vay chi la dung dich base yéu va tinh theo pH cta dung dich base yéu:
pH=7+" pK,+1 logc

Thidu : dung dich mudi kali carbonat, natri borat.

Chu y : Dungm6i H20 bi thay phan thanh OH~ va H*, sé phan ng voi a
tao Ha nghia la a~dugc phan tlr hoa (molarisation) tré lai béiw cla dung moi.

a" + H20O ~ Ha + OH-
e pH cla mubi cta acid yéu va base yéu
Mudi nay phan ly hoan toan trong dung dich gi6hg voi treong hOp trudc:
b + Ha » bHa -> bH" + a"

bH” (lién hOp vai base yéu b ban dau) la acid c6 luc that sv du chi la acid yéu.

a“ (lien hOp v6i Ha ban dau) la base co luc that sy du chi la base yéu.

Nhu vay lic nay dung dich chira dong thoi mot acid yéu va mot base yéu va cac
chat nay phan ¢ng véi dung moi nhu sau:

a'+SH S*“+HavaviHa+H,0 a"+HoO"nénK, = ]

bH"+SH " SH/ + b voi (vibH" + H2O *h +H30") va
[bH+]

SH + SH tT SH*+S*
Hang so'ion hoa ctia dung méi Ki = [SH”2] [¥] duoc tuan theo.
Hai hang s3*K3va khong doc lap vi nong do [HY] tim thdy trong ca hai
phuong trinh. Va do vay co thé lién két thanh mot biéu thic duy nhat:
(7.16)
[Hal[bH+]
Néu mudi trong dung dich ¢ néng do ¢ thi :
c = [bH1 + [b]
c=1Jal + [Ha]
& day can minh hoa mot wéc lvong phu nhu sau:
Gia st acid bH" va base a“bi phan ly theo ti 1é rat gan, thi [b] w[Ha]
va & diéu kién nay: [bHN] = c- [b] va [sT] =c - [Ha]. Do vay [bH"] a [a].
Phuong trinh (7.16) dwgc don gian hoé : KK,,h" hay

pH=ipK .+ ipK~?,*
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2.7.3. Két qua thuc nghiém cta khao sat lién quan gitta pH va pK
- Su dich chuyén twong ho gilta acid va base: mot acid manh du6i mét acid yéu
tir mudi clia né va mot base manh dudi mot base yéu ra khdi mudi cta noé.
Thidu:
HCI + CgH"COONa ~ CeH"COOH + NaCl
NaOH + NH.CI # NH3+ H20 + NaCl
Hién tvOng nay dwoc mo6 td nhw sau: mubi bi phan ly hoan toan trong dung
dich va céac ion dwoc phong thich phai thda man duOc nhitng can bang lién quan
dén hoac acid hodc base yéu twong itog.
Thi du: Mudi bi phéan ly thanh B + Ha va Ha bi phan ly thanh +a“
thi gia tri ca hang sdion hoa  phai tuan theo
HA+a-(M) Ha+A'vV6i K, =
[Hel
Khi thém 1 acid manh HA, acid nay bi phan ly hoan toan sé lam tang [H*] va
gilt nguvén  duoc ia do a~cua mudi bi phan ly sé két hOp véi  cua acid manh
HA dé tao nén phan tr Ha. Nhu vay diéu nay sé duwa trd lai sw lui ion hoa
(reculisation) acid Ha.

2.8. Nhirng chd*t lvdng tinh / dung méi phan ly
2.8.1. Binh nghfia
Chét lugng tinh (ampholyte = amphotere) la chat cung lic ¢ thé coi nhu vira

la 1 acid vira la 1 base, thi du nhw nwdc. Ngoai ra cling con nhiéu kiéu chat luwdng
taih khac nhu:

- Cé&c anion c6 (1a dan chét cta polyacid): carbonat acid HCO3, phosphat
H2 04 vaHPOI.

- Céac hydroxyd kim loai: Zn(0 H)2, A1(0 H)3.

- Céac phan ti¢ hiru co mang cung lac nhirng nhém cho HY -COOH, -SO3H,
phenol va nhi*rng nhém nhan amin.

Nhitng chat dwoc biét nhiéu nhat la cac a - amino acid NH2CHR-COOH ma
tdm quan trong sinh hoc rdt l6n. Chat don gidn nhdt la acid aminoacetic hay
glycin. Ngoai ra cling con nhiéu phan tr nhu acid para-aminobenzoic va nhirng
dan xudt sulfonic nhw taurin (NH2CH2CH2-SO3H) st dung nhiéu trong
nganh Duorc.
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2.8.2. Tinh chéat ctia chat lvdng tinh

Mot chét luéng tinh co6 thé’ dugc xac dinh bang 2 hang s6 K3l va Ka2twong (ng
vOi tinh chat acid va tinh chéat base. Dé danh dau sv lién quan cla 2 tinh chat
nay, chat lwdng tinh dwoc tvong treng béi HAB (HAB viét hoa khong biéu thi gi vé
Iwc acid hay lyc base).

e Tinh acid cla chat ludng tinh
Can bang HAB + SH i;; SHo +BA"twong rng (rng v6i cap HAB / BA®.

Nguwoi ta dinh nghfa hiang s8' Ka cta HAB nhu sau:

~ o _ [H'][HAB]  [SHM][BA-]
[HABH"] [HAB]

Thidu: Glycine NH2CHg COOH (tinh acid) c6 thé phan (ng voéi nudc theo:

NH2CH2COOH + H20 I NH, CHg C00*“+ H30"

A [HaOMNINHACHsSCOQ-]
[NH2CH2COOH)]
e Tinh base clia chat ludng tinh
Chét lvdng tinh HAB phan (*ng vdi dung mdi theo phwong trinh:
HAB+ SH i; S‘+ HABH"
Vay, cdp acid va base HABH”/ HAB c6 hang 3" Ka2 Ia:
A A [HM[HAB] ~ [S-][HABHN
[HABH+] [HAB][SH-]

Lay lai thi du cla glycine (tinh base) c6 thé tac dong véi nuoc theo:

NH2CH2COOH + H20 ii NHgTHgCOOH"OH-
A A [HAN[NH2CH2CQoO H]

[NH3*CH2C0 0 H]
Cha y: Trong trwedng hOp cta nhiéu mudi, hang s6 duoc xac dinh gidng voi
hang s6
e Lién quangitra hai tinh chat
Giéng nhv trudng hOp 1 mudi clia acid yéu va base yéu, tinh chat acid va base
cung c6 mat trong cung mot dung dich va khéng khao sat ching mot cach déc lap.

Xét mot hang s6’méi 1a hang s6' ctia hai hdang s6 truoc:

K K ~ [HA][BA~1~[HA][HAB]

[HABJ [HABH+]
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Sau khi don gidn hod, phuting trinh tré thanh:

K K,, = IH"tBA-] (7.19)
' [HABHAI
pK + pK = 2pH - 0.20)
[HABH"]

a) pH déng dién (pHj)

La pH ma 6 dé dung dich chtra ]= [BA]. Gia tri pH nay dé suy ra tir
phuong trinh (7.20) vi khi phan t& tht hai Ig_LEi® L triét tiéu thi
[HABHAI

pH-1/2 pK" +1/2pK,.~
Khi dé neu pH < pH,, ion HABH" chiém wu thé vi theo(3.7.a) néu pH giam thi
[H"] tdng va luc dé [BA"] phai gidm va [HABH"] tang.
Nguoc lai, pH> pHi thi ion BA“chiém nhiéu hon.
Cha y :cong thtec tinh pH danh cho pH dang dién gidng vbéicdng thirc tinh  pH
gan dung cho dung dich mudi clla mot acid yéu va base yéu vi & pH, thi dung dich
chira cung néng do acid va base (giébng nhu tredng hOp clla moét mudi bHa~).

b) Amphion
H.N [l [l
R R
Dang khong proton hoa Dang zwitterion chd yéu
rat it cing c6 mat trong dung dich trong dung dich

La nhiing chéat lwdng tinh c6 hai nhém chic kiéu acid amin. ¢ pH dang dién,
dung dich chd yéu khéng nhirng chra cac dang NHg™CHoCOOH va NHaCHgCOOQ'
ma con chka nhitng ion dong thoi mang dién tich duong va dién tich am:
NH3*CH2Co0 0 . lon nay goi la amphion hay zwitterion.

c) pH cua dung dich lwéng tinh

Theo phwong trinh (7.11) pH phu thudc vao ndng dd ctia moéi mot trong hai ion
acid va base. Do vay luat trung hoa dién tich chirng t6 rang du phan ¢ng phan ly
san sinh mot hay nhiéu chét dién ly, phan ¢ng van trung hoa dién. Biéu thirc t6ng
quat la:

z dién tich am =z dién tich dwong
Trong d6 tat cad anion va cation bi phéng thich déu can thiép vao.
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Trong treong hOp hién tai, tr nhirng phwong trinh;
HAB+ SH -> sH2+BA~ (dung méi la base)
HAB+ SH -> s~+ HABH" (dung méi la acid)
c thé viét: [HABH"] + [SH2 =[S"] + [BAl (luat trung hoa dién tich)
hoac: [BAl1 = [HABH1 + [SH2 - [S'] (7.22)
Nong do [Sii2] va [S‘] khéng qua quan trong vi phai tuan theo can bing twong
d6i clia dung méi va hang s8'ion hoa ctia dung méi Ki: 2SH ~ S"+s H2
MOt chat lwdng tinh co tinh chéat acid hodc base nhiéu hay it hon do phu thudc
vao pH cua dung dich sé tim thdy mot gia tri gan véi
Thidu. trong nwéc pH nay thwong la 7 + 3 twong (*ng voi gia tri:
khi pH = 4thi [H30I1 = 10“va [0H-] = 10**°
khi pH = 10 thi [H30'"] = 10**° va [OH-] = 10-"
Nong do [BA-] va [HABH"] thuong >10-* va < 10-".
Trong (7.21) c6 thé bd qua hiéu s6 clia [SH2l - [SI va viét [BAl « [HABH”
Nhuv vay, pH clia dung dich la: pH= 1/2 pK?i + 1/2pK~2* pHi
Trong thuc té, cong thirc nay chi ding trong pham vi hep clia cac acid amin.

3. Sy TRUNG HOA ACID - BASE

3.1. binh nghfa

Sw trung hoa la mot thao tac cd ban trong phan tich dinh lugng dé xac dinh
ndng do cta dung dich acid hay base. IChi X ml dung dich acid duoc trung hoa bang
Y ml dung dich base va khi da biét ndng do chinh xac ctia mét trong hai dung dich
thi dé dang suy ra nong do ctia chat con lai. Diém twong dwong duoc danh gia bang
cach quan sat sv bién doi ndong do acid hay base khi tién gan dén su trung hoa.

3.2. Phuong phap danh gia diém tvong duvong

C6 hai khad nang danh gia, chd yéu la dung chi thi mang mau va chi thi
dién thé.

3.2.1. Chithi mang mau

Chi thi mang mau la chat cho vao dung dich dé dé dang nhan biét duoc diém
két thic cla phan ng khi thdy sy thay doi mau.

Theo Kolthoff (1926): “Chi thi pH la nhitng acid hay base yéu ma dang ion clia
no co cdu trac va mau sic khac biét voi dang khdng bi ion hoa”.
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Thuan loi: Khi thém mot lugng nhd cua chat chi thi nay vao dung dich duoc
dinh lvong thi mau cta chi thi bién doi tic thi gitra hai gia tri pH nao do.

Thi du: Phtaleine chi ¢c6 mot cau trdc phan t&¢ nén khéng mau trong moi
trwong acid (hinh 7.6), con trong méi trwong kiém (pH = 8,3 - 10) n6 cé nhiéu
dang dong phan duéi dang ion nén xuat hién mau (hinh 7.7).

Hinh 7.6. Dang lacton khéng mau trong mai trwdng trung tinh hay acid (a)

0 0

coo '‘CO0O

c d

Hinh 7.7. Dang quinon cua phtalein c6 mau trong maéi treong kiém (b,c,d)

Hinh 7.8. Dang phenat cla phtaleine khéng mau
c6 thé thay dwoc trong moi treong qua kiém.

Nhitng chat dwQc st dung lam chi thi dau tién la nhirng chat mau thuc vat nhw
cac anthocyan. Hién nay cé nhiéu chi thi mau tong hOp.

3.3.2. Coché déi mau cua chi thi

Cé4u tric electron ctia mot hOp chat hitu co ¢ thé thay d6i bang cach thém hay
mat di mot H* hay mot nhom OH “:
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Qua thi du tj'en, c thé khang dinh rdng nhitng chi thi nay chi yéu Ia nhitng
hé thong cho hay nhéan

Nhi*ng chi thi theo pH trong day sau (bang 7.3) cho
nhirtng dang dong phan quang hoc (vong thom). Quan
trong nhat la:

- Phtalein; phenolphtalein, thymolphtalein ...

- Sutfon phtalein: thymol-sulfon phtalein,
phenol-sulfon phtalein, bromophenol-sulfon phtalein.  Hinh 7.9. Sulfon phtalein
aiinh7.9).

- Cac azoic nhuv Helianthin. (hinh 7.10).

H Gy OH
-N=N- -S-OH N= N-N=
C

'OH
HXC 0 o Hs
Hinh 7.10. Cac azoic

Trong méi trudng acid: dung dich azoic c6 mau dé vi hai dang déng phan co
duoc do proton hoa nito amin.

Trong mdi treong kiém: dung dich azoic c6 mau vang vi con ¢ mot loat nhirng
n6i ddi lién hOp nhwng c6 nhiéu kha nang hay tai chd nhitng ndi ddi nay.

- Dan chét anthraquinon (alizarin sulfonat Natri). Nitrophenol (hinh 7.11).

OH 0} 0

\
0 0 0}

Hinh 7.11. Nitrophenol mau vang trong méi trwdrng acid va doé trong kiém

Thong thwdng, dé€’ co thé sir dung thi mau sac hay chuyén déi thuan nghich.
3.2.3. Vung chuyén mau cta chi thi mau trong moi truong nwéc

& mot pH nhat dinh, khoéng co6 chi thi mang mau nao thay déi mau dot ngot. Su
thay doi nay xay ra gira 2 pH dé xac dinh ving chuyén mau hay khoang d6i mau.
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Bang 7.3. pH va vung chuyén mau ctia mot vai chi thi

Tén chithi mau Mau Mau pH cua viung chuyén mau
Xanh thymol do vang 1,2 2,8
Xanh bromophenol vang xanh 3.0 4.6
Methyldacam (Helianthin) do vang 31 44
Xanh (1a) bromcKiresol vang xanh 38 5.4
Dd methyl do vang 4.4 6.0
Tim bromocresol vang tim 5.2 6,8
Xanh bromothymol vang xanh 6,0 7,6
Da phenol vang do 6,8 8,0
Do cresol vang do 7,0 838
Xanh thymol vang xanh 8.0 9,6
Cresolphtalein khéng mau do 8,2 9.8
Phenolphtalein khong mau ] do 8.3 10

Néu goi chi thi mang mau & dang acid la la, chi thi dang base la Ib, thi:
H20 + la - Ib + H30" vdi la=HlIb

& d6 co can bang l1a Ka= A

hoac pH = pK, + Igilel khi Pb]=[1J ;pH- pK~?
Hal

Khi pH= pK” thi mau s&c cla chét chi thi dwoc phan chia gitra hai dang, lic do
mau s&c clia n6 nhay nhét.

Du cho pH la bao nhiéu, cling c6 thé viét: IglLJ= pH- pK»

[11
« NéupH =(pKa+1) thi IgliB]=1 va ilal=10
(lal [la)
Pb] “ 10 [1J. Luc nay trong thwc t€ mau clia dung dich la mau cua

dang base.
e Néu pH = (pKa - 1) thi logiial=-1 va llal= 0,1
ila] [1al
=> [Ib] = — [la} Lac nay trong thuc té, mau cla dung dich la mau cua
dang acid.
Do vay: gi6i han cla vlung chuyén mau cua chi thi khoang: pH = pK,, * 1.

Néu dung chi thi cho chudn d® ma vung déi mau khéng nam trong ving thay
doi dot ngot clia pH thi sé dan dén sai s6 vi khd nhan biét.
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3.2.4. Chon chi thi mau trong phvong phap - acid base

Thi du: khi trung hoa HCI IN bdi NaOH IN thi lic t¢i diém twong dwong ving
pH thay doi dot ngot rat rong, pH tr 3 11. Do dd ¢ thé lwa chon mot 5" chat chi

thi nhu sau:
Chi thi pH cla viung chuyén mau
- Helianthin 3,1-N 44
- Giay quy gan vung trung tinh
- Phenolphtalein tr 8,3 -> 10

Néu trimg hoa mét base yéu bang mot acid manh hay trung hoa mot base
manh bdi mot aclri yéu thi khoang pH thay doi dot ngot sé bi giam di.

« Chuy:

- Khi dinh lvgng, néu khoang pH chuyén mau cla chi thi cang nhd thi sw
chuyén mau cang rd, khoang nay thwong la hai don vl pH.

- Nguoc lai trong treong hOp do mau theo pH: néu sw chuyén mau cang tri ra
mot viing pH 16n thi phép do cang dé thuc hién. Thi du: xanh bromothymol chuyén
mau vang é pH = 5.8; vang luc & pH = 6,2; xanh 14 & pH = 7; xanh dwong 6 pH = 8.

a) Chi thi c6 thé str dung trong nhitng ving pH quéa cao hay qua thap

Cac loai chi thi nay cho phép thuc hién khi nong do acid hay base I6n. Cha yéu
lién quan dén cac phép phan tich dinh luvong.

Thidu: mdi treong acid c6 ndng dd hodac pH khac nhau tim tinh thé sé c6 mau

khéac nhau:

trong dung dich tim tinh thé cdmau  trong dung dich tim tinh thé c6 mau
acid manh 5N vang pH =1 xanh duwong

acid 2N xanh la pH =2 tim

acid 0,3N - 0,5N duong luc

Nguoc lai trong moi truong rat kiem & pH = 12, tropeoline chuyén mau vang
-> d6 gach.

b) Chi thi hon hOp

Nguyén tic: khi thém vao mot mau ho trQ sé lam thay d6i su chuyén mau cua
chi thi chinh.
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Thidu:
e Chi thi Tashiri
- Dung dich A -Xanh methyien 1%/ EtOH 25ml (mau ho tro)
- B6 methylen 1% /EtOH 100mI
-Diéu ché chi thi Tashiri: dung dich A: 100 ml; EtOH: 100 ml; nwéc: 200 ml.
Thém NaOH lodng déd khi mat mau do;
& pH tlr 5,45 5,50 mau hong —mxanh la. Chi thi nay thich hOp dé dinh luvong
amoniac.
« Chithi hon hOp hai phtaiein
- Phenolphtalein 1%/ EtOH 50% 20 ml
- Naphtolphtalein 1%/ EtOH 50% 10 ml
& pH tr 9,6 9,7, mau tlr hong  tim. Chi thi nay thich hOp dé dinh lwvong
chtrc acid th(v hai ctia acid phosphoric.

37.5. Nong do chi thi mau dwoc st dung

Tt hang s6 Ka= A A
{lal Ual [H"]
Tuy theo chi thi chi c6 mo6t dang c¢c6 mau (phtalein) hay 2 dang c6 mau
(helianthin).

e Trwong hOp chi thi c6 mdét nhém mang mau (monochrom)

Thidu: phenolphtalein Pb] mau dpva [IJ khéng mau. [Ib] = Frﬁx[”

& pH da cho: néu ndng dd cua chi thi d dang khong mau [I1J cang I6n thi khi
thay déi pH, sw chuyén mau cta chi thi cang dé thdy = wu diém: c6 thé cho 1
ivgng twong dol 16n chat chi thi.

Thuong thwong chi dung dung dich chi thi 2-3% (khoang 10 mg) dé tranh
treong hop chat chi thi cb thé tiéu thu nhiéu thudc thtr chuan do.

e« Trwong hOp chi thi c6 nhiéu nhém mang mau (polychrom)
Thidu: helianthin [IJ mau dé va [lg] mau vang.
& 1 pH xac dinh, thanh phan cla hai dang mau nay khéng déi. Do vay khi cho

1 lwgng thira chat chi thi cling sé khong lam bién doi ty 1é ~ va lai cang khoé thay
la

chuyén mau nén khong cb loi.
Trong thuc hanh, thwong thém 1 giot dung dich 2% (khoang 0,1 mg va la 100
lan it hon treong hOp thém phenolphtalein).
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3.3. Trung hoa mot acid manh HA bang base manh B

3.3.1, Bién doipH (Sw bién thién ctua pH trong qua trinh chuan do)

Sy trung hoa dung dich HCI bang dung dich NaOH véi ciing thé tich, cling
nong do cho thay sw bién doi nhw sau:

- Lac bat dau : dung dich chi co acid HA. Goi ¢ |4 ndng do cta dung dich acid

HA bi phan Iv hoan toan thi [HY] = ¢ hoac pH =g r

- Trong lGc chudn do: hon hOp ltc nay gdbm mot dung dich acid HA chua bi
trung hoa va mudi BHA do acid bi trung hoa.

Vi mudi BHA c6 pH giong pH cta nudc tinh khiét nén hon hOp nay cudi cing
c6 thé xem nhw la mot dung dich acid HA c¢d ndng do giam dan. pH duoc tinh theo
thé tich clia dung dich acid con lai.

- Tai diém tuvong dwong: hon hOp c6 duQc 1a dung dich ctia mudi BHA, pH = 7.

3.3.2. Thidu cu thé (trung hoa bang dung dich chudn N)

Trung hoa 100 ml HCI IN bang NaOH IN. Khao sat sy bién ddi va tinh [HY,
pH trong ca hai trvong hOp khong ké s pha lodng va c6 ké sv pha loédng.

I00Oml HCI 0,1IN duoc dinh luong bdng NaOH 0,1N

Piém tuong duong
pH=7

Vung kiém

0 20 40 60 80 100 120 140 160 180 200
\K(H M
Hinh 7.12. Buwéc nhay pH Hinh 7.13. Trung hoa acid manh (0,1 N) bang
base manh (0,1 N)

Nhan xét: (trvong hOp c6 tinh dén sy pha loang)

- Nho tlr 0- 90ml NaOH IN vao: pH bién d6i cham (tv 0-> 1,3);

- Nhd tlr 90 - 99ml NaOH IN vao: pH bién ddi nhanh hon (tr 1,3 -> 2,3);

- Nho tlr 99 - 99,9ml NaOH IN vao: pH bién doi rat nhanh (tr 2,3  3,3);

- Nho tr 99,9 - 100ml NaOH IN vao: (khoadng 2 giot = 0,Iml): pH bién doi dot
ngdt (tr 3,3 ->7); ApH = 3,7.

- Khi thém vao mét lugng rat nhd NaOH IN (khoang 1 giot), pH tang rat
nhanh tir 7 -> 10,7 ; ApH = 3,7.
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Giai:
Bang 7.4. Bién déi [H*] va pH khi trung hoa 100ml HCI1IN bdng NaOH 1N
base acid tinh acid cta dung dich
the(r:1n I\)/ao con IIe_u [HY pH [H*] pH
(m) khong ké su pha loédng c6 ké s pha loéng
0 100 1 0 1 0
50 50 5.10" 0.3 3,33. 10 0.5
90 10 1.10- 1 5,27 102 13
99 1 1.10" 2 5,03.10-' 2,3
99,9 0.1 1.10- 3 5,01.10-" 3.3
100 0 1.10-' 7 ApH=8  1.10-" 7+« ApH=74
100,1 thiraf 0,1 1.10-" 1 2.10' 10,7,
101 base\ 1 1.10-A 12 2.10-'~ 11,7

Q Nhu vay khi trung hoa mot acid manh bang mot base manh sé& c6 mot bién doi
pH dot ngdt 6 can diém twvong dwon?. Khao sat dwong cong chuan do sé thay diém
twong dwong tvong ng voi diém udh.

3.3.3. Anh hwéng cta ndng do acid

Khi trung hoa dung dich HCI bang dung dich NaOH c6 néng dd lodng hon
trong hOp trén thi sé thdy khoang bién déi pH dot ngdt thu ngén lai.

Thidu cu thé: Trung hoa 100 roi HCI 0,1N bang NaOH 0,1N. Khao sat su bién
doi va tinh [HY], pH trong ca hai truong hOp khong ké si pha lodng va cé ké su pha
lodng.

Ehiong cong chuan do thu dwoc giong trvong hOp trén véi sw chénh léch mot
don vl pH. Két qua la s bién doi pH & can diém twvong dwong ludn nhanh nhung
bao phi mét vung pH nhé hon : ApH = 5,4. (bang 7.5, hinh 7.14, 7.15)

Bang 7.5. Bién ddi [H*] va pH khi chudn d® HCI 0,1N bdng NaOH 0,1N

base acid tinh acid ctia dung dich
théem vao (ml) con lai [HI pH [H1 pH
(mi) khong ké su pha loang c6 ké su pha lodng

0 100 1.10" 1 1.10-’ 1
50 50 5.10™ 1,3 3,33. 102 15
90 10 1.10-2 2 5,27.10-3 2,3
99 1 1.10» 3 5,03.10-" 3,3
99,9 0,1 1.10™ 41 5,01.10-" 431
100 0 1.10™ 7 “ApH=6 1.10- 7,0 "ApH =54
100,1 thra ' 0,1 110-° loJ 2.10-° 9,7-
101 base - 1 1.10-" 11 2 107 10,7
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pH 14 100ml NaOH 0,1N dinh lvong bang HCI 0,1N

12
10

8 DPiém tuong duong
5 pH = 7,00

4

2

100mI HCI 0.1N dinh lwvong b&ng NaOH 0,1IN ...
0 20 40 60 80 100 120 140 160 180

‘NaOH (HCI) (ml)

Hinh 7.14. Trung hoa acid manh (0,1 N)
bang base manh (0,1N) hodc nguoc lai

100ml HCI (ndng dé c) dwoc dinh lvgng bdng NaOH (c)

pH 14-
b) c=01 ((32))
(3) C=0,01 (19
(4) c=0,001
Diém tuong duong
pH = 7,00
0 20 40 60 80 100 120 140 160 180

V/AaOH (ml)

Hinh 7.15. Trung hoa acid manh (c) bang base
manh (c) véi cac nong dé khac nhau

3.3.4. Anh hudng clia ban chat acid manh

& cling ndng do, dwong cong chuan do cla cac acid manh khac nhau nhw HCI,
H2504 lai gibng nhau vi nhitng acid nay phan ly hoan toan.

3.4. Trung hoa modt base manh B béng mot acid manh HA

Budng cong chuan do cla treong hOp nay sé doi xirng voi treong hOp trung hoa
mot acid manh HA bang mét base manh B va bién déi pH ciing dwoc quan sat gan

diém tuong duong.

3.5. Trung hoa mdt acid yéu bang mot base manh B

3.5.1. Bién déi pH

Sv trung hoa dung dich CHgCOOH (Ha) bang dung dich NaOH véi cung thé
tich, cing ndng do cho thay suv bién doi nhu sau:

- LGc bat dau : dung dich chi c6 acid yéu. Goi ¢ la nbng do ban dau cla dung

dich Ha.

pH duoc tinh theo cong thirc tong quat: pH = - pKa- - log c

- Trong lic chudn d6: hén hOp gbm mot dung dich acid Ha chwabi trung hoa
va mudi BHa do acid bi trung hoa, nghia la mét dungdich acid Ha (ndbng ddgiam
dan) va base lién hOp [a“] (n6ng dd tang dan).

NOng do [Ha] va [a'] lién quan bédi cong thic ;
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I"MIrM aa. pH=pKa+log!” (7.22)
Ha tia

Tinh [a"], xét c&c phuwong trinh:
+ a" (phan ly hoan toan)

a- +H,0 OH- + Ha
Ha H" +a-
H,0 H" + OH-
Co thé viét: [BH"T + [HM = [aJ + [OH'] (luat trung hoa dién tich)

(7.23)

Mudi BH" a" la két qua do trung hoa acid Ha bdi 1 base B thém vao va phan ly
hoEui toan, ta co: [BHA = [B] véi [B] la nong dd base cho vao méi truong.

Vi Ha la acid yéu - phan ly it cho nén ] «< va [OH*] « < [a”J (mudi
phan ly hoan toan) nén néu bd qua [H*] va [OH~] truoc va [a"] thi biéu thirc
(7.23) tré thanh:

[a-] « [BH1 = [B] (7.24)

Tinh [Ha]:

Lac dau, Ha c¢6 ndng dd c. & mot thoi diém chuan dé nao dé Ha sé tim duOc
dudi dang a“hoac Ha. Nhu vay:

¢ = [Ha] + [a-] hoac [Ha] = [c] - [a]

Thé [a*] bang gia tri tim thdy trong (7.24) thi [Ha] » [] - [B]

Tuxh pH :

phuong trinh (7.22) c6 thé thay thé Ha va a*

pH = pKa + log (7.25)

Khi [B] = ¢/2 (ldc phan ntra [Ha] dwoc trung hoa) thi: To1-[B] el - 1; va
pH = pK~. Gia tri dac biét nay cta pH (goi la pH ban trung hoa) khéng lién quan
dén ndng do acid.

Chu y: thwong thi wéc lwong bd qua [H”J va [0H“] chi ¢ thé chdp nhan khi pH
gitra pH =4 va pH = 10.

- Tai diém twvong duong: hon hOp thu dwoc 1a mot dung dich mubi BHa coi nhuw
la mot dung dich base & c6 pH dwOc cho theo cbng thirc tong quat;

pH =7+ ipK.+ilogc
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3.5.2. Thidu cu thé(trung hoa bang dung dich chudn N)

Trung hoa 100 ml cH3cooH 0,IN bang NaOH IN. Khéao sat sy bién doi va
tinh [H"], pH. (pK,, cla acid acetic = 4,74)

Giai:
Bang 7.6. Bién ddi pH khi chuan d6 CH3COOH
R 100mICH,COOHO,1M(pK. = 4,76)
0,1NbéngNaOHO,1N . duwoc dinh lvong badng NaOH 0.1M

base acid con ) Vungaghngphimau
thém vao lai (ml) pH clta hén hop )

(ml) PH=pK, =476 Piém tuong duong
0 100 287 biém ban trung hoa pH =8,73
50 50 474 4 1
9 10 569 T \ Vling dém !
99 1 673 vVung acid ving em
99.9 0.1 yv < T — Lo e b
100 0 8.73 VAOH (i)
100.1 thia r 0.1 9.7 ApH =1 Hinh 7.16. Trung hoa acid yé a
101 basel 1 10.7 16. g hoa acid yéu (0,1N) bang

base manh(0,1N)

Theo bang 7.6, so voi viéc trung hoa HCI 0,1N bang NaOH 0,1N, bién d6i pH

nhu sau:

Trinh tw bién doi pH % acid duOc bang 7.6 bang 7.5
trung hoa (ApH) (ApH)

- Lac bat dau pH bién d6i nhanh 0- 50% 1,87 0,5

hon; 0- 99% 3,86 thay 2,3

- K&d6 pH bién ddi tvong tw 99- 99,9% 1 vi 1

- Yéu hon khi t6i sat su trung hoa: 99,9 - 100% 1 2,7
100- 100,1% 1 2,7

Chu y ; khi thira base manh B thi pH thay doi gichg trudng hOp cla viéc dinh
lwvong acid manh bang base manh (bang 7.5) vi hon hOp ldc nay 1a dung dich cta 1
base manh B va base yéu a~. Co thé coi nhu chi cd base manh B.

Nhan xét:

Khi trung hoa mot acid yéu bang mot base manh thi sw thay d6i pH can diém
tvong duong sé it hon trong tredong hOp trung hoa mot acid manh bang mot base
manh.
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Base manh

Hinh 7.17. Trung hoa: a) mot acid manh bang 1 base manh.
b) mét acid yéu bang 1 base manh.

Thém % 0,1 ml dung dich chuadn dd quanh gia tri ly thuyét 100 ml, pH bién doi la
2 (d6i voi txwong hOp trung hoa acid manh bang mot base manh pH bién d6i 4 5,4).

Puong cong chuan do giong nhitng trwvong hOp trudc. Cha y; diém twong dwong
lubn ludn la diém u6h cta dwong cong chudn dd nhwng gia tri pH ™ 7. Mat khac,
khi trung hoa 50% acid thi dudng cong nay ¢ mot diém ubh th(v hai twong ng va
lic d6 pH = pKa (hinh 7.18).

Anh hwéng clia ndng do acid: cong thirc (7.23) ching td rang:

- pH & giai doan ban trung hoa: déc lap véi [Ha]

- pH cla dung dich dau va pH tai diém twong duvong: phu thudc vao [Ha]

Két qua: Buwdng cong cua mot acid yéu voi cac dd pha lodng khac nhau khi
chuan do déu di qua diém uoh: pH = pKg (ban trung hoa). (hinh 7.19)

100fiii CHsCOOH (néng do c)

- 5 e o 100ml CH,COOH IN
daih luong bang NaOH (néng db c)

A _ dinh lugng bédng NaOH IN
pH 14- £en c=1 Eten pH 14
i D6 c=01 Po
L2evAeiasti B xanh e K= 107
10. vang 10 ' = 1
g 2 K3=10-
K3=10
° - (4)K.= 10~
. 5)K.= 10»
B)K,= 10«
4
2 - Vung acid vang kiém
80 100 ~40 60 80 100 120 140 160 180 200
V30 (ml) Vn,oh (ml)

Hinh 7.18. Trung ho@ acid yéu (c) @O néng do Hinh 7.19. Trung hoa céac acid yéu (1N) c6 K3
khac nhau bang base manh (c) khac nhau bang base manh (c)
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3.5.3. Anh hudng cua loai acid yéu

Cac gia tri pH phu thudc pKa cla acid. Acid cang yéu pKg cang Ién, dudng cong
trong thang pH cang cao, pH & diém twvong dwong cang cao va budc nhay pH can
diém twvong duong trai ra trén mot vung nhd. (hinh 7.19)

3.6. Trung hoa mot base yéu bdng mot acid manh
Puong cong ddi xirng vai treong hOp 3.5. va budc nhay pH & can diém tuong
dwong cling dugc quan sat twong tuw.
Trwong hOp nay pH thdp hon 7: pH =\WpKa—\W IgC
pH 14 - 50ml NHjO.IM duoc dinh lugng bing HCI0.1M ...

12 .
pH = pKa = 9,24
10 -
Piém tuong dwong pH = 8,73
8-
6 -
4 -

2H

50ml CHsCOOH 0,1M dwoc dinh luong bang NaOH O.im

pH = pK, = 4,76
n Piém tuong duwong pH = 5,27

\

0 20 40 60 80 100

VNaOH (m 1)
Hinh 7.20. Trung hoa base yéu (0,1N) bang acid manh (c) va nguoc lai
3.7. Trung hoa mdt acid manh HA bang mdot base yéu

- Trong lic chudn dd, hon hOp gbm mot dung dich acid manh HA va acid yéu
bH” (do sw phan ly mudi bHA va véi mot uwéc lugng chdp nhan thi dung dich duQc
coi nhu chi c6 acid manh HA).

- Truwdéc khi dén diém tuwong duong, dwong cong twong tng khac rat it voi
dwong cong trung hoa mot acid manh béi mot base manh, nhwng sau diém twong
dwong thi bién doi pH dot ngdt kém tho hon.

- Nhuv vay, budc nhay pH & can diém tvong dwong trai trén mot ving pH nhd
hon tredng hOp trung hoa acid manh b&i mét base manh.(hinh 7.21)
3.8. Trung hoa mot acid yéu bang mot base yéu

3.8.1. Bién doi pH

- Ldc bat dau; goi ¢ 1a nbng dd ban dau cta dung dich acid HA, pH theo cong
thrc tong quat: pH =1/2 pKg-1/2 log c.

- Trong lic chuan do: bién doi pH hoi khac voi truong hOp trung hoa acid yéu
bang base manh.
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- Tai diém twong dudng: hon hOp gdom dung dich ctia mudi bHa ma pH theo

céng thirc tbng quat:
pH = Vi pK, + \2 pKbH"

Gia tri nay doc 1ap v6i néng dd, gan bang 7 khi lwc cia acid va base
giéng nhau.

3.8.2. Dac diém cla duong cong trung hoa

- Truwée diém twong duwdng: duong cong trung hoa hoi khac véi truong hOp
trung hoa mot acid yéu bang mot base manh.

- Sau diém twong dwong: hoi khac véi truong hOp trung hoa mot base yéu bang
mot acid manh.

Két qua: Bién d6i pH 6 can diém twong duwong kém thd hon trong trueong hOp
trung hoa bang mot base manh. Budc nhay pH chi trai trén 1 ving rdt nhd. Néu

acid va base kha yéu thi diém tuvong dwong khéng danh ddu duoc bang diém udén
ntra nén rdat khé xac dinh (hinh 7.22).

pH PH

10 10

9 9

8 8

7 7

6 6

5 5

4 4

3 3

2 2

1 1

50 90 100 50 90 100
Hinh 7.21. Buong cong chuan dod khi trung Hinh 7.22. Buwong cong chuan do khi trung

hoa 1 acid manh bang 1 base yéu hoa 1 acid yéu bang 1 base yéu

3.9. Trung hoa acid da chtrc (polyprotic acid)

Van dé dat ra la cac luc acid khac nhau cla cac chirc acid trong mot acid da
chirc cd thé duoc xac dinh dwoc khi trung hoa hay khéng nghta la néu duong cong
chuan do trung hoa cé nhiéu diém udh thi cac diém udh nay sé twong (ng voi tirng
diém tvong dwong cla céac chirc acid hay khong.

3.9.1. Cac chtrc acid c6 lwvc manh

Puong cong trung hoa 1 acid manh (cho tat ca acid da chic hay don chic co luc
manh) bang 1 base manh ludn giong nhau. Két qua la trong lic chuan do khéng thé
phan biét nhiéu chic acid khac nhau cta mot acid da chic (polyprotic acid). Nhuw
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vay, trong méi tredng nudc thi dwong cong trung hoa ctia HCI IN bang NaOH IN
giéng nhu tredng hOp chudn do H2S04 IN bang NaOH IN va phép dinh lvong khong
tach biét dwoc hai chirc acid ctia H2SO4.

3.9, Cac chtc acid c6 lvc khac nhau

Co thé phan biét nhitng diém twong duong khac nhau voi diéu kién la luc cla
cac chirc acid trong mot acid da chirc phai da khac.

Thi du: c6 thé phan biét lyc cla ba chirc acid khac nhau cla acid phosphoric
H3PO ,.

pKa =2,1 (H3PO4 HA+HgPOO
pKN =72 (HPO-i: H<+HPo f)
pK, =124 (HPO]J- i; H* +PO0|-)

Nguoi ta cé thé tinh gia tri pH tvong ng & nhitng diém khac nhau cua duong
cong trung hoa H3040,1M bang NaOH 0,1N khi bo qua su pha lodng (hinh 7.23)

[HPO.A)=[PO,’-]

pK.= 124
Puwdng cong
chuén doé cla Diém két thac
acid thr ba
phosphoric
(H3PO4)

0,5 10 15 2,0 25 3,0

,<"L0»'Slio-»L<fSiiie-L>"Siv f-.?
in in In

> H®
Hinh 7.23. Trung hoa acid da chirc yéu bdng base manh

- Luc bét dau; (chi xét chirc acid thir nhét, nhitng chic acid sau co luc yéu, cd
thé bd qua).
pH = | pKa, - | lgc=1 2,1- | 19g0.l=1,05- (-0.5) =1,55

- giai doan ban trung hoa cla chirc acid thr nhat;
pH = pKa* =2,1; yéu, gia tri pH nho.

& diém twong dwong thir nhat (xem nhw hon hOp lic nay 1a dung dich cla chét
ludng tinh H2PO4, bd qua chirc acid thir ba do luc yéu nhat).
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pH =i pK,_ +ipK,” =1,05+3,6 = 4,65.

- O giai doan ban trung hoa cta chtc acid tht hai:pH = =7,2
& diém twong dwong thé hai (xem nhw hén hOp lic nay 1a dung dich cla chét
lwdng tinhHPO|-) :
PH=|pK,. =3,6+6.2=98
- Ban trung hoa cua chirc acid thir ba : pH = pKa, =124
& diém twong duong th ba (xem nhw hén hOp lic nay 1a dung dich cta base

POf):

o pH =7+ f2 C

Nhu vay, c6 thé xac dinh r6 hai diém twong duong dau tién dé dinh luvong hai
chirc acid dau tién. Nguoc lai, diém twong dwong th¢ ba khong thé danh gia trén
dudng cong vi chirc acid thi ba ¢é lwc quéa yéu.

logC =7 +6,2- 0,5 =127

3.9.3. Cac chtrc acid cliia mot acid da chic c6 cac pK,, gan nhau
Dé phéan biét duoc rd rang hai diém tvong duong thuong phai xét: p - pKg >4.

Thi du : Acid tartric pKj= 20; pKo= 4,2 khong thé xac dinh rd 2 diém
tvong duong.

3.10. Két qua thuwc nghiém trong phan tich chuan do
Khi tong két cac duong cong chuan do, ngwoi ta thay co nhirng nét chung :
- Diém tvong dwong la diém udn cla dwong chuan do.
- Cac duong chudn do co thé khac nhau vé dang lic gan dén diém tuong
dwong nghta la khi co su thay doi vé pH.
+ NEu acid va base manh: Thay ddi nay rat dot ngdt va phd mét ving pH
réng Ion.
+ NEu mot trong nhitng chat doi khang yéu va chat kia manh: thay déi kém
dot ngdt hon nhwng phi mot vung pH con c6 thé danh gia duoc.
+ NEu acid va base déu la hai chat yéu: Thay doi tlr tlr va khé phan biét duoc
vung thay déi pH.
Vi diém twong duong dwoc danh gia theo sw thay doi pH nguoi ta cd thé
két luan:
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- Dinh lvgng cé thé dat dén sw chinh xac 16n néu hai chat doi khang déu manh.

- DPinh lwgng co6 thé thuwc hién chinh xac khi mot trong nhirng chat i
khang yéu.

- Binh lvgng sé kém chinh xac néu 2 chat d6i khang déu yéu.

Chl y: D& danh gia diém tvong dwong dé hon, co thé vé dwong dao ham bac

nhat iy =f(V). Mbi diém ubn twong rng vai mot cwc dai ctia dwdng dao ham nay.
a) Chon thudc thtt chuén do: chon nhitng chat phan ly manh trong dung
moi khao sat.

b) Chon nong d6 thudc thr : khi pha lodng 1/10 dung dich chat khao sat, bién
d6i pH giam 2 don vi. Do d6 dé dang két luan la khi thuc hanh véi dung dich dam
dac N hay N/10 thich hOp hon la dung dich qué lodng (vi sé kém chinh x&c).

c) Chon dung moi

- Hoa tan nhdt. Thi du : acid béo mach dai hoa tan trong ethanol dé hon
trong nuoc.

- Phét hién tdt nhéat tinh acid (hay base): thi du: trong acid acetic, dinh lwong
alcaloid dé hon trong nuwéc.

3.11. Thuan lgi cta dwvong chuén dd trung hoa

a) Banh gia lvc cua acid hay base

Dang clia dudng cong va vi tri cla no sé cho y twédng vé luc cla acid hay base.
Nhuv vay acid cang yéu thi dwong chuan do cang cao va base cang yéu thi duong
chuén do cang thép.

b) X&c dinh pK,,

- Po pH & ldc ban trung hoa sé xac dinh dwoc pKj, vi luc d6é pH= pK”.

- DPo nhiéu pH trong khi trung hoa. That vay, pKg duoc tinh theo pH sau khi
thém base chuan do [B] vao acid c6 nong ddc: pKg = pH - log— . Tinh pKj

bang cach do pH & nhitng gia tri [B] khac nhau, thi du: [B] = ¢/10, 2c/10, 3c/10...
- Trung binh nhitng két qua nay co thé c6 duoc pK™ kha chinh xac.

4. DUNG DICH BPEM

Tam quan trong cla dung dich dém thé hién trén moi lanh vuc khoa hoc cla
doi sdhg vi bat ky mot hé théng sinh hoc nao cling phu thudc vao pH.
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Thi du: khi cho Iml HCI IOM vao mot lit dung dich NaCl 0,15M, pH = 7 thi
dung dich mai sé c6 pH = 2 nhwng khi thém Iml HCI IOM vao méot lit huyét twong
c6 pH = 7,4 thi dung dich nay sé c6 pH =7,2 (do trong huyét tuong c6 hé dém).

4.1. Binh nghfta

Dung dich dém la dung dich khang lai sw thay d6i pH khi thém acid hay base
manh vao dung dich hodc la dung dich ma khi pha lodng thi pH clta dung dich
thay déi it. Sy thay doi nay thwong é trong mot ving gidi han pH.

4~ . Thanh phan

Dung dich dém la dung dich chta trong mét dung méi phan ly (nhv nuéc),
hodc mot acid yéu va mudi ctla mot acid véu (= acid yéu va base lién hOp clia nd).
Dung dich dém nay thuong cé pH acid. Hoac moét base yéu va mudi cua mot base
yéu (= base yéu va acid lién hOp clia n6). Dung dich dém nay thuong c6 pH kiém.

4.3. Cochécua hiéu rng dém

Xét mot dung dich hon hOp cia acid Qiay base) yéu va mudi cla base {hay
acid) manh nhu dung dich acid acetic (Ha) va mudi acetat Na (BHa) trong nuwéc.

Mudl hoa tan trong nwéc phan ly hoan toan: a'->BH"+a“ (7.26)
Truong hOp acid trong nuoc: Ha + H2O A +a” (7.27)
[H™]x[a ]
[Ha]

Trong céac biéu thirc trén:

- ar c6 dwgc tr mubi BH™ a' (7.26) ma cling ¢d duoc tir acid Ha, do d6 [a“] tdng
ty 1€ thuén véi [Ha] (7.27).

- DEé duy tri gia tri K30n dinh thi khi [a“] tang [Ha] cling phai tang (7.28) ma
khi [Ha] tang thi acid sé khéng bi phan ly (nghia la khéng ion hoéd duwgc) va nhu
vay sé cO su lui ion hod (reticulation) cua acid. Biéu nay lai cang phéi chu y khi
cho acetat [a'] tr mudi (7.26) vao voi lvgng cang 16n vi [a“] lai két hOp v6i [HY] cua
(7.27) dé tao Ha. Luc dy pH s& phu thudc vao ty Ié twédng doi cla acid Ha va cla
mudi BH" a- (cac bang 7.7; 7.8; 7.9).

Nhu vay, khi trong dung dich cé cac ion BH®, a“va  cung luc thi:

- Néu thém acid manh AH: acid nay khi phan ly sé tdng thém nhwng da so
H" nay tac dong vaéi a~dé tao thanh nhirng phan tr Ha la acid yéu. Do vay pH thay
dai it.
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- Néu thém base manh B: base s& gén voi  tao acid (Ia acid c6 luc gan
nhu bang 0). Acid ti€p tuc phan &ng voi a" tao mudi a". Phan ng (7.26)
lai phat trién vé phia sy phan ly va tao thanh base yéu a“va BH" la acid co luc
gan nhu bang 0. Base manh B bi thé bang mot base yéu a", it bi phan ly. Két qua
la pH thay dai it.

- Gi6i han cula tac dong dém: Néu ti€ép tuc thém vao dung dich dém hodc acid
manh hodc base manh thi s& dén lic hdu nhu toan bd a“ dwoc trung tinh hoa bang
acid (hay nguwQc lai nhitng phan t Ha sé dwOc trung tinh hoa bang base). Ké tir lic
nay, thém mot luong moi nhitng chét phan ly  vao nita sé dan dén thay déi pH
dot ngot va tac dong dém bi hay.

. Chuy:

Dé co tac dong dém, can phai cé cling lic mot acid yéu va mot base yéu lién
hOp. Do vay, theo ly thuyét thi khéng thé dém vai chi mot acid yéu hay chi mot base
yéu. Tuy nhién doi khi trong thwc té ciing dém mot dung dich acid manh bang mot
base yéu.

Thi du: trong thuc hanh, khi dém mot dung dich nitric hang luvong thira acetat
Na thi trwdc tién acid manh tdc dong toan phan trén acetat dé tao thanh acid
acetw, ké dé trong dung dich c¢6 mot acid yéu (la acid acetic) va base lién hOp
(acetat) cla nd. Bay chinh la thanh phan cia dung dich dém.

4.4. Dy doan kha nang dém nho vao duong cong chuan doé trung hoa

- Kha nang dém: khodng pH ma trong d6 dung dich dém con nang lwc dém
(phan (ng cho hay nhan proton ma khong cé bién doi quan trong vé pH).

Hinh 7.24. Butng cong chudn do biéu dién kha ning dém
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Khoang bién ddi gidi han cta pH nay gan nhu ndm ngang va thé hién bang
mot do déic rat nhé trén duong cong chuan do (hinh 7.16).

Trén hinh 7.24, ta thdy 0 giai doan ban trung hoa pH = pK,, thi c6 kha
nang dém.

4.5. Danh gia khad nang dém

Kha nang dém cang I6n khi mot s6 lvong l16n dung dich dém duQc cho vao dung
dich khdo sat. & mot nong do xac dinhcua dung dich dém thi kh& nang dém la 16n
nhat khi c6 mat acid va base lién hOp cla dém v6i nong do twongduwong
(equimolar). D6 chinh la vi tri diém udh cla dwong chuan do (hinh 7.24).

Khi thuvc hanh, dé dung dich dém con hiéu qua, nguoi ta nhan thdy hong do
acid yéu [Ha] hay [bH" bang it nhat 14 10% [base] (va nguoc lai).

pH cta dém duoc tinh theo cong thirc tong quéat lién quan dén pH va pKa:

= il N
pH pK.+IgI|a|w|ig]

Nhu vay:

- néu [base] gdp 10 lan [acid] thi pH =pKj+1

- néu [acid] gdp 10 lan [base] thi pH =pKg- 1

=>kh4 nang dém: pH- pKrz 1

Nhu vay, khi c6 qua nhiéu acid hay base thém vao thi pH sé vwot ra ngoai
vlung dém va pH sé tang hay giam nhanh. Kha nang dém lién quan dén lwong
chat cd thé thém vao dung dich ma khong gay ra mot sy thay d6i hoat d6 ion coy
nghfa nao.

- Dung luvong dém (buffer capacity) acid - base ctia mot dung dich can duy tri
pH: 1a s6 lwvgng (mmol) cla acid manh hay base manh thém vao 1 lit dung dich nay
(mmol/1 hay mM) dé lam thay do6i 1 ddn vl pH.

4.6. Khd nang dém & pH rat thap (hay rat cao)

Khi trung hoa mét dung dich acid manh (HCI) trong nwéc bang mét dung dich
chudn base manh (NaOH hay KOH) sé& nhan thdy dwong cong gan nhu bing phang
gita pH = 0 va pH = 2 nghTa la & d6 c6 mo6t khd nang dém (du khoéng cé diém ubn
nhw & giai doan ban trung hoa).

Hién twvOng nay dwoc mo ta khi xét mot acid manh va mot base co lvc gan nhu
bang 0 {Thi dw', cap HCI/ CI").
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Trong treong hOp acid manh mét cach ly twang, tdc dong dém van hién hitu Wi
né dung chinh cap dung mdi HgO" / HgO.

pH =pK + g [F20]

Bang 7.7. Bém KCI - HCI gitra pH = 1,0 va pH = 2,2 (theo Clark va Clubs)

Dung dich KCI 02N (ml) 25 25 25 25 25 25 25
HCI 0,2N (ml) 4850 3225 2075 1315 8,40 5,30 335
NudC vira da (ml) 100 100 100 100 100 100 100
pH 6 205C 1,0 1,2 1.4 16 1,8 2.0 2,2

4.7. Tinh pH cta dung dich dém
Phén biét hai trvong hOp
Dung dich dém chta acid yéu va base lién hOp cia né: néu hon hQp dém gém
acid yéu Ha va base lién hOp cla n6 (dwéi dang mudi Ma) thi trong dung dich o
cac qua trinh dién ly:
e Trvong hOp acid trong nwéc: Ha+H20 A HO™ +al
Ma M +a"

- Hangsd dién ly cla acid Ha duQc biéu dién b&ng hé thic: K, = IH Ix[a ]

[Ha]
trong do Che "Ha la ndng do cac ion HA, a va Ha luc can bang.
C,= K.IlIn = K ..»
fa* ]
Lay logarit va dao Vé, ta co:
-lgC,,.=-IgK. +1 g ~ haypH =pK. + g (7.29)
AN *

Ha “ N Cha

Hé thirc nay cho phép tinh pH cla dung dich dém chia acid yéu va mudi
cla no.

Dung dich dém chta base yéu va acid lién hOp clia né (dw6i dang mudi Ma):

* Trrong hOp base trong nudc: a“+ HgO" OH*“ + Ha

Ma A +a-
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Hang s6 dién ly cla base a dugc biéu dién bang hé thiec:

_ [OH"]x[Ha]
[a ]
[OH")= = Kt
|Hal CHa
Lay logarit dao 2 vé, ta co;
- lgc,,,-=- IgKt- Ig”* hay pOH = pKi- Ig-" (7.30)
Ha Ha

ma pH + pOH =14 =>pOH = 14 - pH

C.a
Chu

pH= 14 - plv +Ig

Hé thic nay cho phép tinh pH cta dung dich dém chira base yéu va mudi cua
no, trong dé CoH~> Cg- Chg la ndng dod cac ion OH', a“va cla Ha lic can bang. pH
nay chi phu thu6c vao ty s6 nong do acid hoac base yéu va mudi clia n6 chi khéng
phu thudc do pha lodng hon hOp.

4.8. *rng dung cla dung dich dém

- Thiét lap va duy tri hoat do ion hydro dé chuan hod may do pH; céc dung
dich dém hay duQc st dung cé pH: 4.01: 7.00: 9.00

- Lam on dinh pH trong thanh phan pha ché cta cac quy trinh dinh lvgng do
quang pho UV- Vis.

- Lam 6n dinh pH trong thanh phan cta mét s6 pha dong khi trién khai sic
ky 16ng hiéu nang cao. (thi du; hé dém phosphat...)

- Diéu ché céac dang dinh lugng gan voi diém déng dién (approach isotonicity).

- Thuc hanh trong cac quy trinh phan tich, nhat la khi phan tich cac dich sinh
hoc. Cac dung dich dém duwoc dung trong cac hé thong sinh ly deOc chon can than
dé khong can thiép vao hoat tinh duoc lyc cla thudc hay chirc nang binh thwong
cla co thé.

Nhiéu th nghiém va quy trinh dinh Ivgng trong DuQc dién doi héi phai diéu
chinh dén pH mong mudn hay duy tri & pH chuyén biét bang cach thém dung dich
dém. Khi do pH, can phai c6 dung dich dém chuan.

Cac dung dich dém chd yéu dugc dung trong phan tich hoa hoc phai twong
thich voi cac chat xac dinh va thudc thr st dung.
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4.9.Vai cong thirc pha ché dung dich dém theo pH yéu cau
4.9.1. Dém cua acid yéu + mudi cua acid yéu va base manh

Bang 7.8. Cdng th&rc pha dém aceto - acetic c6 pH =3,6 - 5,6
Dd a. acetic N (ml) 185 176 164 147 126 102 80 59 42 29 19

Dd acetat Na M (ml) 15 24 36 53 74 98 12 141 158 171 181

Nuéc cat v.d (ml) 100 100 100 100 100 100 100 100 100 100 100
pH 36 38 40 42 44 46 48 50 52 54 56

Bang 7.9. Cbng th&rc pha dém acid citric - phosphat dinatri c6 pH =2,2- 8,0

Acid citric 0,1M o8 93,8 89,1 84,15 79,45 75,3 71,5 67,8 64,5
Phosphat dinatri 100 100 100 100 100 100 100 100 100
0.1Mv.d (mi)

pH 621°C 22 24 26 2,8 3.0 32 34 36 38
Acid citric 0,1M 6145 5860 5590 5325 5070 4850 4640 4425 42 3955

\F/’P(;o(srglr)}at dinai 0,IM 499 100 100 100 100 100 100 100 100 100

pHG 2rcC 4,0 4,2 4,4 4,6 4,8 50 52 54 5,6 58

Acid citric 0,1M 36,85 33,90 30,75 27,25 22,75 18,15 13,05 9,15 6,35 4,30 275

quSphat dinati 159 100 100 100 100 100 100 100 100 100 100
AMv.d (mi)

pH 021°C 60 62 64 66 68 70 72 74 76 78 80

4.9.2. BDém clda base yéu + muobi clla acid manh va base yéu

Bang 7.10. Céng thirc pha dém “tris” hay THAM

Tris 0.2M (24,20g/1) 25 25 25 25 25 25 25 25 25 25
HCI 0 2N 22,1 20,7 19,2 16,3 134 11,0 8,3 6.1 4.1 25
Nwéc cat v. d (ml) 100 100 100 100 100 o0 100 100 100 100
pH 6 23“C 72 74 76 76 80 82 84 86 88 90

Tris (hydroxymethyl) amino methan cé pH =7,2- 9,0

Trong cac thi du trén, nhiéu cdp acid - base lién hOp duoc van dung nhu: acid
citric va céc ion citrat; phosphat diacid - phosphat monoacid.

Ngoai ra trong cac duoc dién (USP, BP....) cling c6 néu cach pha ché nhirng
cong thirc dém chuan thwong diung khéc.
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5. ’NG DUNG CUA PHUONG PHAP ACID -BASE

5.1. BDinh lwong acid
5.1.1. Binh lvgng acid manh trong nuwéc

Néu dinh lvgng mot acid manh bang base manh véi néng do cao thi buéc nhay
pH dai, do d6 hau hét chi thi déu s dung dugc. Khi dung dich duOc pha loang
(0,01N) pH thay doi yéu hon nén chon lya chi thi phai gi¢i han.

Bang 7.11. pK cula vai acid trong nuéc.

acid vo co pK, pKa  pKj acid hitu co pKi  PK2  pKa
sulfuric H2S04 1,9 oxalic 1.2 4,3
sulfurd H2SO3 1.8 7.2 tartric 2,5 4,2
phgsphoric H3PO4 2.1 7.2 12.4 citric 31 4,8 6,4
arsenic H3ASO4 2,2 7.0 115 formic 3,8
hydrofluoric HF 3,2 lactic 39
nitre HNO?2 3.3 ! benzoic 4,2
carbonic HCO3 6,4 103 1 acetic 4,7
suffurd H2S 7,0 13.8 * diethylmalonyluré 7,4
boric H3BO03 91 12,7 ' 13,8 phenol
cyanhydric HCN 9,4 . 9,9

5.1.2. Binh lvong acid yéu trong nuéc

Khi dinh luvgng céc acid mach thang c6 trong lvong phan tl hoi cao nhu céc
acid alcol (acid lactic, acid tartric, acid citric) bang kiém thi sw chuyén mau xay ra
trong ving kiém. Dung dich dé chuan do khong dugc co carbonat (baryt).

Néu ndng do acid qua thap, vung chuyén mau kéo dai nén thich hOp hon la
phai thay doi dung moi.

5.1.3. Binh lvgng acid ratyéu trong nuéc (acid béo nang, acid boric)

Piém twong dwong duwoc tim thdy & pH rdt cao nén chi thi st dung khéng
chuyén mau hoan toan. Phai kich thich tinh acid bang cach st dung mot trong
nhi*rng phrong phap sau:
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- Hoa tan acid rat yéu trong mot dung modi trd nhan proton (butylamin,
ethylen diamin, dimethyl formamid, pjnridin, tetrahydrofuran) va dung dich dé
chuadn do la natri methylat hay hydroxyd tetrabutyl-ammonium. Trong truwong
hép nay, anhydrid carbonic cé vai trd6 mot acid manh do dé phai thuc hién trong
khi quyén nito.

- Hoa tan acid rat yéu trong mot dung moi khac tét hon nwéc; cd thé diing con
tinh khiét dé thu duQc dung dich c6 nong do dam dic nham dinh lwong tét nhat.
Thi du: acid béo day dai, it tan trong nwéc nhwng tan trong con.

Hinh 7.25. Lién két cla boric Hinh 7.26. Chuan dd chi acid boric (1) va chuan do
V@i nudc acid boric khi c6 mat mannitol (2)

- Tao phtrc dé cd thé lam tang tinh acid: Thi du: acid boric (pK = 9,2) néu
c6 mét polyol (glycerol hay mannitol) sé tao phitc. Phtrc polyol-boric c6 pKg = 4 dé
dinh lvgng bang NaOH.

5.1.4. Binh lugng mudi cia acid manh va base yéu
Acid bH* ¢ thé dinh lvong khi lvc kha manh.
Thidu: N1i#*c6 luc rat gan acid boric.

Néu base b rat yéu (alcaloid), acid liéil hOp bH" ¢c6 luc that sy va co thé dinh
lvOng trwc ti€p (st dung acid acetic lam dung moi).

Néu base b manh hon, bH” ¢6 lyc rat yéu va thuvong dung phwong phap chuan
dd nguoc sau khi phong thich base va chiét bang dung méi (thi du nhw cac
alcaloid).

5.2. Binh lvgng base
5.2.1. Binh lvong base manh trong nuwéc

Gibhg nhw trvong hOp dinh lwvgng mot acid manh.

148



https://nhathuocnhngocanh.com/

5.2.2. Binh luvgng base yéu trong nuéc

Bang 7.12. pK, cla vai base trong nuoéc

Base pK,  pKj Base pKz Base pKa
Guanidin 13.5 Ethanolamin 9,5 Quinolein 5.0
Dibutylamin 11.5 Ephedrin 9,5 Anilin 4,6
Triethylamin 10.9 Amoniac Hydroxylamin 9,256,0 Dicloroanilin 2.1
Methylamin 10.7  Pyridin 5,2 Acetoxim 1.8
Ethylen-diamin 6.8 9.9 Hexamethylentetramin 5,1 Diphenylamin 0.8
Piperazin 57 9.8 Uré 0.4

Phai dinh Iwvgng bang acid manh, pH 6 diém twong dwong sé nhd hon 7. Viéc
chon chi thi tuy vao pKi, cta acid lién hOp v6i base chuan dd. Amoniac la trwong
hOp dac biét quan trong.

5.2.3. Binh lvong base ratyéu trong nuwéc

pH cla dung dich dwoc chuan do thwong dwdi 10.

Thi du: amin dwgc dung: amphetamin, alcaloid va amid.

Céac phuvong phap dinh lvgng sau day thuong duwoc khao sat:

- Dinh lvgng tryc ti€p: chi thuc hién duoc khi pKg di cao va base cé thé tan
trong nwdc. Phai dung mot dung dich dam dac va chi thi chuyén mau trong moi
trvong rat acid (xanh thymol pH = 2,8 -1,2) néu khdng thi sé co sy thiy phan mudi
tao thanh va sw chuyén mau kéo dai ra.

- Pinh lvgng bang phuvong phap thira trir: Ap dung d6i véi alcaloid, ding
base dé gin vao alcaloid va chiét bang dung méi hitu co. Sau dé chuyén alcaloid
base sang dang acid bang mot dung dich acid da biét dd chuén va thé tich, lwong
thira acid dugc dinh lvgng va dung chi thi mau trong vung acid (néu khong thi
acid bH" tao thanh sé tac dong trd lai).

- Dinh lvgng trong moi treong con nwdc: mac du kha luc dién ly cta con
thap hon nwéc, tdc dong cla con cb thé chiém wu thé voi diéu kién;

- Base kha manh.

- Pha lodng nhiéu & diém tvong duwong dé nang cao kha luc dién ly.

- Binh lvgng trong mot dung mai sinh proton hon

Thi du: dung mdi la acid acetic sé lam tang tinh base cua cafein (alcaloid) va
do d6 dé chuédn do cafein bang acid percloric. Ngoai ra khi dinh lwvgng alcaloid ciling
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c6 thé dung acid formic it phan ly hay hdn hOp hai dung méi nay acid acetic va
acid formic.

5.2.4. Dinh lvong mudi cla acid yéu va base manh
a~ la base tao thanh sé dwoc dinh lvgng (Natri acetat, natri carbonat)

binh lvong nhi*tng carbonat trong mét hydroxyd
a) B + BH* + H20 diém twvong duong & pH = 11,0

b) col” + HgO" HCO3 + H20 diém twong duong 6 pH = 8,3

c) HCO3 + HgO* -> CO2 +2H20 diém twong dwong 6 pH = 3,5

Hai phudng trinh sau st dung cung mét lwong acid, nhw vay cé thé phan biét
base va carbonat.

5.2.5. Binh lvgng mudi cla acid manh va base manh; mu6i cla acid
yéu va base yéu va chat luvdng tinh

- Mu6i cla acid manh va base manh khong c6 tinh acid hoac base vi cac anion
va cation cé lwc coi nhw bi bo qua.

- Mu6i cla acid yéu va base yéu tao nén cung lic cac acid va base co luc.
Khong thé dinh lvong trwc ti€p bang phép do acid - base. Trong thuc té khong thé
dinh lwong acetat alcaloid trong mdi trvong nuwéc. Nhwng cé thé s dung cac tac
déng sau:

a) Tac dong cta dung moi; c6 thé giam luc cla 1 trong nhitng cau tlr hay tang
lec clia cac chét hoa tan bang tac dong wa proton clia dung méi.
b) Tac ddong hoa hoc:

a) Pinh lvong mudéi amoniac: thém formol vao dung dich dé tao thanh
hexamethylen tetramin khéng cé tinh base trong nudc:

ANH” + 6HCHO + 4H20  (CH2eN, + 4H30" + 6H20
lic d6 acid yéu NH4 duQc chuyén thanh acid manh HO"

P)Dinh lvong nhirng amino acid (phwong phap Sorensen)
Giong nhu trudng hOp clia mubi amoniac: véi formol tao mot base Schiff.

R—CH—NHg + 0=CH2 - » R—CH—N=CH2 + H20
COOH COOH

Base nay rat yéu va khong can tré viéc dinh luong carboxyl.

150



https://nhathuocnhngocanh.com/

y) Binh lvgng nhirtng halogenid trong m6i trwdng acid acetic, (alcaloid hay ion

iem)

- Trong méi tredng nudc, nguodi ta co: bHVX”; X”1a 1 base c6 lvc bang 0, bH” 1a
icid that su.

- Trong mdi truong acid acetic khan, bH” tr6 thanh : X" 1a base ¢0 lyc that

¥ vi lién hop v6i acid yéu trong mdi treong nay. Viéc dinh lvong base yéu nay khé
a kém chinh xé&c. Do vay, ngudi ta khir ion X'thanh dang phtrc thiy ngan.

Acetat thay ngan chinh la mot phic chat (khdng phoéng thich ion acetat mang
inh base) sé tac dong trén halogenid cho mot phirc chat bén hon.

HgCCHgCOQO). + 2X- " [HgX2]2 CH3COO"

Base X" yéu duoc thé bang base manh CHgCOO'.
[.3.X4c dinh mot s6*nguyén td

Vai nguyén t6' nhw ¢, N, s, Cl, Br, F ... duoc dinh lvong bang phwong phap
rung hoa. Tuy tlrng treong hOp, nhirng nguyén t6"nay dwoc chuyén thanh acid hay
»ase VO co dé dwgc chuan do.

5.3.1. Nitrogen

Thueéing cé trong acid amin, protem, thudéc nhuém....

Phuwong phap chung dé xac dinh nito hiru co: Phwong phap Kjeldahl.

- Nguyén tac: Mau th® duoc phan hiy bang H9SO4 dam dic, nong. Nito phan
ldy thanh ion amonium. Dung dich chta ion nay dwgc lam lanh, pha lodng, dem
hung cat. Amoniac phéng thich ra duoc cho vao dung dich chia acid va xac dinh
lang phuong phap chudn do trung hoa. C nhiéu phwong phap dé thu khi amoniac
a dinh lugng amoniac. Hai phuvong phap chtih la:

Phuvongphap 1

Amoniac dugc phéng thich sé dwoc vao 1 thé tich acid da biét chinh xac ndng

d6. Binh luvong acid thira bang base chuan. Chi thi chuyén mau & ving acid do
tmh acid clia ion ammonium cé mat & diém twong duong.

Phuongphap 2

Amoniac duvgc phdng thich vao moét lugng thira acid boric

H3BO3 + NH3 -> nh: + H2BOI

lon dihydrogen borat dugc sinh ra 14 1 base manh co6 thé dwoc chudn dd bang
dung dich chuan HCI

H2BO3 + H30" " H3BO3 + H20

Chi thi: Bromocresol luc chuyén mau trong vung acid
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5.3.2. Binh lvgng Sulfur
Sulfur trong nhitng chéat sinh hoc dugc xac dinh bang cach dét chay trong
khi
S SO2 (hodc so3) thu thap va chwng cét
SOaikhi) + H202 A H2504
Chuén dd H2S04 bang base chuén

5.4. Binh lvong cac hOp chéat vb co
5.4.1. Binh lvgng mudi amoniac
Dung base manh dé ddy amoniac ra rdi chung cdt bang dung cu Kjeldahl.
5.4J2. Binh lvgng nitrat va nitrit

Dung hop kim Devarda (50% Cu, 45% Al, 5% Zn) dé kh(t nhitng ion nay thanh
ion ammonium rdi chung cat hoan toan dé ldy amoniac va dinh lwong. Ngoai ra,
hOp kim Arnd (60% Cu, Mg 40%) cling duoc st dung.

5.4.3. Dinh lvgng carbonat va hon hQp carbonat

Trong phuong phap chuén do trung hoa thi viéc dinh tinh, dinh lvgng céc dung
dich chira NagCOg, NaHCOg, NaOH 0 dang riéng hay dang hon hOp cho nhitng thi
du rat dang quan tam: do phan &ng loai di chat thi ba nén trong 1 lvong thich hdp
cla bat ky divig dich nao ciing chi chtra 2 trong 3 thanh phan: NaOH + NaHCOg
— Na2Co g(dén khi mot hay ca hai chat phdn rng ban dau duwgc dung hét).

- Néu NaOH dugc tiéu thu thi dung dich chi con NagCOgva NaOH.

- Néu lvgng NaHCOg bi yéu di thi con NagCOgva NaOH.

- Néu lvong NaHCOgva NaOH twong dwong dwoc tron 1an thi chat tan chd
yéu sé la NajCOg.

Viéc phan tich tién hanh qua 2 budc:
- Budc 1 voi chi thi vung kiém: phenolphtalein (Ky hiéu la (@p

- Budc 2 voi chi thi ving acid: bromocresol luc (viét tat 1a bcg: Bromocresol
green)

Khi chuén dd cac mau co thé tich bang nhau thi cé thé suy ra dugc thanh phan
cla dung dich dwa vao thé tich twong doi cla acid can chuan.
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Bang 7.13. Chuan dd cac dung dich chira Na2C03, NaHCOj, NaOH

Thanh phan trong mau Lién quan gitta  va Vbag khi chudn do thé tich mau bang nhau
NaOH o Ma
Na,CoO, = 12V, g
NaHCO, =0:V,,0g>0
NaOH, NazCOj >1/2V,9
NajCOs NaHCOj <12V,

Vp™: thé tich st dung dé chuan do voi chi thi la phenolphtalein.
V~: thé tich st dung dé chuan do6 vai chi thi la bromocresol luc.
Két qua sé co sai s6 >1% .

5.5. Pinh lvgng cac nhom chirc hitu co
C6 thé chuan do truwc ti€p hoac gian tiép
5.5.1. Binh lvong nhém acid sulfonic va carboxylic

Acid sulfonic 12 acid manh, d& hoa vao nwdc rdi chudn do thang bang base.

Co6 nhiéu acid carboxylic khéng hoa tan nhiéu trong nwéc nén khong dinh
lvong trwc ti€p duoc. Trong trudng hOp nay, acid dwgc hoa trong EtOH va chuén
do bang nudc kiém hodc acid nay dwoc hoa trong mot lwgng base thira chudn roi
dinh lwvgng kiém thira bang dung dich acid d4 biét ndng do.

5.5, Binh lvong nhém amin

- Amin day thang thuong c6 hing 8" phan ly a 10“. Do dé duoc chudn do
thadng bang acid manh.

- Amin thom - (anilin va dan chit) thwdng rdt yéu trong moi trwdng nudc
(Kt, ~ 10*/%) c6 thé chudn dd bang phuong phap thira trir hodc dinh lwveng trong méi
trwong khan.

- Amin vong thdm - pyridin ciing gidhg amin thom.

- Amin vong bdo hoa - piperidin c6 khuynh hwéng két hOp véi amin thang va
dugc chuan do trong mdi treong nudc.

C6 nhiéu amin qua yéu / nwéc phai dwoc chuan do trong moi truong khan nhuw
acid acetic dé tang tinh kiém.

5.5.3. Binh lwvgng nhom ester

Ester thwong duoc xac dinh bang cach xa phong hoa véi mot lvgng base chinh
xac da biét do chuan.
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RiCOORg + OH-  RiCOO- + HOR?2
Lwong base thira dwoc chudn do bang acid chudn. Céc ester thay déi nhiéu theo
toc do xa phong hoa. Cé ester can vai gio dun néng dé hoan tat qua trinh. Mot it
ester tdc dong nhanh cho phép chuédn do trwc tiép bang base. Thong thwong, tién
hanh bang cach dun ester va KOH 0,5M hoi lwu trong 1-2 gio. Sau khi lam lanh,
lwvong base thira duoc chudn do bang acid.

Trong dwQc dién cac nuoc co trinh bay "Chi so ester hay chi s0 xa phong hod":
B miligram KOH can thiét dé trung hoa acid tv do va xa phong hoa céc ester cd
trong 1 gam chéat khao sat.

5.5.4, Binh lvgng nhém hydroxyl

Nhém OH trong nhitng hOp chét hiru co co thé duwOc xac dinh bang cach ester
hoé voi cac anhydrid carboxylic hay chlorid khac nhau. Hai thu6ic thr thuong ding
la: anhydrid acetic va anhydrid phtalic.

V@i anhydrid acetic thi phan tng sé 13;

(CH3C00)20 + ROH ~ CH3COOR + CH3COOH

S acetyl hoa thuwong duoc thuc hién bang cach tron cin than mau thir véi mot
thé tich da biét anhydrid acetic da biét trong pyridin. Sau khi dun néng, thém
nwdc vao dé thdy phan nhitng anhydrid khong phan ¢ng:

(CH3C00)20 + H2O  2CH3COOH

Sau do chudn do acid acetic bang dung dich KOH hay NaOH / cdn. Song song
thwc hién mau tréng.

Né&u c6 amin thi chuyén sang amid bang anhydrid acetic.

Trong cac dugc dién co trinh bay “Chi so6 acetyl hay chi s6 acetyl hoa
pyridin”la so miligam acid acetic can dé ester hoa nhirng san pham cé nhém chic
hydroxyl OH trong mét gam chét khéo sat.

5.5.5.Dinh lvgng nhom carbonyl

Nhiéu aldehyd va ceton c¢6 thé dwoc xac dinh bang dung dich hydroxylamin

hydrocloric. Phan trng nay tao oxim.

) ¢=0 + NH20H. HCI ~ ) ¢c= NOH + HCI + H"o
X2 R2

R2c6 thé 1a nguyén t H. Sau phan ¢ng, HCI phéng thich duoc chudn do bang
base, & day, cac diéu kién phan (ng cling thay doi tuy chat. Thi du, d6i véi aldehyd
chi can 30 phat la dd. Nhiéu ceton khac phai dun hoi lvu véi thudc thir trong 1 gio
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- Chiséhydroxylamin: Chi sb nay duoc dién tad bang s6 miligam KOH can
dé trung hoa cac acid sinh ra do phan (ng cta mot lwgng thra chlorhydrat
hydroxylamin v6i 1 gam chat khao sat.

5.5.6. Binh luong mudi

LuvOng mudi toan phan trong mot dung dich c6 thé duOc xac dinh chinh xac
bang dung dich chuin dod acid base. Khi cho qua cot trao d6i nhwa ion, mudi nay
chuyén thanh mot dwong lveng acid hay base va cé thé dinh lugng bang phwong
phap trung hoa.

Acid chuén hay base chuén ciing dwoc diéu ché bang nhuva trao déi ion. Nguoi
ta dung moét dung dich chira moét lwong mudi tinh khiét da biét nhuw la NaCl- dugc
rira qua codt nhiya va pha lodng dén mot thé tich biét dwgc. Mudi nay phéng thich
mot lvong dwdng lwong acid hay base tir nhya trao doi sé cho phép tinh s3' mol
thudc thir bang phuong phap trung hoa.

6.DINH LUONG TRONG MOI TRUONG KHAN

C6 2 loai chat can duwogc chuan do trong moi trwong khan:

- Acid hay base hitru co c6 trong ivgng phan tir cao va dé hoa tan gi6i han trong
nuwac.

- Nhitng hOp chat hitu co cé taih acid hay base rat yéu (Kj, hay K( < 10‘®@nhu
amin thdm, phenol, mu6i cuta acid carboxylic va acid v6 co kho thay diém két thuc
trong moi treong nudc nhwng néu tang tinh acid hay base cta n6 bang cach thay
d6i dimg méi thi lai dé thdy diém két thac.

Bét lgi khi chudn do trong méi trwong khan: Dung méi dat tién, bay hoi va doc.

- Pa s6 dung mdi déu c6 hé s6 dan nd I16n hon nwdc nén phdi dwoc chira trong
hinh c6 kiém tra nhiét do clGa thudc thtr dé tranh sai s3'khi do thé tich.

6.1. Coché

Trong dung méi khan (la dung mdi khéng ion hod), acid cling cho  va duQc
solvat hoa nhwng vi hang sd dién ly ctia dung méi nay thdp nén  solvat hoa chu
yéu hién dién & dang cap ion voi anion acid.

HA + S ~ SH'A~-
Sau do base B sé tac dong voi cap ion nay dé tao thanh:
SHAA-+ BH"A“+S
Phan rng nay xay ra la vi B la base manh hon dung méi s
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6.2. Dung moi dé chudn do6 trong moi trvong khan

Thuwong dung nhi*tng dung mdi lwdng tinh (amphiprotic) va da qua giai doan tv
phan ly nhv ba dung mdi lwdng tinh hay dung acid acetic khan, ethanol,
ethylendiamin.

2 CHaCOOH CHaCOOHI +CH3C0 o =
2 C2HSO Hi5 CgHsOHA  +C2H500-

NH2CH2CH2CH2NH2NHaCHaCHgCHgNH”" + NH2CH2CH2CH2NH-

6.3. Tinh hoan toan cta phan &ng

Phu thudc vao:
- luc cta chat phan tich (acid hay base).
- tinh acid hay base voh c6 ctia dung moi.

- héng s6 dién ly cta dung moi.

6.3.1. Anh huéng cta luc ciia chatphan tich

Trong mdi trrong nwéc Trong moi trwong khan

CHgCOOH~ la proton bi solvat hoa va duQc
tao thanh cap ion khi HCIO4 hoa vao acid
acetic khan

- Khi chudn do base b yéu bing HA HC104 + CH3COOH CHgCOOHa"CIOr

trong mdi tredng nuoc: -Khi chudn do base b yéu bang HclO4
HgO + bitbHA+Ha0 trong moi truong khan véi dung moéi la
J ., CH3COOH
Néu ké day du la phai tinh luc cua
nude CH3COOH/CI04- + b T bH"C104-+
CH3COOH
CHgCOOHa™ (méi trwong khan) « (moi
fedn bang tredng nuéc)
n [bH"N][OH -] n [bH™] 3N
[b][H30~][0H-] [b][H30"] K [bH"] [K'b]

[b][CH3COOH+][OH-"] [Ks]

(7.32)
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Nhuv vay cac phuong trinh (7.31) va (7.32) cho thay tinh day da cla phan Gng
acid, base ty Ié thuan v6i hang sb'tw phan cla acid yéu va ty 1& nghich vai hang sb
tw phan cta dung moi.

Phuong trinh nay c6 nghia: Phan tng trung hoa la canh tranh gitta dung
moi va acid (hoac base).

6.3.2. Anh hudng cia tinh acid hay base cia dung mdi

Acid formic, acid acetic, acid sulfuric cho tot hon la nhédn HM Trong loai
dung mdi nay tinh base clia chat tan dwgc nang Ién.

Thi du: Anilin - CpHsNH, trong nwéc c6 hang so' phan ly K=10 nén rat kho
chuan do nhung lai c6 thé la base manh hon trong acid acetic khan vi dung moéi
nay cho  dé hon nuéc.

Ethylendiamin, amoniac l6ng c6 ai lvc nhiéu déi voi (kha nang nhan
nhiéu hon) do vay la dung moi base. Trong loai dung méi nay, tinh acid cta chéat
tan sé nang Ién.

Thi du: Phenol c6 hang sd phéin ly K =10“* yéu trong nwéc lai dd manh trong
ethylendiamin va dwoc chuan do bang base chuan.

6.3.3. Anh hudng cta hdng sédién ly ciia dung mai

Hang s3'dién ly clia dung mdi do lwdng kha nang tao ra nhitng cu ti co dién
tich doi khang dé tach ti€éu phan nay voi tiéu phan kia.

Thi du: nudc co hang sd'dién ly cao (Dfl 0 * 78,5) nén chi canmdt ning lwong
nhd la da dé tach ion mang dién tich (+) ra khdi ion mang dién tich ().

Acid acetic c6 hang so dién ly thdp (Dfl Q = 6,2) nén can phai co nhiéu nang
lwvgng maéi thuc hién duwoc qua trinh dién ly.

MeOH, EtOH (D “ 33, D BoH= 24) 1a dung méi c6 hang s3"dién ly trung
binh.

Dung mdi ¢6 hang 3" dién ly thdp phai chiu mot bat lgi khi dung lam moi
trvong chudn do acid- base vi sw phan ly la tao ra 2 ion c6 dién tich déi khang
nhung do dung moi dién ly yéu nén kha nang tach ion cta dung moi bi gidi han
lam sy phan ly giam di dang ké.

Khi su phan ly khdng can tach nhitng cau ttr tich dién thi sy dién ly cia dung
moi it cd tdc dong Ién do phan ly cia mdt acid hay mét base.

Thi du: tdc dong dién ly cla con déi voi amoniac la t6i thi€u déivoi phan tng
phan ly:

C"M.OH + NH/ + NH3
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6.4. Dung dich chuan do trong moi trwvong khan
6.4.1. Dung dich acid

Dung dich chuan d6 acid percloric 0,1N trong acid acetic khan

bay la mot monoacid (E = M = 100,45) rat manh, nhat la trong mdi trvong
acetic khan.

Acid percloric khan - kém bén va dé né - duoc béan trén thi trudng dudi dang
dung dich nwéc khodng 72%. Nhw vay nd khong phai la chat chuan.

Cach diéu ché dung dich nay thanh acid dé chuan do;

- Hoa lodng 14,5 gam acid percloric 70% -72% (8,5ml) trong khodng 900 cn
acid acetic bang dung phan tich.

- Khir nwéc c6 trong dung dich nay bang cach thém 29 -30 gam anhydrid
acetic. Chat nay phan &ng voi nuoc dé cho hai phan tir acid acetic.

- Sau khi dé ngudi, thém acid acetic khan dén vach 1000 cm” va lc. Chuyén
vao lo c6 nit mai va dé cho nwdc tv phan huay trong 48 gio. Chuan do dung dich
nay bang mot dung dich mudi chudn pha trong acid acetic khan. Bao quan tranh
am.

Cha y: khodng dugc cho thira nhiéu anhydrid acetic vi gady nguy co tao nén sai
$3'dan dén tir nhirng phan rng amid hoa vai nhitng amin so cdp va thir cép.

6.4.2. Dung dich kiém

Cac dung dich kiém thwong dugc diéu ché trong mdi truong con hay con -
benzen.

a) Dung dich potat (b0 tat) trong methanol (KOH trong MeOH):

Dung dich potat c6 thé pha ché trong EtOH hodac MeOH, nhwvng MeOH thich
hOp hon vi EtOH thuong chita nhirng aldehyd nén khi c6 mat mot base manh sé
hod nhya lam dung dich tdng mau tlr vang dén nau. Bat lgi nay khdng xay ra khi
str dung MeOH. Do chuan cta nhirng dung dich nay khéng bén va can xac dinh lai
trvdc khi dung.

Thuén lgi: K2CO3 khong tan trong mdi trwong va twr do sé ty déng decarbonat
hoa.

b) Dung dich natri methylat 0,1N (CHgONa) trong moi trudng con - benzen.

Dung dich nay dung dinh lvgng nhitng acid yéu trong moi truong tuyét doi
khan nuéc.
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Diéu chétheo cach sau:

Dehydrat hoa truéc MeOH béng cach dun séi hoi lwu v6i sw hién dién cia Mg
va chung cat hay ti€p xlc trong 2 -3 ngay v6i dém phan tir “tamis moleculaire’.

Thém mot lugng natri kim loai (2,6g / 150 ml MeOH). Hoa lodng voi benzen
khan (gsp 1000 cm®). Truoc khi st dung, dung dich da pha ché sé dugc chuan do
bang acid benzoic trong pyridin hay butylamin.

c) Dung dich tetrabutyl ammonium hydroxyd (C* Hg® N*OH*

Dung dich nay la 1 base manh tan dwoc nhiéu trong moi truong benzen: MeOH

5% hoac benzen 95%. Hai dung dich rat kiém nay rat hao anhydrid carbonic cla
khong khi nén khé bao quan.

6.4.3. Phat hién diém két thuc

- Dung chi thi (theo kinh nghiém): tim tinh thé, tim methyl, soudan IlII,
tropeolin 00.

- Do thé dién cuc.

- Chi thi trong m6i trwong khan.

Acid acetic hodc acid formic la nhi*rng dung méi c6 kha nang nhan proton yéu
hon nwéc nén nhitng base rat yéu trong nwéc cho vao dung mdi nay lai tré nén
manh hon.

Xhirng chat chi thi chuyén mau trong nwéc & moi trvong rat acid lai chuyén
mau 6 cac pH trung binh ctia mdi treong khan va do vay hay duQc st dung.

Trong nhitng dung mdi cho proton (acid). Chi thi hay dung nhat la tim tinh
thé, a-naphtol benzen, orange IV, paradimethylaminobenzen (PDAB = vang
methyl), xanh oracet B.

Con trong nhitng dung m6i nhan proton (base), nguoi ta hay dung chi thi xanh
thymoL paranitrophenylazo - 4 resorcinol, orthonitranilin.

Céac chi thi mau nay cling hay duwQc st dung trong dung moi c6 proton hoat
dong fmodi trvong nwéc). That vay, cac chi thi nay la nhitng acid (hay base) yéu hon
nhitng chat dinh lvong. Co ché chuyén mau giong nhuw ¢ sy phan ly clia dung moi
hay khong.

6.4.4. ’'ng dung viéc chuan do trong moi trvong khan

Phai két hop dung méi, chat chuan do, diém két thac, xét do tan, gia ca thudc
thlr, do doc, trang thiét bi,...
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Bang 7.14. MOt s6 diéu can ghi nhé khi dinh lvong trong moi triedng khan

Dung moi

Dung dich
chuan do

CAc chat

gobc

Coché

rng dung

Pinh lvgng acid: benzen; toluen; dimethylformamid; aceton; ceton; acetonitril; con
tert-butyl.

Pinh Iwong base: acid acetic khan; hon hop acid acetic khan va anhydrid acetic c6
budc nhay 1én hon acid acetic; cac anhydrid acetic tac dong véi amin bac 1 va bac
2 khi néng: acetonitril; benzen; toluen.

binh lwvgng acid: KOH/ EtOH; KOH/MeOH; CHsOMe/ Methylat alcalin; CHgOMe/
benzen-MeOH (95/5): dung dich ammonium béac 4 nhw hydroxy tertbutyl;
ammonium / benzen -MeOH (95/5)

binh lvong base; acid percloric/1-4 dioxan; acid percloric/ acid acetic khan; HCI it
dung.

Pinh Iwgng acid: acid benzoic (CgHs COOH); acid succinic; acid sulfanilic; phtalat
acid kali.

binh Ivgng base; phtalat acid kali.

Pinh luvgng acid
AH + C5H5N  A- C5H5NH"

AXsHSNH'+KOH” AK+ CjHsH"OH-

binh luvgng base
R-NH2 + CH3COOH 5 R-NH3CH3COO-
R-NH3 CH3CO00- + HCIO4 RNH3XI04- + CH3COOH

R-NH2 +HCIO4~R N H 3'CI04-
Pinh lwgng acid: dinh lugng cac barbituric

Binh luong base: dinh lwong cac base hiru co

Truong hQp dac biét:

Khé tan: dun néng can than vi co thé acetyl hoa nhitng nhém amin. Thém
lvong it acid formic dé lam ting hang s6 dién ly cia dung mdi nham dé hoa tan
chat can dinh lvgng nhwng luvong acid formic dua vao cang it cang to't vi pK cla
acid formic (3,75) < pK” cla acid acetic (4,75) nhwng ddi khi acid formic cd thé
trung hoa cac base yéu.
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TU KHOA

- Phwong phap acid base - Chuan dd trung hoa

- Thuyét Bronsted - Puong cong chuan do

- Henderson - Hasselbalch - Dung dich dém

- Chat lutng tinh - Dung lvgng dém

- pH, pK, - Chuéan d6 trong moi trvong khan

CAU HOI LUONG GIA

1. Trinh bay thuyét Bronsted va Lewis vé acid - base. Trong bai, acid - base
duoc viét theo quan diém nao.

2. Trinh bay cach xac dinh pH, pK,.

3. Trinh bay céc giai doan khi tién hanh chuan do trung hoa. pH thay doi nhw

nao khi chudn do6 100 ml HCI O.IN bang NaOH 0,1N (khéng tinh dén sy pha
loéng)?

4. Binh nghTa dung dich dém. Kha nang dém? Dung lwvgng dém? Trinh bay viéc
trng dung dung dich dém trong nganh Duoc.

5. Néu nguyén tac va co ché phan ng khi dinh lvong acid - base trong moi
truong khan?

6. Binh nghfa cac chi sb acid, chi so' ester, chi s3" acetyl va y nghia xac dinh
trong thuc té.

7. Néu mot 8" chat chuan dd goc va trvong hOp str dung trong phuong phap
acid - base.

8. Trinh bay khoang d6i mau chi thi dung trong phuvong phap chuan do acid -
base.

CAU HOI TRAC NGHIEM

1. Quan niém vé acid base trong baigidng nay la theo thuyétcda........

a. Langmur c. Bronsted e. Henderson -Hasselbalch

b. Lewis d. Faraday

2. Theo thuyét acid base dd néu trong bai, acid la nhitng chat c6 kha nang ...
......... proton.

a. phan ly c. nhan. e. trao doi

b. cho d. tham gia bat git
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3. Mot base lién hOp véi acid manh cé luc.....

a. trung binh c. Yéu e. coi nhu bod qua

b. kha yéu d. rat yéu

b, la dung dich khang lai sy thay d6i pH khi thém acid hay base
manh vao dung dich hoac la dung dich ma khi pha lodng thi pH clia dung dich
thay dai it.

a. Dung dich kém phan c. Dung dich dém e. Tatcd caccau déu

cue dang
b. Dung dich phan cuc d. Dung dich phan
ly

5. pH cda dung dich natri hydroxyd (.19.10“*mol.dm*? la:...... Xem NaOH nhuw
phan ly hoan toan

a. 10,2 c. 2,92 e. 111

b. 7,3 d. 12,6

6. Mudi nao sau day khi hoa tan vao nwéc sé cho mot dung dich c6 pH gan
bang 7?

a. Kali carbonat c. Natri nitrat e Ammonium nitrat

b. Ammonium bromid d. Natri cyanid

7. Mot mau chira 15,0 cm™ HCI duoc chudn dd bang dung dich NaOH 0,0830
mol.dm‘“*. Diém két thic dat dwoc sau khi thém 19,2 cm® NaOH. No6ng do cta HCI

la bao nhiéu?
a. 0,178 mol.dm*™ c. 0,130 mol.dm*? e. 0,106 mol.dm*“»
b. 0,0648 mol.dm™ d. 0,212 mol.dm*?

8. Trong dung moi la acid, cac chét tan la ...... sé& khé phan ly hon (vi giam su
cho proton)

a. chat trao ddi ion c. chat lwdng tinh e. chét trao doi dién tlr
b. base d. acid
9. H20+H20 H30" +0H-;  ~[HgOnIOH 1,
[H20]
clla nuwéc, & 25°c thi =
a. 14 C. +7 e. 0
b. £14 d 7
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10. Dung dich chuan dd hay dwoc st dung dé dinh lvgng base yéu trong moi
truong khan nwéc 1a dung dich

a. acid percloric 0,1N / acid hydrocloric
b. acid percloric 0,1N / acid acetic

c. KOHMeOH

d KOH /EtOH.

e. acid percloric 0,1N / acid acetic khan
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Chuwong 8
PHOONG PHAP OXY HOA - KHU

NOI DUNG

1. sy OXY HOA - KHU

1.1. Binh nghfa phan &ng oxy hoa - kh

Phan (ng oxy hoa - khir la phan (rng trao doi electron gitra hai hOp chat: mot
hOp chat nhuong electron (chat khir) va moét kia nhan (chat oxy hod).

Thi du: Thém dung dich sat(I11) clorid vao thiéc(ll) clorid thi phan &¥ng can
bang nhu sau:

2FeC 13" S11CI12—" 2F©CI2"" SnCl4 (8.1

D& mdi nguyén tir gam sat (111) (55,85 gam) bi khir thanh sat (I11) phai st dung
96,493 («96500) Coulomb (1 Faraday) va can st dung (2 X96.500) Coulomb dé moi
nguyén tr gam thiéc (1) (118,70 gam) bi oxy hoa thanh thiéc (IV).

Trong phan &ng trén, dién tich clorid khong thay doi do khong tham du vao
phan ng oxy hoa - kh.
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Phan (ng (8.1) dwgc xem nhu thi du chung cta 2 phan tng cung mét luc:
+2e A 2 e
Sn-" -> 811" + 2e
2Fe™M + S\ > 2Fe2*+Sn'"
Nhu vay: - s oxy hoa; su mat e
- suw khtt: suw nhan e~
« Khi c6 st oxy hoa xay ra la c6 sy khir vd moi e nhan duoc bdi chat oxy hoa la
do chat khr bi mat di.
« Chat khir va chat oxy hoa co thé la hai chat hoa hoc (phan (rng hoa hoc) hodc la
mot chat hoa hoc va moét dién cuc ma thé duQc chon thich hOp (phan Gng dién hod).
Trong phan (ng dién ho4, tuy gia tri cua thé dién cwc ma dién cuc sé nhuong e va
khir chat hoa hoc hoac la nhan e~va oxy hoa chat hoa hoc.

Hinh 8.1 minh hoa mét thi nghiém phan (ng oxy hoa - kh&: hai binh chtra
duDg dich ni nhau bang mot cau mudi 1a dng dan thuong dugc tao bang dung dich
KCI bdo hoa d& duoc gel hoa (agar - agar). Nhing vao moi binh mét dién cuc Pt
(dién cuc txo) va nodi v6i mot volt ké.

Khi xudt hién thé, nghta la diing dich thiéc (II) ¢c6 khuynh hwéng cung céap
nhitng e~ cho dung dich sat (111). Dong dién di qua cho dén khi tao sw can bang.
Nhuw vay, cap oxy hoa - khit két hOp dang oxy hoé va dang khr sé twong (rng v6i su
trao doi e~.

Noéi chung, 1 phan (*ng oxy hoda - khir cd thé trinh bay nhv sau:

pOxj +ne — pKhj
gKhz gOx2 + ne
pOxi + qKh2 -> pKhi + gOx2

1™, Nhan xét

Phan ng oxy hoa - khi tlrc la qua trinh cho nhan electron cd thé thuc hién
trong cac dung dich riéng ré (hinh 8.1). Con trong phan (ng acid base thi qua
trinh chuyén tlr acid sang base chi dwgc thwc hién tryc ti€p trong moét dung
dich (hinh 8. 2), H" khong thé chuyén tir chat cho sang chat nhan thong goa mot
day dan dién t nhu trong phan ¢ng oxy hoé - kh.

Ve téc do phan (rng: c6 nhiéu phan (ng oxy hoa xay ra cham nén céac phuong
phap chuan d6 dwa vao phan (rng nay thuong doi hdi tang nhiét do, thém xuc tac.
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Ly do la phan (*ng xay ra qua nhiéu giai doan. Quéa trinh chuyén electron la mét
trong chudi c4c giai doan dé (pha v lién két, proton hod, sap xép lai phan tt...)
Ve su ¢c6 mat cia dung moi nwéc: trong phan rng oxy hoa - khir néu phan t
nwoc tham gia vao phan tng:
2H.,0" 20H"+2HA
2H20 ~ 02+ 4H™ + 4¢'

Khi H., va 02 dwoc gidi phong ra khoéi dung dich. Trong cac phdn (rng oxy
hoa-kh* nguwoi ta tim cach tranh qua trinh oxy hoa hoac khir nuwéc.

Buret chira dung
dich chudn do

bién cut bién cuc

Platin Platin
Binh nén chira

dung dich can
chuén do va
chat chi thi

Hinh 8.1. Phan (rng oxy hoa - khir xdy  Hinh 8.2. Phan (rng oxy hoa - khr xay ra trong mot
ra trong hai dung dich dung dich

1.3. Thé oxy hoa - kht

Khi 1 kim loai nhing vao dung dich mudi ctia kim loai nay sé tao mot ban pin.

Thi du:

- Kém nhung trong dung dich kém sulfat tao ban pin (ban pin oxy hod)

- Bong nhiing trong dung dich déng sulfat cling tao ban pin (ban pin kht).

Pin dién hoa Galvanic dugc tao thanh bdi 2 ban pin, moi ban pin gdom mot
thanh kim loai nhung trong dung dich dién ly (hinh 8. 3). Hai ban pin n6i nhau
bang mot cAu mudi va cd hai ban pin ciing dwoc ndi nhau bén ngoai bdi mot day
dan (hinh 8. 4). cAu mudi 12 mdt hang rao c6 16 x6p ngan su tron l1an cha dung
dich nwéc trong cac ban pin nhwng cho phép cac ion di chuyén & ca hai chiéu dé
duy tri trung tinh dién tich. Theo sw sap xép nay thi cac electron cung cip boi
phan ng oxy hoa sé di ngang qua dong dién bén ngoai dén ndi xdy ra phan ng
khitr. Khi cac ban pin dugc ndi nhau thi phan ¢ng tu xady ra va kim volt ké léch di
chi rd 1a c6 sw khac nhau vé thé nang. Thé nang nay I3 thé oxy hod - kh.
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Ban pin oxy hoa Ban pin khtr
Zn N + 2e~ Cu+2e" Cu
Zn
son
v J
bién cuc kém trong dd kém Dién cuc dong trong dd déng

Hinh 8.3. Cac ban pin oxy hoéa - khtr

Cau
mudi
V(e
ion di
chuyén
SO*

bién cuc kém trong sulfat kém bién cuc dong trong dd sulfat dong

Hinh 8.4. So d6 cau tao 1 pin dién hoa

Thidu: hai ban pin la tir cac kim loai:

Kém Zn (ran) — (dung dich) + 2 e~
va  dong Cu™(dung dich) + 2 e~* Cu (ran)
Zn la mot kim loai ¢6 kha nang cho nhitng electron dé tao thanh ion di

vao dung dich (nghfa la cho cac e”), do vay dién cuc kém tich dién am. Con cac ion

trong dung dich dén tich dién trén dién cuc lam dién cuc dong co dién tich
dwdng. Cung luc s c6 2 phan rng nguoc nhau va phan trng nay sé manh hon phan
rng kia. Sau cling, phai c6 mot s can bang duoc thiét 1ap va dién cuc phai cd “thé
can bang” E duong hay am. Gia tri cta thé oxy hoa - khir can bang dwoc cho boi
phuong trinh Nernst:

E=En+RT|n n+
nF

T: nhiét do tuyét doi
F: s6 Faraday (96500 Coulomb)
n; lwong e~ st dung
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Ed hang s6”phu thudc kim loai
R: hang s&khi ly twdng (8,314 J/dd K. mol)
aj: hoat dd cla ion trong dung dich
- Néu dung dich dwoc pha lodng day du thi hoat do c6 thé st dung lan
véi ndng do kim loai
- I&ii thay R = 8,314 J/d6 K. mol va F bang gia tri cla né (& 25°c thi
T = 273° + 25° = 298°K) va ti€p tuc chuyén In thanh Ig (In =2,303 Ig thi
phwong trinh Nernst tré thanh

, 0,0001983x298xIg[M"+]
n

E —En

E=E,.M52X,g[M -]
n

Khi nbng do hay hoat dd = 1 (don vi) thi thé nhan duoc boi dién cuc bang Eq.
Eq thé chuan cla hé thong oxy hoa - khir tao thanh béi kim loai va ion twong
tng cua no / Mg
Nhu vay su ion hod va sy oxyd hoa - khir duOc hiéu theo nghta hep:
lon M™: dang oxy hoa tlr nguyén t6"M®), ri€u xét phan &ng: +ne”->M°
Cling vay, dor véi phi kim loai thi dang ion hoa la dang khir con nguyén t6"la
dang oxy hoa:
Cl2 2e —2ClI
Khai niém tong quat nay cling ap dung cho (chi la dang oxy hoa tir llguyén
t6" hydro).
2HMN + 2e* N H2
bién cuc hydro (hinh 8.5), tao thanh b&i mot dién
cwc Pt bdo hoa khi hydro nhing chim trong mét dung
dich H™ (vi du: HCI IM) c6 thé E dwoc cho bdi biéu
thirc tdng quat:
E=E, +0,0591 Ig[HI
Khi hoat dd bang 1 nghia la [HY] = 1 thi
E= E,(2H"/H2).

bién cuc Pt

Hinh 8.5. Bién cwc hydro
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Theo quy wdc, thé chudn Eo cta hydro bang 0,00 volt va thé oxy hoa - khir cla
nhitng hé théng khac dugc xac dinh bang cach so sanh voi thé cia dién cwc nay.

Nhu vay, c6 thé phan loai nhitng hé thong oxy hod - khir khac nhau duwQc tao
thanh bai kim loai va ion twong ng theo thé chuan cla né (bang 8.1).

Thé cang thédp, kim loai cang c6 khuynh huéng cung cép ion dé di vao dung dich.

Thi du: Natri la chat khr phan tng kha manh véi nwéc dé cho ion Na”.

1.4. Hé thong oxy hoa - khr hoa tan

Mot kim loai khi hoa tan vao dung dich c6 thé cho nhi*rng ion tvong (rng véi
nhiéu hoa tri khac nhau.

Bang 8.1. Thé chuan (volt) cia mét vai cap oxy hoa- khir

Chat S6 Chat Thé Chat S6 Chat Thé
oxy electron khtr  chuan oxy hoa electron Khcr chuan
hoa trao doi V) trao doi (V)
Li" + e" — Li° -3.03 + 2e- Cu° +0,34
K+ e’ > K° 292 2 + 2e- > 2\- +0,5345
Na" + e" Na° -2.70 + e~ -> +0,77
Zn™  * 2e" Zn°  -0.76 + e’ Ag° +0,80
Fer + 2e~ Fec -0.44 Br® + 2e- — 2Br +1,08
+ e~ -0.41 CI3 + 2e- 2cr +1,36
Snr F 2e" Sn° -0.14 cCronN 6é’ -> +1,36
2W + e H, 0.000 Mn04~ + 5e* +1,51
S+ e' +0.14 + e’ +1,60
+ 3e- —- Bi° +0.23 Spsr 0t 2e" 2S04 +2,0

Thidu: Nguyén t thi€c c6 nhirng ion thiéc (I1) va thiéc (IV). Sn* + 2e -> ST™

Nguyén tl sat cd nhitng ion sét (I1) va sét (111). +e" >

lon cé dién tich duvong I6n nhat twong tng voéi dang oxy hoa va ion cé dién tich
duong nhé nhat tvong (ng voi dang kho.

MOt dién cuc tro (platine, vang....) dwoc nhang vao hén hOp sé gitr mot thé xac
dinh. Thé nay bién thién theo néng dd cla trng dang oxy hoa va dang khir theo
phuong trinh

° n [Kh]

Né&u cac ndng dd & dang oxy hoa va dang khi* bang nhau, thé dwoc gitt trong dién
cuc bang E,, va Eo duoc goi 1a thé chudn cla hé théng. Do dd, co thé thiét 1ap mot bang
sdp x&p nhitng hé théng oxy hoé - khir hoa tan theo thé chudn ctia mdi thi.
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Mot kim loai sé dich chuyén ion kim loai tvong (rng vao mot hé thong oxy hoa
- khir c6 thé cao hon.
Thi du: L6p mdng sat (co thé chudn -0,44 V) sé bi dong (c6 thé chudn +0,34 V)
phu Ién khi né dugc nhdng chim trong dung dich dong.
Cung cach nay, cdé thé phan loai hé théng oxy hoa - khir dwgc thanh lap boi
halogen va céc ion cua né:
Hé thdng oxy hoa - khir  Thé chuan (volt)

F2+2e ™ 2F~ + 2,65
Cl2+ 2e ™ 2Cr + 1,36
Br2+2e”™ 2Br*" + 1,08
i2+2enr2r +0,534

Nhu vay clor oxy hod bromid va iodid dé phéng thich Ian lwvot brom va iod con
brom thi oxy hoa nhirng iodid dé phéng thich iod.
1.5. Thé oxy hoa - khir biéu kién

Trong thuc té, chat oxy hoa va chéat khir cia moét cap lién hOp thudng tham gia
vao nhirtng phan &ng khac nhv phan ng acid - base, phdn rng tao phttc, phan
trng két tha. Do do thé oxy hoa - khir nhan duoc goi la thé oxy hoa - khit biéu kién
cling bi anh hwdng bdi nhiéu yéu t6"'khac do cac phan ng nay.

1.5.1. Anh huéng cta pH

a) Thidu 1: Thébiéu kién cla hé thong MnJ* / MnMA
Trong moi trvéng acid: + 5e" ->
Trong thuc t€, hé thong oxy hoa - khir nay tao thanh cap Mno4~/ twdng
trng voi can bang:
Mn04~+ 8H" + 5e / +4H20
Thé cla hé théhg phu thudc vao néng do proton
; 00591 - [MnOTI[H+]*

5 [Mn™1]

E- Eo

1157£1|7£o¢’0’0591’|g [[Mn04"]-)- (0’0591 X8& XpH) (8.2)

Khi néng dd & dang oxy hoa = dang khit, nghia la [MnOIl ] = [M""]

thi Eo ilég —————— —0’%%(pl—l“
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dé la gia tri cha thé chuan biéu kién va E'o = Eo - 0,0944 pH

A pH cang cao thi gia tri thé chuan biéu kién cang thap.

=> lon permanganat la chat oxy hoa cang manh khi tinh acid ctia mdi truéng
cang manh.

Noéng dd  dong mot vai tro trong su can bang do vay ma thé biéu kién clta hé
thong phu thudc vao pH.

b)Thidu 2: Théhiéu kién cla hé thdng I

Trong phép do oxy hoa - khir, kha nang khr cta arsenic (I11) dwoc si dung rat
rong rdi, kha nang oxy hoa cla arsenic (V) cling cé thé co lgi trong vai tredng hOp.

Hé théng oxy hoa - khir tvong (ng vai sy can bang;
ii; AsM+2e"
Arsenic (V) tvdng (rng v@i acid arsenic H3ASO4.

Do la nhitng da acid (nhiéu proton trong mot acid) ma s ion hoa thay déi theo
pH clia moi trudng Gién quan dén pK” clia nhirng nac acid khac nhau).

Volts

Hinh 8.6. Thé chuan biéu kién ctia hé As (V) / As (lll)

- Dang oxy hoa cua As(V) thwong & dang phan tir va 3 dang ion hoa:
H3ASO4.H2ASOI|, HAsO T, AsOl~

Voi nhitng pKa tuvong ¢ng: pKj =2,2; pKg = 7,0; pK3= 11,5.

- Dang khtr caa As(l11) twong ’ng véi mdt dang phan tir va voi 3 dang ion hoa
HoAsO3 HgAsOg, HAsOg”, ASO3"

Voi nhitng pK”trong ing: pK\ =8,1; pK2=12,1; pK3=13,4
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Do vay, néng do cta nhitng dang khac nhau sé thay doi theo pH va 6 mot pH
nhat dinh thi sé c6 vai hé thong chiém wu thé (hinh 8.4).
Thi du:
- pH < 2, si can bang nhu sau:
H3AS04 + 2H™ + 2e —> H3ASO3 + H20
- pH = 2,2 tré di, tinh acid tht nhat bi ion hoa va H2ASO4 chinh la dang
chiém wu thé:

H2ASOI| + 3H” + 2e ~ H3ASO3 + H20
- pH =7- 8, dang H2AsO4* chiém wu thé:
HAsSO|~ + 4H" + 2e HgAsOg + HgO

Thé tvong (ng tir ba can bang trén dugc tinh toan theo cac biéu thic sau:

E=E, | =E,. 0.02955 (I - 2pH
2 g [H3ASO03] (Ig [H3ASO3J PH)

E=E,. = E,,.0.02955 (lIg 3pH)
2 [H3ASO3] [H3AS03]

E=E, + 2iEl1 Ig 0,0295 (Ig
2 [H3ASO3] [H3ASO3]

Theo dinh nghTa, thé chudn duoc xac dinh khi ndng do clia dang oxy hoa bang
nong do cla dang khir: thé chuan biéu kién cta 3 hé thong twong (ng v6i 3 si can
bang duoc cho theo biéu thic:

Eo’= Eo- 0,059pH, Eo’- Eo- 0,0885pH, Eo”- Eo- 0,118pH
Thé oxy hoad - kht chuan biéu kién gidm khi pH tdang va nhw vay anh hwong
cta pH trén hé thong (HAsO"”/ H3ASO3) quan trong hon trén hé& théng (H2ASO I/

H3ASO3)vahon hé théong (H3ASO4/H3AS0O3) Do dbc cla tirng doan thdng twong &ng
voi 3 phan cang Ién khi sy ion hoa cang I6n.
Xét mot phan ¢ng cd dién khir iod bang anhydrid arseno

H2AS0O3 + H 20 i=; HAsO |“ + 2e + 3H"
12+ 2e S
H:ASO: + I. + H:0 N HAsO|“ +.., . 3H"

pH khong cd anh hwdng nao trén thé chuan cda hé thohg 17 r =+ 0,53 volt.
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Phan rng coi nhu la hoan toan khi hiéu thé gilra hai hé théng déi khang trong
khoang 0,3 volt. Trong phan tich chudn dod ddéi vdi iod, hé thong As~"~/As~A chi ¢é
thé dwoc st dung nhuw la chat khr khi né c6 thé < 0,53 - 0,3 = 0,23 volt, ¢6 nghTa la
theo ly thuyét néu pH cla moi truong phan tng > 4 thi trén thwc té néu mudn oxy
hoda mot dung dich arseno bang iod thi ngwoi ta phai dém dung dich nay bang
natri hay kali hydrocarbonat.

1.5.2. Anh hwdng cla su tao phirc

Xét mot kim loai c6 khd ndang cho hai ion c6 dién tich khac nhau, ion
twong rng v&i dang oxy hoda va ion IVT dang kh.

E,, la thé chuan cla hé théng: +e->

Nhirng ion kim loai nay c6 kha nang tao phirc véi thubc thr X va nhitng hang
s6 phan ly ctia moi phic chat nhu sau:

MXAAMA +X ; KKh" — (8.4)
[MX~"]
Eo la thé chuén cla hé thong & tirng thoi diém thé nay tuan theo dinh
ludt Nernst.
E=E,+ 0051 I g |~ (8.5)
M ]

T (8.3) va (8.4), ta thu duoc;

khi thé vao (85): E = Eo + 0,0591 1gi1s ~ + 0,0591 — i
[Kkhl [MX~7]

E = Eo+ 0,0591 1IgO™ — -* v6i E'o= Eo + 0,0591 IgEo>d
[MX+] [KKh]

Kox va Kp<h 1a nhitng hdang s6 nén 0,0591 IgiHe~d ciing 1a hang s6’
[KKkhl

Do do6, E'ola thé chuan biéu kién cla hé thong oxy hoa - khir

MXMIMX?;, MXW + e MM XA
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Kkk bién thién theo dd bén vitng ctia moi phirc va thwong la cac hang sb
nay rat nho vi trong truong hOp nay do bén virng cta phic I6n nhat khi ion lién
hOp tich dién nhiéu hon, hé th6ng MX"/MX™ ¢c6 tinh kh&* manh hon hé th6hg
M-W .

Truwong hgp dac biét:

Né&u chi mdi mot dang oxy hoé tw tao phtrc thi phép tinh twong tw sé ching to
la E’ocang nho thi phirc cang bén (Kox  nhd). Thé cang yéu thi lvgng thira thude
thr tao phtrc X cang lon.

E’o= Eo + 0,0591 Igk™x va E = E'o+ 0,0591

[M?][X]
Thidu: Xét hé thong oxy hoad -kh( N +le”
E=Eo+0,059 Ig (8.6)
Thém ion cyanid (CN*)vao dung dich chira / Co™ s lam maét di cac ion tu

do nay do tao nén phtc cyanid: Co(CN)6™~va Co(CN)6"~

Co(CN)g“ + 6CN-; (8.7)
[Co(CN)I-]
Co(CN)g"  Co2++6CN“ ; Kja=— (8.8.)
[Co(CN)"]
Kox va Kjoj 1an luot 1a nhitng hdng s6 phtc cla va clla Co™\ T céc
phuwong trinli (8.7) va (8.8) nguoi ta thu dugc:
3., " K,[Co(CN)j-] 2, ™ Kfci.tCo(CN)|-]
[CN'f [CN“f
Thay thé [Co™] va [Co™"] vao phuong trinh (8.6)
\3-i
E = Eo + 0,059 Ig +0,059

[KKN] [CQN)I]

thi co thé xac dinh thé chuan méi E’otuvong ¢ng voi hé thong méi Co(CN)™ /
Co(CN}~"

Eo = Eo+ 0,059 IgliSoxJ
[Kkh]
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- thay doi theo do bén virng cua tirng phirc Co(CN)g va Co(CN)g
IKKn]

Nguoi ta ¢ thé chirng to rang phitc Co(CN)g bén hon phirc Co(CN)g , nghfa

la ty s6 ~rat nhé (khoang 10 ™). Hé thong méi nay cé tinh khir rat manh.
[Kkh1

1.5.3. Anh huéng cla suv tao két tda

Twong tv nhuv treong hop tao phirc, dang oxy hoa Mox hoac dang khir Mkh tao
thEwti hOp chét it tan voi mot chat Y nao do. K&t qua la nong do giam lam thay doi
thé dién cuc cla cap. Gia st dang khir Mjj, tao két tla voi Y:

Mkh + mY
vai hang SOTST = [Mkh][Y]"

............... M oJd

E -P , S N ]
(iViox/Mikh) + ——- N ig {MKh\T

0,0591 , (Mojm=*"

n (Mox/MKh) + — Ag TST
0,0591 , [TST] . 0,0591
E - Eo, (Mox/MKh)--—---— g [-*r1;]M (8.9)
n [Y] n
0,0591 , st~ A . 0,0591
E 'o=Fo, (NioxA Kh— [T L va E = Eo+ Ig[M,,J
n ™ n

E’o thé oxy hoad - khir chuan biéu kién.

Nhuw vay, néu dang khir cia cdp tao hOp chat it tan thi khi két tila c6 TST cang
nhd, nong do thudc thtr Y cang I6n thi thé oxy hod - khir cang tang. Néu két tla
xay ra vai dang oxy hoa M(,J thi dé dang suy ra thé oxy hoa cla cap sé giam di.

Thidu:
Taih thé chuan biéu kién cta cap CurVCu” khi thém ion r tao két tia Cul voi
TST = 10"M Biét A =017 va nong do [n=[IM]
Hai ban phan tng: +e Cunr
CutM+r Cul i
te+r Culi

va E = E'0o- 0,0591.1g(10~"2/:") ~ 0,8792(V)
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Sv c6 mat cia | tao két tha Cul lam cho kha ndang oxy hoa cua tang
Ién nhiéu.
1.6. Sy thay ddi thé trong quéa trinh phan rng - Hang s6' can bang
Xét hai qua trinh hoa tan 1 va 2 cla 2 hé thong c6 thé oxy hoa - khtr
khac nhau:
Oxj + qe -> Khj
Kh2 pe + 0 X
Néu thé chuan cla hé thong Oxj/Khi cao hon thé chuan cla hé th6iig OX2KI12

Khi p phan tir cia Oxi tac dong trén g phan tl cta Kl2thi phan (ng sé can bang
va can bang nay sé bién thién theo thé cta hé théng oxy hoa - kht.

pOxi + pge pKhi
gKh2 gpe + qOxg
pOxi + qKh2 -> pKhi + qOx2
T phéan (ng nay, hiang s8'canbang K duoc tinh theo biéu thic;
[KhilP
[OXilPXIKhAI®
Theo dinh luat Nernst. Khi cac hé théng nay can bang thi thé E twong ¢ng voi
moi hé théng bang nhau. Néu Ey va B, Ian luot 1 thé chuén cua tirng hé théng:

E= (8.10)
pq  [Khi]P Pq [Kh2]1
.Ei-Ei="1g A Ig K
pq [Oxi]P x[Kh2]4 pg
(El, -E™)pq
| g K=— 811
J 0,0591 (811

Trong treong hOp phan ng chi st dung 1 electron [thi du nhuv sy oxy hoa cua
Fe(I1) bang cesium(IV)], biéu thirc tré thanh:

0,0591
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1.7. Thé & diém twong duong
Co thé tinh thé 0 diém twong ducing doi voi mot phan ng dwoc st dung trong
phan tich dinh lwgng. Gia st 6 mot thoi diém nao dé dung dich Oxi duoc thém vao

dung dich Kho. Theo (8.10)

E(p +0) = pEb +p 21059 L4 [OXO1™ (e n , 0.0591, JOXjp

Pq [khop pq [khjp

E(p+q) = pEl +gEI +0,0591 x |
(p+q) =p q x 19 (KhiI[Kh: 3

Tai diém tvong dvong, két qua ludn duQc xac thuc:
p[Oxi] = gqiKhJ va p[KhJ = giOxg]
vi 0 x9va Khj chi ¢ thé cd dudce tir sw khir Oxjbdi Kh2-

Phuwong trinh trén dwOc don gian hoa vi biéu thirc J=1
[Khi][Kh: ]

dodo: lggiid[gT2I=0,i,E .34"
(Kh,)[Kh2l P+ q

Trong trudng hOp dac biét, cac phan &ng chi str dung mot e~ c5 n =1,
n

thi E bang:
g= EI+E" (8.12)
2
Ap dung: CO thé tinh gia tri K va thé & diém twong dwong trong hai thi du
dwoc st dung sau day.
Thidu 1: Tinh K
» Oxy hoa Sn (I1) bai Fe(ll)

+en X E', =+ 0,77 (volt)
-> +2e ; EJ =+ 0,14 (volt)
Theo (8.11) IgK , 214 ; K=10-M"

* Oxy hoa Fe (Il) b&i Ce(TV)

+ E,* =+1,60 volt

N +e Ei =+0,77 volt
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IgK= «14,07« 14 K=10~"*
0,059

Thidu 2: Tinh thé o diém twong duong:
Trong hai trwong hOp trén, phan (ng cd thé dwoc xem nhw dich chuyén hoan
toan vé phia phai, & diém tuvong dwong, theo (8,12) c6 thé la:
Pé dinh Iwong Sn(ll) bang Fe(lIl)
E= (2x0,77)+ 0,14 " A
3
Pé dinh lvong Fe(ll) bang Ce(1V)
E=(1.60+0,77) "

2. PHUONG PHAP CHUAN DO OXY HOA - KHU

2.1. Binh nghTa

Phép chuan dd oxy hoa - khit la phwong phap phan tich thé tich dung dung
dich chudn cla chét oxy hod dé chuin do chat kh& nhu sat (11), mangan (1),
iodid... hodc dung dich chudn cta chét khir d€ chuén do chat oxy hoa nhu sat (I1),
Mn (VID...

Ngoai ra, c6 nhitng hOp chat khéng co6 tinh oxy hoa - khtr nhung phan tng
hoan toan vai chat oxy hoa hay chat khir (tao két tlia hodc phtrc chat) cling co thé
dinh luvgng theo phudng phap nay.

2.2 Yéu cau clha phan &*ng oxy hoa - kh*r dung trong phéan tich thé tich

e Phan (rng xay ra theo chiéu can thiét.

* Phan (*ng phai hoan toan.

* Phan (ng xay ra dd nhanh.

Chiéu clia mot phan (rng duoc dv bao dwa vao thé oxy hoa - khir chuan. Trong
phan hang s6 can bang da trinh bay AEg tdi thiéu dé cho phan ¢ng xay ra hoan
toan. Tuy nhién hiéu AEqchi cho ta biét khd nang xay ra phan ng, con thuc té
phan ng co6 xay ra khong, téc d6 nhanh hay cham phu thudc ca vao ban chat hoa
hoc cua ching. Nhw da néu & trén phan (ng oxy hoa - khir thwdong la qué trinh

phirc tap, xay ra qua nhiéu giai doan trung gian. Do vay toc dd phan (ng thudng la
cham, nhiéu khi khéng déap &ng yéu cau dinh luwgng.
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2.3. Cac bién phap dé lam téang téc do phan &ng

a) Tang nhiét do'. Khi nhiét do tang thuong thi téic d6 phan ¢ng tang theo. DOi
véi hé dong thé khi nhiét do tang 10°c, toc do phan (ng tang 1én khoang 2-3 lan.
Thi du phan &ng gitta dung dich KMnO4 voi acid oxalic H2C204 xay ra cham &
nhiét do thuwong, khi dun néng phan trng nay xay ra kha nhanh. Nhung c6 treong
hOp khong thé dung nhiét dd dé lam tang toic dd phan &ng, vi tang nhiét dd sé lam
bay hoi chat phan (rng (nhu iod), tao phan (rng oxy hoa do oxy ctia khéng khi.

b) Tang nong do: Trong mot s6 truong hOp ngudi ta tang ndng dd cla thudce
thtr dé lam tang toc do phan ng va hay st dung ky thuat chuan do nguOc dé xac
dinh nong do.

c) Dung chat xtc tac: Cac phan tng oxy hoa - khir xdy ra qua nhiéu giai doan
trung gian. Chéat xudc tac thuong lam tang téc do cla cac giai doan trung gian nay.
Vi du: iodid (I~) duoc ding dé x(c tac cho phan ¢ng oxy hoa 8203* bang H202.

d) C6 nhitng phan *ng ma san pham tao thanh déng vai tro xuc tac cho chinh
phan tng do. Thi du: trong chuén dd bang thuéc thir KMn04.

2.4. Khao sat sw bién thién cua tiié oxy hoa - khr, dwong cong chuan
ddé oxy hoda - khr

Tuwong tv nhuw treong hOp chuan do acid-base. Trong qua trinh chuan d6 oxy
hoa - khir, ndng do thudc thtr va chit can chudn do ludn thay déi. Diéu do dan dén
s thay d6i thé. C6 thé bi€u dién su bién d6i cta thé theo thé tich chat chudn do

trén moét dd thi nhu biéu dién sy bién ddi pH theo thé tich chat chudn do (bai
chuan do acid -base).

Bai toan: V& duwong cong chuan dd khi dinh lvgng 50,0ml dung dich 0,2M
bang dimg dich MnO| 0,IM méi tredng 1a H2SO4 (duy tri nong dd IM trong suét
qua trinh chuén do va [H* [udn ludn la IM).

Giai:

Phuwong trinh phan (rng xay ra nhw sau:

5Fe™ + MnO| +SHgO™  s5Fe™ + Mn2+ + 12H20

6 mol s&t (1) + Imol permanganat /mdi trudng acid cho 5 mol sat (l11) va 1
mol mangano

Ban phan tng 1. sFe™ +06e” Eo= 0,68 volt/

Ban phan trng 2. MnO| +8H" + de +4H20 ; Eq= 1,51 volt
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Hang sd can bang cta phan ¢ng nay dwoc tinh:
1K= =70,22 =, K=10-™*
0,0591 0,0591
vi thé co thé khadng dinh 1a chdt phan tich va chédt chudn dd phéan (ng
hoan toan.
- Sau khi thém 5mlI KMn04

lvong dau tién: 50ml x 0,2 il FeM~ = [Ommol
N
lvgng MnO4 thém vao: 5ml MnO4x 0,1 mmol MnOT
A N ml  MnO7Z
= 0,5mmol MnOl
lvgng Fe  tao thanh: 0,5mmol MnO4 X ommol
Immol MnO4
= 2,5mmol FN
lvong Fe” con lai: IOmmol - 2, 5Smmol F™Mx —
mmol
= 7,5mmol

Téng thé tich hién c6: 50 ml + 5ml = 55ml
Thé oxy hoa - khr ctia cap (FM/ Fe™) sau khi thém 5ml permanganat:

B2 Ere re ) P09 [Fensyss

E=068+00591 1g"= 065 (volt)
[7.9]

- Tinh thétai diém twong dvong

qEOQ+pEO _ (5x1,51)+ (1x0,68) J
p+q 6
- Sau khi thém 25 ml KMn04

lvong dau tién: 50ml x 0,2 i M- 1Ommol
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lvong Mno04 thém vao: 25ml MnO4 x 0,1 I MnO
m

= 2,5mmol Mno4

lvong tao thanh: IOmmol FeM x — = 2mmol
5mmol Fe
lvgng MnOl con lai = 2,5mmol MnOl - 2mmol AlmmolMnA
mmol Mn
= 0,5mmol MnOl

Téng thé tich hién c6: 50 ml + 60ml = [IOml

Thé oxy hoa - khir cta cap (MnOI /MY sé la:

p_p 00,0591 (MnOI][HAT
A(MnOJ/MnJ) 5 «
8
E=p51+ 2099 050X g 00591 oo gy

5 W o110 T !

Bang 8.2. Sy bién thién cia thé Etheo [MNnOI ] dwoc cho vao

. Puong biéu dién dinh lvong trong phuong phap oxy hoa - khir co dang twong
tv nhuv trong phuong phap trung hoa. & gan diém twong dwong cd budc nhay thé
dot ng6t. Co thé dung chi thi dé phat hién diém nay.
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« Puong biu dién khéng phu thudc vao dé pha lodng dung dich vi trong
phuwong trinh tinh thé E cho thady ty s6 nong do chat dxy hoa va chat khir khong
thay doi khi pha loéng.

e Tri s6 bu6c nhdy phu thudc vao hiéu s6' AEq= Eqi - Eg2e+Hiéu s6’AEo cang
I6n buwdc nhay thé cang cao.

Bién thién cua thé E trong quéa trinh chuan do.

2.5. Chi thi str dung trong phan &*rng oxy hoa - kh

2.0.1. Binh nghia

Chi thi oxy hod - khir Ia cac hé thong oxy hoa —kh& ma dang oxy hoa va dang
khit c6 mau khac nhau dé xac dinh diém két thic phan &ng.

2.5". Diéu kién str dung

Mot chéat chi thi oxy hoa - khir phai dap tng:

- Thay d6i mau ttrc thoi va cé thé cang thuan nghich cang tot (diéu kién nay
kho thuc hién dwgc vi it cd phdn (ng oxy hod - khi* nao xdy ra nhanh va
thuan nghich).

- DU d6 nhay: dé cé thé str dung mot lvong chi thi nhé ma khong ké dén sai so
do lvong dung dich chi thi oxy hoa hay khit da duoc tiéu thu dé xac dinh su thay
d6i clla mau sic.

2.5.3. Cochéchuyén mau cta chi thi oxy hoa - kht

- Co6 vai chi thi chuyén mau do cac dang oxy hoa va dang khr cla chi thi cd
mau sic khac nhau.

Thi du: Dung dich MnOIl c¢c6 mau tim dam. Tuy nhién, trong dung dich acid
thi dang khi* cua permanganat la gan nhv khéng mau. Khi MnOIl duogc st
dung nhu chat chudn dd oxy hoa thi dung dich sé khéng mau (do dung dich phan
tich c6 taki khr) cho dén lic giot thira MnOIl dau tién duwgc thém vao thi dung
dich nhudm mau hoi tim xanh sé cho biét diém két thic cla phan @ng.

- CO VEii chat chi thi chuyén mau khi két hOp v&i cac chéat oxy hod - khiv dic
biét c¢d trong dung dich chuan do.

Thidu: Tinh bét tao phtc xanh dwong véi 13 nén céd thé sir dung dé phat hién

sy c6 mat cua lugng thtra 13 (chuyén mau tr khéng mau sang xanh dwong) hay

tinh bot phat hién diém két thlGc clia phan ¢tng ma trong dé 13 da duvoc tiéu thu
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hét (chuyén tr mau xanh dwdng sang khéng mau). Thi du khac cta mot chi thi
loai nay la thiocyanat tao v6i Fe" phirc d6 Fe(SCN)N hoa tan.

- Tuy nhién, c6 loai chi thi chuyén mau la do thé dién hoa cta dung dich thay
d6i. Loai chi thi oxy hoda—khtr rat quan trong nay la cac chat khéng tham du vao
chuan do oxy hoa- khi*r nhwng chuyén mau la do khi thém chi thi loai nay vao
dung dich phan tich thi mau chi thi sé tuy thuéc vao thé dién hoa cta dung dich.
Vi si thay d6i mau dap (ng voi thé dién hoa nén nhitng hOp chat nay goi chung la
chi thi oxy hoa -kh& chuyén biét.

2.5.4. Phan loai chi thi oxy hoa - khr

Chi thi oxy hoa - khtr: c6 2 loai cht yéu la chi thi chung va chi thi chuyén biét.

« Chi thi chung: la nhitng chat cd mau thay déi khi bi oxy hoa hay bi kh.

 Chi thi chuyén biét: sy thay déi mau cla chi thi oxy - héa khir that su doc
lap véi ban chat hoad hoc cua chat phan tich, chat chuan do va tuy thudc vao su
thay doi thé dién cuwc clia hé thong xay ra trong lic chuan do.

Bang 8.3. Mot s6 chi thi oxy hoa - khtr

Tén chi thi Mau cua dang oxy hoa Mau cua dang khtr E° (V)
Indigo tetra sulfonat xanh dwong khéng mau 0,36
Xanh metriylen xanh duong khéng mau 0,53
Diphenylamin um khéng mau +0,76
Diphenylbenzidin tim khéng mau +0,76
Diphenyiamine sulfonic acid do tim khéng mau 0,85
Tris (2,2*- bipyridin) sat xanh dwong dam do 1,12
Ferroin xanh duong nhat do +1,06
Tris (5- nitro- xanh dwong dam dé tim 1,25

1,10-phenanthrolin) iron
Add phenylantranilic tim khéng mau +1,08

Dé chon chat chi thi cho mo6t phép chuan d6 nguwoi ta thwong dung phwong
phéap vé duong biéu dién sy bién thién cla thé theo thé tich, chi thi s& chon thuong
c6 thé chuan gan voéi thé chuan tai diém tvong dvong clia phan (rng oxy hoéa - kh.

Phan ¢ng d6i mau khéng luén ludn nhanh cta chi thi mang mau sé& dan dén
sai s6 hé thdng trong khi dinh lugng.
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Mat khac, vai moi truong phan ng c6 mau khdng st dung dwgc chéat chi thi.
DE loai di cac bat loi nay, nguoi ta st dung phép chuan do thé.

2.5.5. Khodng dbi mau cuta chi thi oxy hoa - khi

NéEu goi chi thi mang mau & dang oxy hoa la Iriox, dang kht 1a Inxh, thi:
I™ox + ne--——-> Irikh
Nhu vay, thé oxy hoad - khir clia hé thong cd thé viét la:
T7.TA0  0.0591  [lriKh]
n [Inox]
Efnla thé chudn cla hé thong liiox/ InjQi

Khoang d6i mau ctia mot chi thi oxy hoa - khr la khoang bién déi thé khi ty lé

chuyén tur =10 chuyén sang =—
Irikh Inkh 10

Nhu vay, khoang déi mau cda chi thi ndm trong gi6i han:

N
E d6i mau « E(J)n G 0.0591

n
Trong nhiéu trvdng hOp cac hé théng oxy hod —kh(r c6 su tham gia cla cac
thi khoang doi mau cla chi thi (cht yéu phu thudc vao thé chuan biéu kién Ep cla

chi thi) sé bién thién theo pH va do vay khoang doi mau sé phu thudc pH.

3. MOT SO PHEP PO OXY HOA - KHU s DUNG TRONG NGANH
DUQC

3.1.Phép do Permanganat

3.1.1. Nguyén téc

Phwong phdp Permanganat van dung khd nang oxy hoa cla permanganat
MnQOI. Phan &ng thuong dwQc thwe hién trong moi trudng acid va mudi duy nhat
dwoc str dung la mudT Kkali.

Permanganat la chat oxy hod manh d6i véi nhirng hé thong khir (MnOl/Mn/'A

= +1,51 volt 6 pH = 0) dan dén két qua la tinh chon loc cta chat oxy hoa nay réat
yéu vi cac chat khac déu dong vai tro la chat khi* cia permanganat, do vay thudong
st dung dé dinh lvgng cac chat khir.
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3.1.2. Vai tro cuapH
a) Trong mdi trwong acid: + be~
b) Trong mdi trwvong trung tinh hay kiéni:
- Trohg mdi trvong trung tinh hay kiém yéu, khd nang oxy hoa yéu hdn.
MnN" + 3e~ A
duwéi dang MnO2taa nén kho st dung)
- Trong moi treong kiem manh, kha nang oxy hoa con yéu hon nira.

- Trong méi trvong trung tinh hay kiém, phan &¢ng kém lap lai hon trong moi
trvong acid, st oxy hoa nglrng 6 nhiing giai doan khac nhau va sdn pham c6 mau
do d6 can sir dung k¥ thuat chudn do thira trir khi mudén thwc hién trong moi
treong nay. Thuc té hay st dimg méi tritong acid dé chudn dé bang phuong phap
permanganat.

3.1.3. Acid duoc str dung trongphép dopermanganat
a) HCI: khong thé dung vi MnOl cé thé oxy hoa c r giai phong Cl2.

2KMn04 + 16c¢cr + 16ir ~ 2iC+ 2Mn™+ 6 cr+ 8H20 + 5CI2

Trong thuc té, sw oxy hoa nhitng ion ¢ r chi xudat hién khi néng d6 mudi cao va
khi nhiét do m6i truong cao hon nhiét do ctia phong thi nghiém. Do cé thé phéng
thich CI2 phai tranh dinh ivgng FeCl2 béi phvong phap permanganat trong moi
truong HCI vi ion laicang xuc tac phan rng nay.

Trong nhitng trwong hOp dac biét HCI cling dwgc dung khi oxy hoa truc tiép
anhydrid arseno (phuong phap Bright).

b) HNO3: ion nitrat NO3 khoéng a&nh hudng bdt logi nhung vi HNO3 trong

thwong mai ludn ludn chira nhirng ion nitre NO2 va anion nay khir permanganat
nén acid HNO3thuwong khéng duQc dung.

c) H2S04 va H3PO4: thuong s dung 2 acid nay dé lam moi tredng
2KMno4 + 3H2504 - K2504+ 2MnSO4+2H20 + - O2

hay MnOl +8H-"+5e* A
M
Ewnoz =5— = 31,60
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3.1.4. Dung dich chuan s&r dung trong phép do pejrm~finganat

- Dung dich chudn KMno4 0,1N: muOl nay tu khir 4%clang khi c6 mat nhitng

tap hitu co, do dé khi can tryc ti€p dé hoa taij [i6Tig do thwong dwdi mic

mong muoh. o M .

- Diéu ché: Hoa tan khoang 3,25 g KMn04 nay trong 1 lit nwéc da dun soi
trwdc. Bao quan dung dich trong lo sach va dé vai ngay trueéc khi thuc hién chuan
do lai. Trong khodng thoi gian nay nhirng chat hiru co sé bi oxy hoa va nong do
giam nhe. Khi tat cd nhirng chat hi*ru co da bi oxy hoa thi néng dd ctia dung dich
hau nhu bén vitng. Loc qua béng thuy tinh hay phéu thuy tinh x6p. Dich loc duoc
chta trong nhitng chai thuy tinh mau vi anh sang xuc tac sw phan huy
permanganat. Khi st dung, xac dinh lai ndiig do bang dung dich acid oxalic.

- Bao quan: dé tranh anh sang hoan toan vi arih saiig xic tac sw phan hay
permanganat. '

3.1.5. tng dung dinh lvong bang phép dopermanganat

3.1.5.1Dinh lvgng cac hop chat vo co

a) Binh fwong mudi sat 11: (Fe™ co tinh khit) trong thuc té hay st dung mudi
Mohr

Fe2+ A (mai truong H2S04)

Né&u mum sat Il 6 dang clorid thi st dung cromat acid kali hay cerium (IV) lam
tac nhan oxy hoa vi cr sé lam rdi dinh lwgng do tao CI2.

b) Dinh lwvong mudT st (111) - (Fe™ cd tinh oxy \ioA)

Phai khir ion Ferric (F™™) trwdc voi indt lvgng thira thube thir amalgam
kém (Zn), anhydrid sulfurd hay H2SO4 lon sat Il (FM?) duwOc tao nén sé- duQc
chudn do bang dung dich permanganat.

c) Binh ivgng peroxyd

Hydroperoxyd (nwdc oxy gia) (peroxyd hydro) vira co tinh oxy hod, vira cé tinh
Kher. .

Khi tac dung voi chat khir manh hon thi thé hién tinh oxy hoa:

(Ca™' + 2e + 4H"~-> 2H20

Khi tac dung voi chat oxy hoa manh hon thi thé hién tinh khi:

02y ~2e =02

Trwong hop hydroperoxyd la chat khir: st dung dung dich kali permanganat
0,1N dé dinh lvong nwéc oxy gia trong mdi trvong acid.
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Co ché phan tng: KMno4 phan hly hydroperoxyd dé phong thich oxy theo
phuong trinh:

2KMnO4 + 5H200+ 3H2S04" K.SO4 + 2Mn SO4 + 502+ 8H20
Hydroperoxyd la chat khir: H202 -> 2e" + 2H™ + 09

Pé tinh duoc cac loai ndng dd cla dung dich hydroperoxyd phai tinh duOc
dwong lwvong gam, duong lvong thé tich cla hydroperoxyd:
buong lugng gam:

p 34

Puong lugng thé tich cha hydroperoxyd la s6 lit oxy giai phéng ra do 1 dwong
lwong gam hydroperoxyd bi phan hidy hoan toan.

H202 -> H20 + - O2

34g H202 Jm - 22,4 lit

179 —2x b't
17.1 22.4
s X e = 6,6 (”t)
34

Vay duong lwgng thé tich cha hydroperoxyd la 5,6 lit (6 diéu kién tiéu chuan).
Tl d6 tinh dU’OC s6' lit oxy giai phéng ra do 1lit dung dich nudc oxy gia c6é ndng do
N bi phan hay hoan toan.
Vo,= 5,6xN

Vo, la thé tich oxy giai phong ra do 1 lit dung dich hydropéroxyd bi phan hay
hoan toan.

N la ndng d6 dwong lvgng clia dung dich hydroperoxyd.

Cha y: phép dinh lvong chi cho két qud chinh xac khi néng d6 dung dich
hydroperoxyd dem chuéan do xap xi 1 thé tich.

Mot duvong lvgng cia KMnO4twong ng véi 17 gam hydroperoxyd hodc tuong
’rng vo6i 16 gam oxy hay tuwong (rng véi 11,2 lit khi O2trong diéu kién tiéu chuan vé
ap sudt va nhiét do.

Cha y: nhitng chét bao quan (acid benzoic...) trong nudc oxy gia co thé dan dén
nhitng sai s8'thlra vi nhirng hOp chéat nay bi dung dich permanganat oxy hoa.
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d) Binh lwvgng nitrit

Cac nitrit trong moitreuong acid dugc oxy hoa bang KMno04-
Buong lvgng cia KMno4 tvong tng voi - mol nitrit. Phan &ng xay ra 6 nhiét

dd gan 40®c. lon nitrit NO2 bi phan hiy dé dang cho nén dé nitrit vao buret va

cho tir tr vao dung dich dé chudn dd MnO| d4 dugc acid hoa treudc bdng H2S04
dén khi mat mau dung dich.

3.1.5.2. Binh lvong cac hOp chat hitu co

Viéc st dung tric ti€p KMno04 dé phan tich cac hOp chat hitu co hién nay it
duwoc s dung

3.2 Phép do iod
371.1. Nguyén téc
Phuong phap iod bao gom viéc dinh luong st dung tinh chat oxy hoa - khi cla
hé thong iod/iodid (12/21")
lod (12) 1a mot halogen c6 tinh oxy hod manh thu 1 electron khi tac dung Vvéi
chat khir.
12 20221
Nguoc lai iodid (I~) c6 tinh khir dé nhwdng 1 electron khi tdc dung véi chat
oxy hoa:
21" - 2e -> 12
Do vay dung dich 12 dé dinh lwong chat kh va dung dich iodid dé dinh lvong
ch&t oxy hoa:
12 + 2e ~ 21¢
3.2.2. Céc ky thuat chuan do trong phép do iod
Céc k¥ thuat chuan do da dwoc gidi thiéu trong bai phwong phap phéan tich~hé
tich, phan nay sé nhic so bd cach tién hanh trong phép do iod.
3.2.2.1. Chuan do tryec tiép
Tién hanh: chudn do6 cac dung dich c6 tinh kh bing dung dich chué&n do iod.

Thé oxy - kh* chuan E°= + 0,535 V cho thdy iod la mot tac nhan oxy hoa yéu
(6 vi tri gitta clia bang thé oxy hoa - khir chuan).

12+ 2e"->2r; E°=+0,535 (V)
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Tuy vay, c6 vai chat dwdcTchuén do truc ti€p bang dung dich iod thich hQp hon
vi tac dong oxy hoa nhe cla iod lai co loi trong khi s dung chat chuan dé6 manh
hon ¢ thé gay ra sw oxy hoa khong ty luvong.

3.2.2.2. Chuan do thira trir (chuan do nguwoc)

Tién hanh: thém mot lvong thira dung dich KI vao mau chira chat oxy hoa.
Chat oxy hoa nay bi iodid khtr, két qua tao thanh mot lvgng iod twong dwong va
dwoc chudn do bang natri thiosulfat chuén.

+ I~ (lwvong thira) Akh + 12
2S5201- + 12 S401- + 21"

lod tao thanh trong phan &ng dau tién twvong dwdng voi lwvgng tac nhan oxy
hoa Aoxcé trong mau. K& do iod tao thanh duOc chuin do bang natri thiosulfat, cac
ion iodid va tetrathionat la cac sdn pham.

3.2.2.3. Chuan do thé

Tién hanh: cho mot thé tich chinh xac dung dich can dinh lwong tac dung voi
mot luong du thudc thir nao do, phan (rng sinh ra mot lwOng chat méi twong duong
hoa hoc véi lvong chat can xac dinh. Dung dung dich chuan do dé dinh lvong chat
mai sinh ra.

Thidu: dinh lvong K2Cr207 bang cach cho tdc dung véi Kl thira (mdi truong
acid) dé giai phong iod Guong tvong duong).

KaCraOy + 6 Kl + 7TH2SO4 ™ 312+ Cr2(S04>3 + 4K2S0O4+ 7H20

Thay vi dinh lvgng K2Cr207thi sé dinh lwveng 12 phong thich bang Na2S203.

2Na25203+ 12 2Nal + Na2S40e

37.3. PBiéu kién tién hanh

3.2.3.1 Vai tro ciapH

Vi hé 122F trong thang thé oxy hoa - khir & vi tri gitra (thé chudn oxy hoa -
khit = 0,54 volt & pH = 9) nén tGih oxy hoa hay tinh kh(r clia hé nay thay ddi theo
ban chat cta cdp oxy hoa - khir hién dién va theo pH ctia mdi trudng phan &ng.

- Trong moi truong acid: kha nang oxy hoa cla iod thé hién d6i voi cac hé
théng co thé oxy hoa - khir thap hon hé thong (12/217). Thi du: iod cd thé oxy hoa
thiéc clorid (SnCl2), hydro sulfua (H2S), acid sulfuro (SO2), natri thiosulfat
(Na2S20.3).
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- Trong mdi trrong acid manh: mot s6 hé oxy hoaD- khtr lai c6 thé tang 1én va
kha nang khir cla iodid lai thé hién. Do vay troiig moi truong acid manh, iodidr

khtt acid nitrd HNO2, cac arseniat ASO4" . ' i

- Trong méi truong trung tinh, thé cla vai hé thong oxy hoa- khir di giam va
nhu vay c6 thé bi oxy hoa bai iod. Thi du: cé thé oxy hoa nhitng arsenit AsO'3" bc’ri\
iod trong méi truong trung tinh.

Nhw vay, moi trwong acid yéu hodc trung tinh hodc kiém nhe (pH = 5-8):
thwong duoc st dung dé chuan do truc ti€p iod trong phép do iod.

Trong vai trvong hOp chuan do truc ti€p iod, pH can phai theo that ding. Thi
du: trong d\mg dich trung tinh, viéc chudn do arsenic (l11) thanh arsenic (V) bang
iod dién ra t6t theo phwong trinh phan tng:

HiAsOi + 12+ H20 -> HAsOI'" + SH* + 21
Tuy nhién, trong dung dich acid manh thi phan &ng sé chay theo chiéu nguQc
lai, arsenic (V) thanh arsenic (111):
H3AS04 + 21" + 2H-" H3ASO3 + I2 + H20
- Trong méi trwvdng kiem pH > 9 thuong mac phai sai s0"do iod oxy hoa thanh
hypoiodid (10~) khéng bén va phan huy thanh iodat (103), 10~ cd tinh oxy hoa
manh hon iod, né chuyén dwoc ion 8203* thanh S406~dan dén sai s6'do do khong
nén tién hanh phép do iod trong mdi truong kiém.
12+ 20H" ~ 10" +r + H20
3.2.5.2. Nhiét do
Tién hanh 6 nhiét do thvong (trong phong) vi tién hanh & nhiét dd cao thi iod
sé bi thdng hoa va dd nhay cuta chi thi giam, dan dén sai s6 két-qua dinh lwong,
3.2.5.3. Thoigian phan tng
Khi dinh lvong bang k§ thuat chudn do thé, phan ¢ng gitra kali iodid va chét
oxy hoéa can tién hanh trong 10 dén 15 phat dé phan (rng xay ra hoan toan, dong
thoi dé kali iodid khong bi phan hay thanh iod, can tranh anh sang do phan &ng:'

41“ + 02 + 4H+<=EE=+12 + 2H20

3.2.3A. Chi thi

Chi thi thuong st dung ho tinh bot. Trong chuan do truc ti€p, néu ho tinh bot
duoc thém vao sém quéa thi iod s& hdp thu trén hod tinh bot dé dan dén sai so' khi
phat hién diém két thac.
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Khi dinh lvgng dung dich iod c6 nong do thap thi nén thém ho tinh bot hay
thioden va khi c6 mat iodid, cac chat nay sé cho phtrc mau xanh duong.

Khi c6 mat cia cadc dung mdi hitru co khdng cd oxy (cloroform, carbon
tetraclorid) thi mot giot thira sé lam cho pha hitu co nay c6 mau hong.

3.2.5.5. Sai s0"“oxy”

Sai s6 “oxy” l1a van dé khi chudn do thira trir bang iod. Trong dung dich acid,
oxy tir khéng khi oxy hoé iodid thanh iod.

02 +4r+4H”" -~212+ 2H20

Phan (rng nay gay ra sai s6 thira khi chudn d6 gian ti€p bang iod. Sai so' gia

tang theo tinh acid.

Sai s9"“oxy” tranh duoc khi thwc hién trong khi quyén tro hodc thém carbon
dioxid ran hay natri bicarbonat vao dung dich acid dé tao ra sy bao vé cla carbon
dioxid hodc dé tranh thira acid.

A 374, Dungdich chuén st dung trong phép do iod

3.2.4.1. Dung dich oxy hoa

a) Dung dich iod: iod 1a mdt chat rédn tan dugc trong mot s6 dung méi hitu co
nhung lai it tan trong nwoc va dé bay hoi. Nhwng khi c6 mat cla iodid (nhw Nal
hay KI) thi iod phan (rng véi iodid dé tao thanh phtrc anion triiodid c6 mau nau dé
dam co thé tan dwoc trong nudc.

2+r ->13°

Do vay, dé khac phuc khuyét diém khong tan trong nwéc cuta iod, dung dich
chuén do iod co thé diéu ché bang cach hoa tan cdn than mot luong iod trong dung
dich nudc co iodid. Trong cach viét va can bang phurong trinh hoa hoc, ngwoi ta viét
don gian dung dich iod hoa tan trong iodid la I2.

Cac dung dich iod duoc pha ché nhu thé phai duoc bdo quantrdnh anh sang
trong nhirng lo mau, cé nit km dé tranh s oxy hoa cac iodid do oxy ctia khong khi
va tranh mét iod do bay hoi. Phai tranh moi vét déng vi kim loai nay dé dang oxy
hoa céc iodid do oxy cta khdng khi.

b) Dung dich kali iodat: K10: (M = 214,02):
Khi ¢c6 mat 1 lwgng thira iodid va 1 ioniodat 103phong thich 3 phan tw
iod st dung 6e’

103 + OI"+ 6H" -> 312 + 3H20

E=M .~.35,67
6 6
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Pha dung dich kali iodat 0,1N theo Dugc dién Viét nam Ill (trang PL 28). C
thé thém vao dung dich nay mot lwong thira Kl trong lic diéu ché (15 g/lit) hay
trong trudong hOp ngwoc lai, cho I~ vao mau thi nghiém cta dung dich nay ldc st
dung. Hdn hOp dwoc acid hoa badng 1 thé tich thira dung dich HCI| hay H2S0O4
lodng. lod phéng thich s& dwoc chudn do bang natri thiosulfat.

c) Dung dich kali bromat: (KCrOs; M = 167,01) duvoc lam kho treéc tir 120°c -

150®c
BrOg" + 61 m+ 6H A 312+ Br “+ SHgO

Khi pha, thém dung dich r vao lic dinh lugng (gibhg truong hOp cda kali
iodat).

- pha dung dich kali bromat 0,1N theo Dwoc dién Viét nam IIl (PL 27).

d) Dung dich kali dicromat: (K2Cr207; M = 294,21) giong trwdng hQp trén, khi
c6 mot luong thira KI trong moi trvong acid thi kali dicromat c¢é thé phong thich
iod theo phan ¢ng:

Cr20?- + 14H” +61-~ 312+ 2Cv™ + TH20

Phan (rng thuc hién vo6i sy c6 mat cia 1 lwong thra acid. Dung dich natri
thiosulfat dwvoc cho vao buret. Biém twong dudng dwOc xac dinh nho ho tinh bot
duoc thém vao can diém twong dwong. lon c6 mau xanh luc. Sy chuyén mau
tr xanh dwong dam dén xanh luc.

3.2A.2. Dung dich kht
Dting dich natri thiosulfat (Na2S203)

- Pha ché, thuong thwong, dung dich natri thiosulfat dwgc pha ché & nong do
0,1N. Nudc dung dé pha phai dudi khi carbonic trwéc vi acid di vao dung dich nay
sé lam duc tir tir thiosulfat do tao tia lvu huynh;

m SgOlI' + 2HM N SO2t +si +H20

Phdi bado quan tranh anh sang, can thém vao mot it chat bao quan nhu natri
borat (3%) hay con amylic (0,8%) dé tranh nhiém vi sinh vat.

Phan (rng xay ra do iod oxy hod ion thiosulfat S203 thanh ion tetrathionat
46
25203 +12-£24S5"00 +21

buong lvong cua thiosulfat twong (ng véi mét phan tir gam (E = M = 248,2),
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Natri thiosulfat (Na95203.51i20) khéng phai 1a chét géc vi d& hat nwéc. Do
vay, moi l1an dinh lvong phai chudn do lai bang dung dich chudn do iod hodc dung
dich chuan d6 permaganat (chuan do thtra trir) hodac dung dich chuan do kali iodat
(K10:).

3.2,5. &rng dung dinh lvgng bang phép do iod

3.2.5.1.Phép do iod trong moi tru¢iig nwdc

- Chuén do truc tiép: Phép do iod trong phan tich hOp chat vo co dé dinh luvong
natri thiosulfat, cac sulfit, cac cyanid, cac mudi kim loai.

- Chuan do thtra trir: (phép do iodid)

+ Phan tich hOp chat vo co: Binh lvgng halogen, cac hypohalogenid, cac iodat,
cac arseniat, cac peroxyd: nwdc oxy gia, cac mudi kim loai: mudi ceric, mudi dong,
cac ferricyanid.

+ Phan tich hOp chéat hitu co: Vai hOp chét hiru co cd kha nang gan vao iod mot
cach dinh lwgng 6 nhirng moi trvong thich hOp va voi mot lwgng thira iod nén dinh
lvong ludn luén theo ky thuat chudn do thira trlr. Song song thwc hién mot
mau trang.

Ap dung k¥ thuat nay dé diiti lwvong cac dan chédt cda lwu huynh hiru co co
chtta nhom thiol, cac hydrazin va dan chét cta ching, dinh lwvong gian tiép céc
formaldehvd, dinh lvgng gian tiép cac aldehyd

+ Xac dinh chi s8"iod

Dinh nghTa: chi s6'iod la s&' gam iod c6 kha nang od'dinh trén ndi déi ctia 100 g
chét khao sat. 6 chinh 1a phan trdm iod duoc gan bdi mot chat.

Trong nhitng diéu kién dac biét, iod co thé cdé kha nang od' dinh trén ndi doi
(trong mdi treong khan). That vy, mdt minh iod khong thé tv gén tryc tiép va
phai ding 1 halogenid (iodid, clorid hay bromid) tdc dong bang cach tw phan cuc
hoé thanh theo phan ung:

R _c=c-R+R-cx-C-R’

Thudc thtr phai duOc cho vao voi lugng thira va sau mot thoi gian ti€p xic xac
dinh sé duoc dinh lugng. Mot lugng thira dung dich nwdc Kl dwgc thém vao va nhu
vay sé phdng thich dinh lvgng iod bang tac dong cta halogenid iod trén KI:

Xl+r >, +X*

lod dugc phong thich sé& dwoc dinh lvong bang natri thiosulfat. Trong nhitng
diéu kién nay, moét nguyén ti halogen X tdc dong nhur mot nguyén t& iod va tlr do
tinh toan két qua. Thuc hién song song mdt mau trang.
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3.2.0.2. Phép do iod trong mdi trwdng khan (chuén dd Karl - Fischer)

Viéc xac dinh ham luong nuwdc trong nhirng chéat vo cd cling nhu chéat hitu o
thwong rat quan trong. Cho dén nay, cd nhiéu phwong phap vat ly va hoa hoc dé
dinh lvgng nwéc, nhwng ky thuat Karl - Fischer mé t4& nam 1935 dugc st dung
nhiéu do tinh chinh xac va chuyén biét cling nhu do tinh toan két qua twong doi
don gian.

Nguyén tic dinh lvong nudc theo Karl - Fischer: khi c6 mat nwdc thi iod tac
dong trén anhydrid suliuro dé cho acid sulfuric (12so04) va acid iodhydric (HI).

2H20 + SO2+ 12 - H2SO4 + 2HI

Phan &ng nay lai duQc Bunsen thwc hién véi sy c6 mat cua pyridin lam cho
phan ng hoan toan dich chuyén vé phia phai bang cach két hOp base nay voi
nhi*rng acid tao thanh theo phan &ng ly thuyét tong quat:

2H20 + SO2+ 12+ 4C6HS5N N (C6HsNHMN2 S04 + 2C6HS5NH

Trong nhitng diéu kién d& cho, lvong iod duQc tiéu thu thay doi theo luong
nwéc c6 mat trong phan ng, 1 phan t iod twong tng v6i 2 phan tlr nwoc.

D0 nhay cla phuong phap tang c6 thé gdp dbi néu phan rng xay ra véi s cd
mat cla MeOH, 1 phan tlr cGa dung moi nay sé “thay thé"” 1 phan tlr nuwéc. Phan
rng c6 thé bi phan hay thanh 2 giai doan lién tiép:

- lod va anhydrid sulfurd két hQp trwéc voi pyridin.

SO:+ 1.+ SCgHsN ~ CgHgN + CgHsN-1.+ CgHgN-SO:

Sau phan (ng toan phan nay, mot phan t nuoc tiéu thu 1 phan tl iod, mot

phéan tir anhydrid suliuro, 3 phan ti pyridin va mét phan ti methanol.

H20 + CgHs N + CgHs N-12+ CeHsN-SO2 2CeH5N-H”r + CgHg N~-SOg**
CgHg N”*-S0 3'+ cH3oH N CeHgNH”CHQO so3-

3.3. Phép do nitrit
3.3.1. Nguyén tic
Trong moi truong acid, natri nitrit tic dung véi amin thom bac nhat tao mudi
diazo khéng mau (phan (*ng diazo hoa).
NaNO2 + HCI~ HNO2 + NacCl
Ar-NHa + HNO2 + HCI -> [Ar-N*=N]C1 + 2H20

Tl thé tich dung dich natri nitrit 0,1M da phan @ng, tinh néng do hoac ham
lvong chat can xac dinh.
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3.3.2. Biéu kién tién hanh

M®di trrdng phai acid va lodng.
Nhiét do thap (thém nuéc da).
Khudy déu dung dich can chuan do.
Ldc dau nhd dung dich chuan dd khoang 2ml /phat, dén truéc diém twong
dwdng khoang Iml thi nho titrig 0,Im1 mot va dé yén it nhat mot phat sau moi 1an
thém dung dich.

(hién nay phuwong phap nitrit da dugc néu rd cach tién hanh trong cac duQc
dién va cd thé doc két qua do sv thay doi thé oxy hoa - kh hodc chuan dé ampe.
Néu khdng cdé may thi sé st dung chi thi dé phat hién diém két thic).

3.3.3. Dung dich chudn st dung trong phép do nitrit

Dung dich natri nitrit (NaNO.,) néng do 0,1m.

Cac nitrit (NaNOo) bén hon la HNOo. Chulng hoa tan t6t trong nwéc. Chat hoa
tan kém nhdt la AgNO 2 (bac nitrit) nhiung tan té6t & nhiét d6 néng. Vai mud6i phtc
cht*a ion NOo kém tan, Thidu: K3[CO(NO02)6], (NH4)3[CO(NO02)6],----

Khac véi acid nitric, acid nitro twong doi yéu (K= 4.10-»).

NO9 la anion ciia HNO®9. Acid nav chi hién hiru & trang thai tv do trong dung
dich acid lodng & nhiét do lanh va sé bi phan hdy mot cach dé dang thanh
anhydrid nitrd va nuoc:

2HNO2 “"NgOa + HaO

Anhydrid nitro bén va chicé madt & nhiét d¢6 thap, & nhiét do trong phong, né

ty phan hay tiec khédc véi sw tao thanh oxyd va peroxyd nitd.
N:0Os & NO + NO:

3.3.4. Chithistr dung trong phép do nitrit

Tai diém twong dwong, 1 giot thira dung dich natri nitrit s& phan &ng voi chi
thi tropeolin 00 lam cho dung dich dinh lwgng ¢c6 mau vang.

Cadch dung chi thi mau tropeolin 00: cho 4 giot chi thi mau vao binh dinh
lvgng, nhd dung dich natri nitrit 0,IM vei téc d6 2m1 trong 1 phat. Khi mau dé
chuyén sang mau nhat ré6i mat mau thi téc dé6 nhd natri nitrit cham lai (1 giot
trong 1 phat), dén khi xuat hién mau vang nhat bén vitrng trong 2 -3 pht thi két
thidc dinh lugng.

C6 thé dung hon hOp tropeolin 00 (4 giot) va xanh methylen (2 giot) thay cho

tropeolin 00, chuyén tr mau tim thanh xanh da troi.
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33.5. trng dung dinh ivgng bangphép do nitrit

- Xéac dinh cac ché phdm cd chira nhdm amin thom bac nhat nhw procain, cac
sulfamid hodc nhitng ché phdm khac ma qua bién doi hoa hoc chuyén duoc thanh
hOp chdt cd nhém amin thom bac nhat.

3.4. Phép do crom
3.4.1. Nguyén téc
Trong mdi tredong acid, can bang oxy hoé - khir dwoc viét:

CrgO?" + 14H"+ 6e" 2Cr™+ THgO
dwong lvong = r Eo (CraOy™'/ 2Cr™) = +1,35V 6 pH=0

Kha ndang oxy hoa cla bicromat yéu hon permanganat (Eq=+1,51V 6 pH = 0),

Bicromat la mot chat chuéan va co thé pha ché dung dich c6 do chuan chinh xac
bang cach can don gian. Phan (ng cling c6 thé duQc thwc hién trong moi trwong
HCI c6 pH » 1-2 vi céac ion Cl khdéng gay rbi phan (rng va cac chat hiru co co trong
nwéc khong khir bicromat.

Dung dich chuan do duoc bdo quan tot ngay cd dudi anh sang. Nguoc lai, cd
mot khuyét diém la kho ghi nhan duoc diém twvong duong do sv thay doi mau cua
mudi crom: Cr207~ c6 mau vang hoi dam trong dung dich loang thanh mau
xanh luc. Chi thi can thiét st dung la diphénylamin p-sulfonat (khong mau &
dang bi khir va tim nhat & dang bi oxy hod) hoac dimethyl furoine.

3.4.2. Dung dich chuan st dung trong phép do crom

Kali bicromat (K2Cr207) phai duQc sdy kho truéc 6 120°c - 130°c va nghién
nhd roi hoa tan trong nwdc (c6 thé dung nwdc am). Dung dich 0,1N cla chat nay
rat bén va co thé bao quan vo han.

3.4.3. tng dung dinh lvong bang phép do crom

3.4.3.1. Dinh lugng cac hOp chat vo co

a) Binh lvgng mudi sat (1) hay mudi sat (111) bang may chuin do thé hay
bang chi thi mau sau khi khi trong méi trudng acid phosphoric pha lodng.

b) Binh lvgng gian tiép mudi chi hay mudi baryum

Trong méi trvong acid acetic, cac ion nhw va tla hoan toan voi su
hién dién cia mot lvgng thira ion bicromat. Viéc dinh lugng dwoc thwc hién theo 2
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ky thuat khac nhau;

« Hodc la sau khi tach tda, lwgng thira ion bicromat dwgc dinh lwong bang
phép do iod. (Mot lvgng Kl thira dwoc thém vao va iod phdng thich dwoc chuan do
bang thiosulfat natri).

« Hodc la thu lai tta, dem can va rira bang acetat ammonium dé loai lvong
bicromat thra. K& d6 tha duoc hoa tan lai trong acid hydrocloric 5N va cac ion
bicromat gan véi chi hay baryum duoc dinh lvong bang dung dich chudn do mudi
sat ii.

3.4.5.2. Dinh lugng cac hop chat hitu co

Binh lvgng con EtOH: con ethanol tinh khiét dwoc oxy hoa béi bicromat trong
moi trudng acid thich hOp dén khi tao thanh acid acetic:

CH: - CHoOH + O2~ CH:COOH

Su ox>’ hoa duwQc thuc hién theo 2 k§ thuat khac nhau;

e Phrong phap NICLOUX: O¢* hod con trong moi truong sulfuric vbi sy hién
dién cla lvong bicromat thira 6 45®c. K& d6, lvgng thira bicromat dugc khir bang
lwong mudi sat (1) thira réi chudn do mudi sat (11) thira bang permanganat. Song
song thwc hién mot mau trang.

e Phurong phap CORDEBARD: Ox>' ho& con trong mdi truong nitric manh 6 nhiét
dd lanh véi sv hién dién cda lvong bicromat thira. Sau mot thoi gian phan ¢ng dd
khoang 30 phdat, sy oxy hoa sé hoan toan va lvgng thira bicromat duoc dinh lugng
bang phép do iod voi sy pha lodng kha 16n ctia dung dich. Song song thuc hién mot
mau trang.

Phwong phap nay duoc dung dé dinh lwvong céc acid cé chirc alcol nhu la acid
lactic.

3”. Phép do ceri
3.5.1. Nguyén tac
Trong méi trvong acid, can bang oxy hoa - khtr dwQc viét:
Ce"'+ 14H"+ le' A
dwong lugng =M, Eo =-1,33V & pH= 0.

Thé chuan biéu kién cla hé théng Ce*VCe™ thay do6i theo ban chat cua acid
duoc st dung dé acid hoa méi trudng va ndng do cua no.

Thé thap nhat dwoc quan sat trong moi trvong acid hydroclohydric va cao nhat
trong moi trwong acid percloric.
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Trong méi trwong nitric, gia tri cta thé gidm nhe khi d6 chuan cla acid di tir
IN dén 8N.

Nguoc lai, trong mdi treong percloric thé nay tang theo ndng do cla acid.

Céc thay doi nay co duoc do si tao thanh phtc trong méi treong khao sat.

- That vay, trong méi trwong sulfuric thi hoan toan & dang phtc
tetrasutfatoacetic [Ce(S04)4]ii4. K&t qua |4 khi taing ndng dd acid sulfuric it anh
hudng dén thé oxy hoa - khir vi khong tao phirc khac voéi phiic truéec.

- Ng\idc lai, trong mdi truong percloric thi tao thanh phic
[Ce(OH)22M[Ce(OH)]™M [0H-Ce-0-Ce-0H]"" [Ce-O-Ce-OH]®" ma ndng dod twong
tng lién quan v&i néng dod cua acid percloric. K&t qua la thé oxy hoa - khir gia tang
theo ndng dd acid tang.

- Trong moi trudng acid yéu hay trung tinh; Ce™ tGa khi tao Ce(0 H)4 va cac
tinh chat oxy hoa ctia ching bién mat.

Bang 8.4. Thé chuén biéu kién clha hé th6ng Ce~*ICe”* a0 dwoc trong cac acid khac nhau

Thé chuén bi€u kién (volt)

Nong do acid (N)  acid percloric acid nitric acid sulfuric acid
hydrocloric
1 1,70 161 1,44 1,28
2 1,71 1,62 1,44
4 1,75 161 1.43
6 1,82
8 1,87 1,56 1,42

3.5.2. Dung dich chuén st dung trong phép do ceri

Cac dung dich muédi ceri thuong duoc st dung clia cac mudi:

Ceri sulfat khan €6(804)2;

Ceri ammoni sulfat (NH4)2Ce(S04)4.21i20;

Ceri ammoni nitrat (NH42Ce(N03)6-

Thuong thwong, cac dung dich chuan dd 0,1N dwoc diéu ché trong moi trvong
sulfuric (1-3M) hodc trong ni6i trwdng percloric. Dung dich sulfuric cia mudi ceri
c6 thé duoc bao quan trong 1 nam. Céc dung dich percloric cia mudi ceri chi c6 thé
gilr trong mét gio.

Céc dung dich dung chuan do lai dung dich ceri hay dwoc st dung: dung dich
permanganat hay bicromat, mudi sat 1l, anhydric arsen.
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3.5.3. ttng dung dinh lvong bang phép do ceri

3.5.3.1. Binh lugng cac hOp chat vo co: mudi st (I1), peroxyd, nitrit (nhu phép
do permanganat).

3.5.3.2. Binh lwgng cac hgp chat hiru co: cac acid & nhiét d6 néng hoac lanh
(acid lactic, acid pyruvic), alcol, aldehvd, polyalcol. Vi su oxy hoad xay ra thuwong
cham nén phai st dung phuwong thirc chuan @6 nguOc nhu sau: cho mét lwgng thira
ion ceric vao dung dich can dinh lwong, sau mot thoi gian phan &ng thich hOp thi
dinh lvong ion ceric thira bang mudi sat (11).

TU KHOA

Phan *‘ng oxy hoa - khr  Phép do permanganat Phép do nitrit
Hé thong oxy hoa - khir  Phép do iod Phép do cromat
Thé dién cuc Karl - Fischer Thé oxy hoa - khtr
Hé thdng oxy hoa - khir  Chudan dd oxy hoa - khi Thé chuan
Phuwong phap oxy hoé -kh(r Chuan do oxy hoa - khtr

Thé oxy hoa —khuw Phép do permanganat

Thé oxy hoa - khir biéu kién Phép do iod

Hang sd can bang Phép do nitrit

CAU HOI LUONG GIA

1. Phan ng oxy hoa -khtr 1a gi? Sv khac nhau gilra phan rng oxy hoa -khtr va
phan (*ng acid - base?

2. Thé oxy hoa - kht? Thé biéu kién? Cac anh hwdng cla pH, sv tao phic, suw
tao tla dén thé biéu kién?

3. Céach tinh thé & diém twong duong?

4. Phuong phap chuan do o¢"hoa -khr?

5. *'ng dung phuong phap chuén do oxy hoa -kh(tr trong nganh Duoc?

CAU HOI TRAC NGHIEM

1. Phan (rng oxy hoa - khir la phan (rng tvong (rng voi su trao doi electron gira
hai hop chat; mot chat cho electron- goi la chat..A... va mot chat nhéan
electron -goi la chat....B....
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a. (A) = khtr va (B) = oxy hoa d. (A) = oxy hoa va (B) = kht
b. (A) = acid va (B) = base e. (A) = base va (B) = acid
c. (A) = acid lién hQp va (B) = base lién hOp
2. Chat khir va chat oxy hoa co thé la hai chat....(A).... [phan &ng hoa hoc] hoac
la mot chét....(B)... va m6t....(C).... ma thé duwogc chon thich hOp [ph&n (ng
diénhoa].
a. (A) =trung tinh; (B) = acid; (C) = base
b. (A) = hoa hoc; (B) = oxy hoa; (C)= khr
c. (A) = hod hoc; (B) =hoéa hoc; (C)=dién cuc
d. (A) = lvdng tinh; (B) = hod hoc; (C) = dién cuc
e. (A) = hoa hoc; (B) = kht; (C) = dién cuc

3. Phan @ng oxy hoa - khit la phan &ng trao doi ...... tlr chat tham gia nay
sang chat tham gia kia.

a. c. cation e.electron

b. OH“ d. ion

4. Phan &ng oxy hoa - khi tlc la qua trinh cho nhan... (A).. thwong xay
ra..-(B)...va doi hdi tang nhiét do, thém xuc tac.

a. (A) = electron va (B) = nhanh d. (A)=proton va (B) =nhanh
b. (A) = proton va (B) = cham e. (A)=ion va (B) = cham
c. (A) = electron va (B) = cham
5. Néu dung dich dugc pha loang day du thi.......... va nong do co6 thé duQc ding
lan 16n.
a. duong lvong c. dung dich dém e.dung dich géc
b. chat dién ly d. hoat do

6. Theo quy udc, thé Eo cta hydro bang..... volt va thé cta nhirng hé théng
khac duoc xac dinh theo ty 1€ cla thé cla dién cuc nay
a. 0,00 C. = 1,00 e. khéng céu nao dung.
b. 1,00 d. £10,0
7. Mot kim loai c6 thé cho nhirng ion tvong tng v6i nhiéu hoa tri. lon cé dién
tich dwong I6n nhéat tvdng Gng voi dang... (A).. lon c6 dién tich dwong nhé nhat
tvong (ng voi dang... (B)
a.(A) = khir va (B) = oxy hoa d. (A) = base va (B) = acid
b. (A) = oxy hoa va (B) = khtr e. (A) = phan ly va (B) = khéng phan ly
c. (A) = acid va (B) = base
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8. Néu nhitng néng dd & dang oxy hoa va dang khit bang nhau, thé dwoc gitt
trong dién cuc = E,,va  duoc goi la...(A)... cla hé thong.

a. thé biéu kién c. thé chuan e. diém két thac
b. thé can bang d. diém twong duong
9. Thé biéu kién anh hwdng bai:
a. pH c. su tao thanh két tla e. chi ava cdang
b. su tao phtrc d. ca ba cau trd loi trén

10. Thudc thtr KF chl yéu goém thanh phan

a. MeOH c. CgHsN e. SO2+12+CgHgN
b. SO, d- iod
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Chuwong 9
PHOONG PHAP KET TUA

NOI DUNG

1.LY THUYET VE Sy KET TUA

Phan ¢ng két tha |4 phan (ng tao thanh chét ran tr cac chét tan trong dung
dich. Trong qua trinh phan tich dinh tinh, dinh lvong ta thudng phai st dung dén
phan (ng két tha dé tach riéng céac ion phan tich khdi cac ion khac.

1.1. Tich s6 tan - y nghTa trong phan tich

1.1.1. Biéu thirc tich s6 tan

Khi hda tan mot chat nao doé trong nuwéc, thi hai qua trinh nguoc chiéu nhau sé
Xay ra cung mét ldc.

Khi dvmg dich cla chat nao dé chua bdo hoa, thi qua trinh hoa tan nhirng
lvong méi cla chat do sé 16n hon qué trinh két tha né tir dung dich.

Thi du: AB hoatan® A + B
Tua M kéttta  Dung dich
AgClI hoa tan

Tla < kétttia  Dung dich
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Khi dung dich qua b&o hoa, cé hién tvOng nguoc lai - quéa trinh tach chéat tan
khéi dung dich 16n hon qué trinh hoa tan né.

Khi dung dich bdo hoa cd két tia chat tan lang xudng dudi, trang thai can
bang dong duoc thiét 1ap. Trong trvong hOp nay toc do hoa tan bang toc do két tda.

Khi can bang dwoc thiét 1ap, trong 1 don vi thoi gian c6 bao nhiéu ion Ag" va
cr chuyén thanh két taa, ciing c6 bdy nhiéu ion @6 chuyén tlr bé mat két tla vao

dung dich.
Theo dinh luat tac dung khéi lvong khi can bang duoc thiét 1ap, trong dung
Ag'x'cr'
dich nuéc bédo hoa ta co: Kagel
[AgCI]

Trong céc hé dong thé, sv va cham gitra cac phan tl co ban xay ra trong toan
b0 vat thé cla chat. Trong cac hé di thé, su va cham gitra cac phan tlr co ban cla
chét tan va chdt ran chi xay ra trén bé mat phan chia cac twéng va khong phu
thudc vao luong cta chdt ran, ndng do cta nd khong déi va khéng anh hwdng dén
toc do clia phan (ng. Do dd co thé vaét:

[Ag" ]x[cr] = K~gci X[AgCI] = hang s6

Tich s8'ndng dd cac ion cla chat dién ly it tan trong dung dich nwéc bao hoa
goi la tich s8"tan va duwQc ky hiéu bang ch* T cung v6i cong th&rc hoa hoc ctia chat

dién ly do.
Thidu: [Ag"]X[Cr]=TAi
m
B =T
. m i
DBiing hon TAn,B” o BM - TmB,
, agm- :hoat dé cua ion B"

Y nghTa trong phan tich
Theo dinh luét tac dung khéi lvong khi thiét 14p can bang trong dung dich
nwdc bdo hoa cla chat dién ly it tan & nhiét d6 va ap sudt nhat dinh, tich s6'nong
do ion (T) la dai lwong khéng déi va duoc biéu dién bang cong thic chung:
= héng s6 (const) = [A]*x [B]"
hé s3'm, n chi sd"ion twdng &ng tao thanh khi phan ly 1 phan to.

- Néu tich s0' [A]" x [B]" > thi hOp chat it tan tach ra & dang két tla
(mubn c6 két tha).
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- Néu tich s6' [AI"™* x [B]" < TATBn tia khong tach ra ma bi hoa tan (mudn
két tla tan duwoc).

Quy luat nay la co s& ly thuyét quan trong lam cd s6 cta ly thuyét tao thanh
két tha. N6 cd y nghTa trong phan tich la biét T cla 1 chat ta c6 thé suy ra diéu
kién dé co két tia hay hoa tan tua.

Thém bat ky ion tao thanh hQp chat AjnBjj déu lam gidm do tan, thém céc chat
dién ly khac khéng c6 ion chung vaéi hOp chat AjjjBjj lam tang do tan.
1.2. Do tan (S)

17.1. B6 tan trong nwéc nguyén chat

PEé dac trving cho tinh tan cla két tha, ngoai T, nguoi ta con dung do tan s. DO
tan 3 va T lién quan mat thiét vdi nhau, biét T c6 thé tinh dwoc do tan va nguoc
lai. D6 tan tinh theo mol/1, ¢/l

- Bdi voi chat dién ly it tan dang AB (cung hoa tri), thi du AgCl, BaSo4
AB + B
SAB=[An =[B-]=V rA
Bl
Thidu: Tinh do tan cla BaSo04, biét Tgago =9,9x 10

SBaS04 = w10 " (mol/1)

- B6i voi chat dién ly it tan dang A,,,Bn (khong cuing hoa tri), thi du Ag2CrO4

S =mMm ”
m n

Thi du: Tinh d6 tan cia Ca3(P04)2 & 20 - 25°c trong nu6Gc nguyén chat, biét
TcagiPOy, = ° 1o Xn™
Ca3(P04)2 i:; 3Ca2++ 2P0Ot"

3,16x10"™ _5 @18xHH"™® =124x10-» (mol/1)
IX2  “T 108
Tinh d0 tan cla Ag2CrO4, biét T"g cro =2x10™2
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Ag2CrOa  2Ag" + CrOF

2xIQ-" 3 2x10"2

X2/\ N

=0,79x10'* (mol/1)

1.2.2. Do tan chat dién ly trong nudc khi ké té¢i hé s6 hoat do

Dai voi chat dién ly dang AB

TAB=aA*>'V = B e = xr2

Thidu: Tinh d6 tan cla SrCrO” bang g/1 0 2sec (tinh t¢i hé sd'hoat do).
Biét Tgj®j®* =3,6x10 ~NE2=10,57

SsrCr04 =-y/TsrCro4 =>/3,6 x10 ™ - 6x10 ~ (mol/1)

P6i ra: 6.10" x 203,61 = 1,22 (g/1)
Khi ké toi hé sd'hoat do

SsrCrO =-Vxuw3,6x10~" «I,05x10'2 (M /1)

Poi ra: 1,05.10'2.203,61 = 2,14 (gA)
17.3. D6 tan clha hydroxyd kim loai trong nuwéc

Cach tinh theo phuong phap hé thdng.

PEé xac dinh dd tan cha hydroxyd kim loai, ta xét hai can bang cula
phuwong trinh.

Thi du, ddi voi hydroxyd kim loai hoa tri 2
M(O0H)2(ran) + 20H*
2H20 ~ HgO™ + OH"

Hé théng nay co thé viét:

[M27][OHY =t 9.1)

[H30"] [OHI = Kh"o (9-2)
Phu hép v6i digu kién cla can bang trung hoa dién tich:

2[M2+] + [H30"] = [OH"] 9.3
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Néu nhu hydroxyd du tan, ndng do ion sé nhd va phuong trinh duoc
rat gon;

2[M2"] s [OHI
Thay vao phwong trinh (9.1) va sau khi bién doi sé la:
Ve = (/43 s ©4)
Mat khac, khi do tan cia M(0 H)2 quéa thap, dai lwvgng 2[M**] tr6 nén nhé hon
[HsO* va phuong trinh (9.3) lac dé la:
[HgON] s [OHI = 1,00. 10™"

Thé trd lai vao phuwong trinh (9.1) va chuyén doi cac thanh phan cla
phuong trinh:

[MH =T/[OH12 =T/ (1,001 10°¥) =5 95

Thidu: Tinh d6 tan cta Fe(0 H)3 trong nudéc:
Buwéc 1: Viét cac phudng trinh phén (rng c6 trong hé.

Fe(OH)3,,j,,,t;Fe**+30H-

2H20 i5 HjON+0OH"
Budc 2: Xac dinh cac ndng do can bang la &n 5"
s =[Fe™M

Budc 3; Viét cac hang s3'can bang cho phan ¢ng & budc 1

[FeM] [OH“E =T = 2. 10@"

[HgO”] [OHI = 1,00. 10“™
Budc 4 va 5; Viét phrong trinh bao toan khéT lwong va phuong trinh can bang

dién tich
[OH'] = 3[Fe™\] + [HgON]
Buédc 6: Xac dinh an s6'va s6 phuwdng trinh doc 1ap da co
Buwéc 7; Tim cach giam an s3'dé dua hé vé mot phwong trinh don gian
3[Fe™] « [OH “]

Budc 8: Giai phwong trinh & budc 7 tim ra ndong do can bang ctia mot 4n s6

[Fer1 (3[FerV =210"3®

[FeM] = [(2.10“MV 27NN = 9,27.10"M
s=[F™=9,27 . (nmoul)
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Budc 9: Kiém tra lai dap s5'da tim, kiém tra cac gia thuyét & budc 7.
Gia thiét rang: [OH“] « 3[Fe™] = 3 x (9,27.10“*) = 3.10“/*

140
Tir day co: 1001070 _ 5 10v@
3.10°10
Khong nén tinh rang [HaO"] nho hon nhiéu ma trong trvong hOp nay

ta theo ddi hién twgng nguOc lai: 3[Fe™] « [HgON] [HsO?] = [OH"]
Va phuong trinh trung hoa dién tich dwoc viét nhu sau:
[HgOIl = [OHI = 1,00. 10*"

-39
Pt [OH~| vao biéu thirc tich sb tan co: Fe3* 2.10 = 2.10-"® (mom)

3[FeM] « [OHI hodc 3x2. 10" ®«
s =2. (mol/))
Gia thuyét la diing. Diéu nay khéng dinh thém réng trong
cach tinh dau khi gia thiét khong diing da co sai so 16n.
Céac thi du trén chirng minh rang do tan cta cac hydroxyd kim loai duoc tinh
twong tw nhw do tan cla cac hOp chat mang tinh kiém yéu; cac tinh toan nay co thé
khéng dinh dé& chon 1 trong 2 két quad gan ding. Nhw vay ton tai khoang gié tri

tich sé tan nén khong lay mot két qua ngay tlr cac gia tri gan dang ma ti€p tuc giai
theo cac phuwong trinh (9.1), (9.2), (9.3) twong (*ng voi c& ba trvong hOp thay doi.

1N, Cac yéu t6 Anh huwdng dén do tan chat dién ly it tan
1.3.1. Anh hudng cha ion cung tén I&n do tan cda chdt dién ly it tan

Khi thém du thu6c thi két tla, do tan cla két tlla giam xudhg va phu thudc
vao lvong duv cta ion thém vao dong dang voi mot trong cac ion tao thanh két tua.

Thidu:

- Tmh dd tan cta AgCl trong dung dich NaCl 0,1M. Biét T"gci =

B' =Tab =1,7x1071°
S = [A/\] :I\
[B-] dw

1,7x10710

1 = 1,7x10"® (mol/1)
10

"AgCl
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Trong nuéc nguyén chat
SAgci =V I1.7x10"~° =1,3X10“" (mol/ 1)

D06 tan AgCl trong dung dich NaCl 0,1M so véi do tan trong nwéc giam di
LIAOT 7647 14n,
1,7x10"®

Nhu vay, thém ion cung tén gay anh hudng I6n dén do tan cla chat dién ly it
tan va cd kha nang lam cho sy két tia twdng ran hoan toan hon.

1.3.2. Anh hwéng cha fon la (ion khéng cung tén) 1én do tan cla chét
dién ly it tan (hiéu G'ng mudi)

Néu cho vao dung dich bdo hoa ctia mot chat dién ly it tan bat ky mot mudi
nao dé khong co ion chung véi né thi lyc twong tac gitra cac ion tang Ién, do d6 hé
s6 hoat d® giam xubng dan dén T cla chét it tan ting I&én so v&i dai lvong T cla
chat dién ly nay trong nuoc tinh khiét. Sy tang T cla chat dién ly trong dung dich
mudi bdo hoa ion la gay ra s tang do tan cla chat dién ly.

Tang do tan cua chat dién ly it tan khi co6 cac mu6i tan khac (hiéu &ng mubi)
duoc gay ra do sw giam hé s3'hoat do gén lién v6i sy tang lwc ion cta dung dich vi
thém cac chéat dién ly la vao.

No6i cach khac, khong phai chi cé cac chat dién ly c6 ion chung méi &nh huwéng
dén dd tan cta mudi it tan. DO tan clla mot s6' mudi it tan tang Ién khi c6 cac mudi
tan khac khdng c6 ion chung véi chiing. Nong d6 mu6i khdng co ion chung véi chat
dién ly it tan dwoc thém vao cang 16n thi do tan cua n6 tang lén cang nhiéu, vi stc
ion cla dung dich tang Ién, do dwa céac ion khac vao, hién tvQOng nay dwoc goi la
hiéu t’ng mudi. Sy thém cac chat dién ly khac nhau gay dnh hwéong khac nhau dén
do tan cla chat dién ly it tan vi luc ion cGa dung dich khéng nhirng phu thudc vao
nong dd ma con vao do Ién dién tich cua cac ion.

Thi du: d6 tan cua PbSO4tang Ién khi c6 NaNOa, db tan cua BaSo04, SrSo4
CaSo04 tang Ién khi thém KCI, NaNO3, KNO3v.v... vao dung dich.

Tinh do tan cla CaS04 trong nuwéc va trong dung dich NaCl 0,1M, biét
TcaSO. =6,26.10-=

Do tan trong nuoc:
ScaSO = >/6,26x10"" =7,9x10"~ (mol/l)

Do tan trong dung dich NaCl 0,1M (1 = 0,1; i2=0,33)
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Scaso, = "V 67%26740" =2,4.10-2

Do d6é dd tan cua CaSo04 trong dung dich NaCl 0,1M tang lén so véi do tan
trong nwéc gan 3 lan 24X 3
7,9x10"A

1.3.3. Anh hwdng clia ndng dd ion hydro dén do tan cda hQp chéat it tan

Do tan cla két tha c6 y nghTa quan trong trong phan tich dinh lwgng, né phu
thudc vao nong doé ion hydro trong dung dich. Co6 hai truong hOp chi yéu la anion
cta két tha la anion clia mot acid yéu va cac hydroxyd cua cation kim loai.

1.3.3.1. pH mdi truong la acid
lon hydro c6 &nh hwéng I6n dén dd tan cla cac chat khac nhau. Trong moi
trvong acid, do tan clia chat it tan cane 16n néu T cta n6 cang Ién va [H”] cang lén.

Thidu: so sanh TgaC o 10 ”

TsrCaO" - X10 *
TcaCgO™ = 3.8 X 10 ®

TBaC,0 ~ "SCo ~ "CGCo '’ trong mdi trvong acid, BaC204 tan tot

hon, SrC904 tan kém hon, CaC904 tan kém hon cd. Do tan clia cAc mudi nay trong

acid HCI I&n hon trong CH3COOH (ph&n ¢ng tim Ca””: CaC204/ CH3COOH i
trang khéng tan).

D0 tan cla chat dién ly da cho trong nwdc cang I6n va acid tao tlianh mudi d6
cang yéu thi do tan cla chat dién ly dé trong acid cang lén G"ang so' phan ly cua
acid c6 tham gia vao thanh phan mudi da cho cang nho).

Thi du-, trong CHsCOOH, CaC.04 khéng tan (T = 3,8.10"®, N Q =59.10~2)

con CaCOg (T = 1,7.10"®; K =4,13.10") tan.

'HOB
1.3.3.2. B0 tan cua két tha khi anion la anion cla acid yéu
Mudi acid yéu it tan AB (SN, P0~“, €904*, F*, COI*)

- Trong dung dich nu6c

AB ti A~+B"

Két tha Dung dich
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Néu thém acid manh vao dung dich'nay thi anion B sé lién két véi tao thanh
acid yéu HB. Khi do can bang sé bi pha hly va két tha sé bi tan vi [A”X[B“] = Tab.
Mb6i mot anion B" ¢ trong dung dich va lién két thanh phan t¢ HB twong (ng Vi
cation A" do do:

[Al - [HB] + [BI
Thay gié tri [A*] tr phuong trinh biéu dién Tab ta duOc:

A =[HB] +[B~
g ~IHE1+ [

Tw dinh luat tac dung khoi lvgng rat ra [HB] =
Khs

Dod6TAB =[B-]2 [Hlm1
KHs

Nen [B“]= P8
1 .,
Khs

[(HY 4

& day [H” = chb - [HB] nghTa la nong do ion bang hiéu so' gitta ndng dd
chung cla acid va phan khéng phan ly cta né.

Trong treong hOp riéng, khi [H*” = Khb

Sab = VVAB =1>4i 7Tab

Y nghTa ctia phuwong trinh

D0 tan cla mubi acid yéu it tan (trong do ké ca hydroxit va mudi base) trong
dung dich nwéc cla acid manh &t° va ap sudat cho trwdc tang Ién so voi dd tan cla
noé trong nuéc tinh khiét. Hon nira dd tan nay cang tang khi T cla chéat dién ly it

tan, ndng do ion hydro cang cao va hang s phan ly cla acid yéu tao thanh mudi
nay cang nho.

- Khi tinh do tan cia mudi it tan trong acid ké t¢i hé sd hoat do nguoi ta dung
cong thuc:
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Sab = 1 +1
KHe

Thidu: Tinh d6 tan cia CaC204 trong dung dich c6 pH = 4. Biét T cla
CaC204 = 1,8 x 10" HoC204¢6 Ki = 6,5 x 10"2 va K2=6 x 10“*
Phuwong trinh cta phan &ng:

Ca.C904
C20I- + H" HC20l (K2
HC204 + HT H.C.0: (Ki)
Ta tinh: +1 trudce

Khb
¢ daypH =4 [HI =10™
Thay vao phuong trinh ta cé:

L Hef , 107 10°°
HB K2 K2K1 6x10™ " 6 x10“" x6,5%x10“2

+ 1=

= 1.66 +0,002 +1= 2,66

ScaC 0 =\/i.8x10"®2,66 - 6,84.10-" (mol/1)
Do tan tang nhwng khong dang ké so véi do tan trong nuwdc nguyén chat
s =>/1,8x 10"® = 4,25X10-" (mol / 1)
Khi [IfA = 0,1 M thi két tua CaC204 sé tan kha nhiéu. That vay, luc dé:
ITO +i=_ 2ii_+ +1=1,6x10" +2,5x10"+1 =4,1x10'
Khe
S=WM.8 DR 4,1x10" =2,7x10“* (mol/1)

e n , . o an y 2 7x1 «
So voi dé tan trong nwéc nguyén chat, do tan tang = — c =63 lan.
4,25x10-"

1.3.4. Anh huwéng cla su tao phic

PO tan cla tha cd thé thay dbi khi co6 mat cac chat tao thanh phurc véi anion hay
cation cua tia. Nhu vay s tao phic anh hwdng dén do tan cla tla. Néu nhu biét
hang s3'bén cla phtc co thé tinh dugc do tan cla tha khi cd tdc nhan tao phic.
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1.3.4.1. Chat tao phtrc la chat la

Thi du; TiHh d6 tan ctia AgBr trong dung dich NH: 0,1M:
Budc 1: Viét phrong trinh can bang

AgBr(rén) A Agh + Br"
Ag"+NH3 AgNH?
AgNH" + NH3 i;  Ag(NH3)i
NH3+ H20 NHA + OH*

Budc 2: Xéac dinh cac ndng do can bang la 4n "

SAgBr= [Agl=[Br-] =[Agl + [AgNHj ]+ [AgiNHg)|]
Budc 3: Thay cac hang sd'can bang

[AgM] [Br*]=T =52. 10™ (9.6)

AgNHAI
N =K =2.100 9.7

Ag" NH,

Ag(NH3)!
-=K2 =6,9.10' 9.8)
AgNH  NHg;
NHI OH' .

= Kb =1,76.10" (9.9)

NH3]

Budc 4: Viét phrong trinh can bang dién tich
[Br-] =[Ag1l + [AgNH"] + [AQCNHg ] (9.10)

Budc 5; Thay ndng d6 NH3 = 0,1M, co thé viét:

0,10 = [NHg] = [AgNH~ ] + [AgCNHg)"] + [NHA] (9.11)
Ngoai ra, trong tac dung ctia amoniac voi nuéc trén moi motion NH4 sé duOc

tao mot ion 0 H~, nhu vay:

[OH“IS[NH +] (9.12)
Buwdc 6: Can bang dién tich
[NH;j+ [Agl + [AgNH”] + [AgiNHQ)!] = [Br"] + [OH"] (9.13)
Buwdc 7: Loai bot an s3% gia thiét;
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- [NH”] nho hon nhiéu céc s8'hang khac trong phwong trinh (9.11). Biéu nay
thay rd tir phuong trinh phan ly Kb-
- Trong dung dich NH3 0,1M nong dd I6n hon nhiéu [Ag*"] nén [Ag(NH3)2] »
[AgNHSs ] va[Ag"]. Tl cac gia thiét trén co:
[Br-1s[Ag(NH3)"] (9.14)
[NHs]s 0,10 - . [AGCNHg)"] (9.15)

Budc 8:'Hm cac gia tri gan ding cla an so

[NH3]=0,10-2[Br-] (9.16)
Ag(NH
9(NHe) = Ki.K2 =1,38.10"A (9.17)
Ag"][NH3j
[Br-]

bat vao phuong trinh cubi (9.16) va (9.14) co: =1,38.10'

[Agn(0,I-2)[Br-j2
Thay [Ag*" ti phuwong trinh (9.6)

Br-
=1,38.10"
(5,2.10“MM/[Br-] (0.1 - 2'Br-]'
hay la
Br-
(0,1 - 2mBr’

Giai phuong trinh bac hai
[Bt'Y +2,88. 10~®[Br]- 7,2.10"®= 0
Tw day co;
[Br'l =2,7. 10" (mol/1)

s =2,7.10"“AgBr (mol/1)

Buwdc 9: Kiém tra lai thdy rang cac gia thuyét trén la ding. So v6i do tan
trong nwéc nguyén chat, do tan tang 375 lan.

1.3.4.2. Chat tao phtrc la ion cung tén
Nhiéu tha co thé tac dung voi nhirng ion c6 kha nang tao phtrc tan.
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Thi du: AgCl tao phtrc clorid c6 thanh phan AgCl2, AgCIf va AgCi\:if'

AgClI (rén) Agh + cr
Ag"+ cr AgCl

AgCl +cr AgClI2

AgCi; +cr AgCl|-

AgCii" +cr AngB'

Khi ndng do cac ion cung tén tdng trong nhirng phan (ng nay lam tang do tan
cla tla. Trén hinh 9.1 khao sat su phu thudc do tan tim thdy qua thuc nghiém cua
AgCl theo logarit nong dd KCI trong dung dich. Khi néng d6 cr nhd hon IO™M gia
tri do tan tim thdy qua thuc nghiém hau nhu khéng khéc so v6i tinh toan theo tich
sO tan cua AgCl.

Khi nbng dod cr ting cao, do tan tinh dwoc tién t¢i gan bang 0, trong lGc nay
cac dai lvgng do dwgc tang Ién dot ngot.
Khi néng d® KCI gan bang 0,3M, dd tan cta AgCl gidng nhu 6 trong nuéc

nguyén chat, néu trong dung dich IM, dd tan AgCIl gan nhuv gép 8 lan I6n hon dai
lvong nay.

POV

Hinh 9.1. B6 tan cta AgCl trong dung dich KCI
1. Buong cong tinh theo tich s6 tan; 2. Budng cong qua thwc nghiém nhan duoc.

Khoéng it treong hOp sv tang doé tan khi cho lvgng thira ion cung tén, dac biét
la trvong hOp cac hydroxyd lwdng tinh nhu A1(0 H)3 va Zn(0 H)2. Cac chat nay duoc
tao thanh & dang tda it tan khi cho kiém tac dung véi cac ion tan trong dung dich.
Céac hydroxyd nay tan trong lvgng thira ion OH" tao thanh phtrc hydroxo - nhém -
kém. Boi véi nhom phuwdng trinh cé thé viét nhu sau:
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+ 30H" A A1(0H)3 ran
AI(OH)3ran +  OH- ~ AL(0 H)4
Gidng nhu trweong hop ctia AgCl, dd tan cta A1(0 H)3 va Zn(0 H)2 sau khi dat
toi thi€u, sé tang dot ngdt khi ndong do cua ion cung tén tang. Nong do ion OH
twdng quan véi do tan t6i thiu, co thé tinh toan khi biét hang so' can bang cla
phan rng.
Thi du: Véi ndbng dd nao clia OH~ thi d6 tan cla Zn(0 H)2 dat t6i thiéu? Hay
tinh do tan toi thiéu?
Phrong txinh can bang:
Zn(0H)2,j,, s Zn* + 20H°

Zn(OH>2rf,,+ 20H-S Zn(OH)f
Biéu thi do tan cta Zn(OH)o la s. khi do:

S=[Znn+[Zn(OH)J-] (9.18)
Hang s6 can bang:
T =[zn*1 [0iT]2 = 1,2. 10“M (9.19)
Zn(OH)f
K= =0,13 (9.20)
OH’

Thay phuwong trinh (9.19) va (9.20) vao phuwong trinh (9.18)

s= + K OH- (9.21)
OH'
Dé c6 do tan t8i thiéu, ta I8y vi phan phuong trinh (9.21) va can bang dao ham
theo [OH~| tién t6i O
ds 2T

. +2K OH'
OH' OH’'
Néu ds 0
OH*
Thi 2T ok OH*
OH'

27y I,2. 10

UkJ 0,13 =98.10
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Do tan toi thiéu S tinh duoc khi thay ndng d6 OH vao phuong trinh (9.21)

-17
®t6i thidu he 10 0,13(9,8.10“€\* = 2,5.10"®
(9,8 .10""]
2T Lok ol
OH' OH-

1.3.5. Anh huwdng clia nhiét do dén do tan

Tich s8'tan chi 14 hang s8'd mot nhiét do nhat dinh. Nhiét do thay déi thi do
tan clng thay doi. Sy thay doi clia do tan theo nhiét do co6 lién quan t&i hiéu (ng
nhiét khi hoa tan.

PG v6i chat thu nhiét, khi hoa tan, tirc 1a nhiét dd giam khi tan, thi do tan sé
tang cung voi nhiét do.

Viduy-. Pbl2tan rat nhiéu khi dwn néng, khi lam ngu6i dung dich mé&i dun néng
thi Pbl2 két tinh lai, vy nhé vang sang rat dac trung.

Do tan AgCl 6 100°c 16n gap 25 lan do tan cua n6 & 10°c.

D0 voi chat tda nhiét khi hoa tan thi do tan sé giam khi nhiét dd tang.

Vi du: CaS04.2H20 c6 d6 tan thay doi rat it khi nhiét d6 bién thién
0°c - 60°c. & 60°c phan ti¢r CaS04.2H20 mat bot nuéc két tinh thanh
CaS04.0,871120, CaS04 c6 do tan gidm rd rét khi tding nhiét d6. Do tan cla nd &
60°c Ién gdp 3 lan do tan & 100°c.

1.4. &*rng dung trong phan tich
Can bang két tia hoa tan duQc ('ng dung nhiéu trong phan tich dinh tinh va
dinh luong.

1.4.1. Hoa tan két tla

'Chat két tia An, Bn trong dung dich; i mA + nB

Dé hoa tan két tlla nay can giam nong do cua A hodc B hodc ca hai ion dé céan
bang chuyén dich sang phai. C6 nhiéu cach lam giam nong dd A hoac B:

- Dung phan &rng hoa hoc tao chat it phan ly hoac chéat bay hoi.

- Néu két tha co tich s0'tan qua nhd cé thé dung phan (ng oxy hoa - khir dé
lam gidm nhiéu ndng dd ion A hodc B.
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- CO thé hoa tan bang cach chuyén tla kho tan thanh tia dé tan. Vi du
chuyén tla CaS04 thanh CaCOs.

1.4.2. Két tha hoan toan
Mubh két tia hoan toan mot chat tlr dung dich cac két tlia tach ra phdi cé do
tan dd nho. Vi vay, can phai tao moi diéu kién dé giam do tan cla két tha nhu:

- Cho thudc th dw dé lam giam do tan nhung lvu y khéng cho dv qua nhiéu
va xem c6 su tao phtc voi ion cung tén khong.

- Chon pH thich hOp.

- Tranh cac phan &ng phu cla ion két tla trong dung dich (phan G¢ng tao
phtrcc, phan (rng oxy hoa, ...).

1.4.3. Két ta phan doan

Trong dung dich néu cé nhiéu chdt (ndng doé gan bang nhau) cing tao két tla
khi ta thém dan mot thudc thir vao. Chat nao cd T nho sé két tha trwéc, chat c6 T
I6n hon s& két tha sau. DO la hién tuong két tha phan doan.

Thi du: Trong dung dich cé ion cr va F v6i nobng do w mol/1. Thém dan
dung dich AgNOs vao. Vi T7g] = 10”®nho hon TAgei = 1,8 X nén tich s8"ion
Ag" va | vxiOt TAgj nén ta c6 tha Agl trvoc. Khi két tha Agl ti€p tuc tao thanh
thi Pl se gidm dan, con [Ag™ ting dan va tha AgCl bat dau xudt hién Iic
[Agl[Cn>T,gci-

Vay dung dich bdo hoa chua cé tia AgCIl khi [Ag" = TAgci/[Cn = 1,8 X10~®

& thoi diém dé ndng do [n trong dung dich:

[1“] = TAgi/[Agl = 1 X 10“"&/1,8 X 10"® = 0,55 X 10"®

Nhu vay, cho AgNO3vao dung dich nay két tia duwOc hoan toan F dugi dang
Agl, ion cr van con hoa tan. Pa tach duoc ion r khoi hon hOp.

Nguyén tac két thia phan doan la dung mdt lwveng thudc thir thich hOp dé vira
dl két tha ion c6 T nhd hon nhwng chua da dé két tda ion ¢d T 16n hon. Trong thuc
hanh phan tich, & mot s0""trwvong hOp tach cac ion du¢i dang két tha, ngoai yéu 0"

khac nhau vé do tan du 16n, nguoi ta con van dung thém cac yéu t6"khac nhu pH,
s tao phtc... dé quéa trinh tach duwQc hoan toan.
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2. DINH LUONG BANG PHUONG PHAP KET TUA

2.1. Nguyén tac chung

La phuvong phap dinh lvgng dua trén viéc dung phan ng két tda (tao thanh
hOp chét it tan) gitra thudc thr va chat can dinh luvong.

Phuong phap két tla cho phép ta dinh lwgng cac anion nhuw cr, Br~, CN~
SCN~, sO|", Cro4~, PO4" v.v... va nguoc lai dinh lvong cac cation tao thanh tda
V(i cac anion trén.

Thidu: Ag +cr ->AgC\i.

2.2. Phan loai

Nguoi ta phan loai phuong phap két tia nhu sau

- Phuong phap bac: dwa trén viéc dung dung dich chuan la AgNOs, dua trén
kha nang tao thanh mudi bac.

- Phuong phap thuy ngan I: dwa trén viéc dung dung dich chudn mu6i thuy
ngan (1), tao thanh hOp chéat thuy ngan | khéng tan nhu Hg2ClI2, Hg2Br2 Hg2l2.

- Phwong phap thuy ngan Il: dwa trén viéc diung dung dich chuan mu6i thuy
ngan () tao thanh hOp chat thuy ngan Il kém phan ly: HgCl2, Hg(CN)2,
Hg(SCN)z2...

Tuy nhién cac phwong phap thuy ngan (1), (1) ¢ nhwgc diém la mudi thuy
ngan rat doc nén it st dung.

2.3. Yéu cau doéi voi phan rng trong phuvong phap két taa

Khong phai tat cd cac phan ng két tla déu cé thé dung dé xac dinh dinh
lugng. Céc yéu cau co ban ddi véi cac phan tng dugc dung trong phrong phap két
tua la:

- Phan (rng gitra chat can xac dinh (A) va dung dich chuéan cla thudc thir B
can phai xay ra véi diéu kién tao thanh két tla cd do tan Sa r tdi thi€u, va trong
moi trrvong hOp khong duQc vugt qua do tan cho phép 10~®mol/l. Phirc tao thanh
phai c6 hang s6'khong bén nhd nhét, hang s6’nay biéu thi mirc do bén cla phtc.

- Vi thém cac chat dién ly khéng c6 ion chung dbi voi két tha A,,Bn lam tang
dod tan clGa n6 nén phan ng can tién hanh & diéu kién khi chat la c6 mat trong
dung dich phan tich khéng can tré s chuan do chat can xac dinh, phan ng két
tla két thic nhanh va thuc té dén tan cung.
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2.4. Phuwong phéap bac

2.4.1. bac diém cla phvongphéap

Phan tich chudn do dua trén viéc dung chat két tda la dung dich chuan Ag»
(AgNO03).

Ag™ + An“ -> AgAni

Phwong phap bac dung chd yéu dé xac dinh ion halogenid va Ag™.

2.4.2. Duong biéu dién dinh lvong

Thidu: dinh lvgng dung dich NaCl 0,1 N bang AgNOs 0,1N.

Trwédce khi thém AgNO3vao dung dich NaCl 0,1N phan ly hoan toan thanh ion,
nong do clia c r trong dung dich bang néng dd chung cta NacCl.
[cn =c (nbng d6 NaCl) O.IN = 10“»
pCl=-Ig[Cn=-IglO"' =
pKN - -IgK
pH =-Ig[HI
pCl: chi s6 ndng do6 gicng nhu chi sé' phan ly acid.
- Khi thém 90% AgNOa 0,1N thi con 10% cr khong két tla

- Khi thém 99% AgNO30,1N twong tw nhw vay ta co;
lcn =io-~ (Cr)=~x0,i =i0-V
pCl =3

- Khi thém 99,9% AgNO3tudng tv nhu vay ta co;
[cr] =i0-*, [cr]=Mxo,i =i0o-*
pCi =4

Vi [Agn[cn=TA, ci=1.7.10-*

pAg +pCl=10-1g 1,7 = 9,77
pAg =0,77
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Bang 9.1. Chudn dé 100 ml dung dich NaCl 0,1N bang dung dich AgNOa 0,1
(khéng ké sw pha loang)

Dung dich «
AgNOjthém NaCl con lai (%) [CI-] pCl [Agl PAg
vao (%)
0 100 10- 1
50 50 5. 10-2 1.3 3,4. 10« 8,47
90 10 10-2 2 1,7. 10« 7,77
99 1 10-3 3 1.7. 10" 6,77
99,9 0,1 10-" 4 1,7. 10® 5,77
" 4,88
100 0 1,303. 10® . 1,303. 10® 4,885
0.1
100.1 17. 10® 577 10" 4
AgNOsiduw)
1
101 1,7. 10-" 6,77 3
AgNOaidw)
10
110 1,7. 10® 7.77 10-2 2
AgNOaidw)

* Piém twong duwong

> Khi thém 100% AgNO30,IN, & diém twvong duong ta c6 dung dich bdo hoa
AgCl, [Cr] = [Ag"].dod6:
[cr] = [Ag”"] = =1,3.10-~
pCl=pAg =5-1gl,3= 4,885
> Khicho thra 0,1% AgNO30,1N
[Ag"]= 10-7
pAg =4, [cn= 1,7. 10“®(mol/1), pCl = 5,77

Ag’\ I\]/I-Od<o,i:io-"
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- Khi thtra 1% AgNO3 0,1N
[Agh] = 100~ pAg =3 [cr ]=1,7. 10*'-> pCl = 6,77
Puong biéu dién

Puong tuong duong

90 100 110

Thé tich dung dich AgNOs
Hinh 9.2. Bwdng cong chudn dd dung dich NaCl 0,1N bang dung dich AgCl 0,1N

Nhé.n xét

Puwong biéu dién c6 dang chung giéng cac duong biéu dién dinh lvong khéac,
gan diém twvong duvong c6 bwudéc nhay pCl= 4-5,77, pAg = 5,77-4.

Tri SO budc nhay phu thudc vao néng d6 dung dich cdn chuédn d0 va dung dich
chudn. Ndng do cang Ién thi budc nhay cang dai (Néu ndng d6 IN bwdc nhay béat
dau pCl=3va kétthac pCl =6,77 dai hdn bvéc nhay &ndng d6 0,1N).

Bwédc nhay con phu thudc vao tich s6 tan cua tGa. Tich s6"tan cang nhd buéc
nhay cang dai va nguwoc lai. Trong phwong phédp két tda dung nhitng phan ¢ng két
tia T < 10'~°,

Cach chon chi thi mau twong tuy cdc phvong phap trén chi thi cé sw bién doi

mau & trong buwuéc nhay.
2.4.3. Cacyéu to anh hwong dén duwong cong chuan do

- Anh hudng cia nong d6 dung dich can chudn dd va dung dich chuén

DEé so sanh, trong bang 9.2 trinh bay cac s6'lieu thé hién sy thay doi cta pCl
khi chudn dé 100 ml dung dich NaCl véi néng dd IN, 0,IN, 0,01N badng céc dung
dich AgN0,3 v6i ndng do tuong tw. Cac dt lieu nay dwOC bidu dién bang dd thi trén
hinh 9.3.
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Bang 9.2. Anh huéng cta ndng dd dung dich can chuén dé va dung dich chudn dén su thay
ddi ctia pCl khi chudn dd 100 ml dung dich NaCl bang dung dich AgNo3

Dung dich

AGNO3 the . Nong dé NaCl pCl
t o
g (m;m Y89 hay AgNO3 (%) IN 0,1N 0,01N
Truéc diém twong duong
0 100 0 10 2
50 50 0,3 13 2,3
90 10 1 2 3
99 1 2 4
99,9 0.1 3 4 4.73
Tai diém twong duwong
100 0 4,885 4,885 4,885
Sau diém twong duong
0,1
100,1 6,77 577 5,04
AgNOa (dw)
1
101 7,77 6,77 577
AgNOg (dw)
10
110 8,77 7.77 6,77
AgNOg (dw)

buong tuwong duong

Hinh 9.3. Anh huéng néng dd cta dung dich chudn doé (NaCl)
va dung dich chudn (AgNOs) déi v&i sw thay déi pCl
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Phan tich dudng cong chudn dd va cac s6 lieu & bang 9.2 c6 thé két luan rang nong
dd dung dich can chudn d6 va dung dich chudn cang I6n thi bwdéc nhay chuan do
cang Ién. © néng dd IN, bwéc nhay tir 3 - 6,77, voi ndng dd 0,1N bwdc nhay ngan
hon tlr 4 —5,77 trong khi voi ndng do loang 0,01N, budc nhay khdng ¢ sy cach biét
4,73 - 5,04.

Tuy nhién can cha y rang, khi chudn dung dich 0,1N buw6c nhay da lon, vi vay
khong nén chuan do cac dung dich véi nong do I6n hon 0,IN. Sai s6 chuan do do
viéc do khéng chinh x&c khi dung cdc dung dich c6 ndng dd I6n ddc biét tang Ién
rdt nhiéu so véi khichuan dé cac dung dich ¢c6 ndng d6 nho.

- Anh hudng cla do tan chét két tda

Céac hOp chat tao thanh trong quéa trinh chuan dd theo phuong phap két tla la
cadc chdt it tan. Tuy nhién sai s0 gay ra do d6 tan cla chiung c6 thé lam sai léch két
quad phan tich, vi vay khong thé bé qua dd tan duwOc. Anh hwéng clia dd tan chét
két tha tach ra dén bwéc nhay chudn do dwoc dua ra & bang 9.3. Trén co s& cac so"

liéu cia bang 9.3 nguoi ta xay dilng dwong cong chuan do.

Bang 9.3. Anh hudng cha dé tan chat két tha tach ra dén buwdc nhay chuén do khi chudn
100ml dung dich 0,1 N bidng AgNOs

pHal
AZLll\In(g)j tOrI:g:n E:;% gg gg(Ho/?)l khi chuan do
vao (ml) NaCl NaBr Nal
| OAga=1.7. 10*)  (T,gB=3,3. 10"  (T'g, =8.5. 10-"0
Truéc diém twong duong
0 100 1 1 1
50 50 13 13 13
90 10 2
99 1 i 3
i 99,9 0, ' 4 4 . 4
Tai diém tuong dwong
100 0 4,885 6,211 8,035
Sau diém twong duong
100,1 e 5.77 8,42 12,07
’ AgNOj (du) ’ ’
101 AgNOla (du) 6,77 9,42 13,07
110 AgNég (du) 7.77 10,42 14,07
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Hinh 9.4. Anh hwéng gia tri dd tan cla chéat két tha tach ra dén bwdc nhay chuén do

Phan tich duong cong chudn dd va cac s6"lieu & bang 9.3, c6 thé két luan réng
do tan cta hOp chat két tha cang nhd thi bwuéc nhay chudn d6 cang lon. Khi chudén
doé dung dich NaHal 0,1N buwéc nhay chuan dd la: NaCl buwéc nhay (4- 5,77 ), NaBr
(4—8,42); Nal (4-12,07 ). Bwdc nhay chudn do trong tdt cad cac trvong hOp nay la
da lon.

2.4.4. Hién twogng hap phu khi chuan do theo phwongphéap bac

- Keova tinh chdt hdp phu cia dung dich keo

Keo la nhi*ng tiu phan c6 kich thwéc khoang 10”7~ -> 10" cm, nam trung gian
gitta ion va két tha. Dung dich keo la trang thdai trung gian gitta dung dich that va
hén dich. Trong nhi*tng diédu kién nh&dt dinh mot dung dich c6 thé chuyén t trang
théi nay sang trang thai khac. Trong thuwc té khédng cé ranh gi¢i chat ché gitta ba
trang thai nay.

Dung dich keo c6 tinh chat:

- N6 la mot hé khdng dong nhdt (khdc véi dung dich that la mdét hé dong
nhdt). Dung dich keo cé tinh chdt dién ly do sy xudt hién dién tich trén bé mat
phan chia - sy tao thanh I6p dién kép cla ion va gan lién v&i chang la tinh chét
hdap phu.

- Cac hat cGa dung dich keo mang dién tich duéng hodc am. Sy tich dién cua
cdc hat keo do hdp phu céc anion (tich dién am) hay cation (tich dién duong) trén

bé mat cla né. Thi du: cac halogenid bac hdp phu Ag” hay ion Har nhuv khi cho
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AgNOa vao dung dich NaCl, két tta AgCl tao thanh & trong mdi truodng du NacCl
nén tda nay s& hdp phu wu tién ion cr trong dung dich. K&t tlia tao ra cé&c hat
mang dién tich &m. Nhuw vay dién tich cia hat keo duQc xac dinh bang dién tich
cla cac ion bj hdp phu trén bé mdt cla né va phuy thudéc vao diéu kién tao thanh
keo. Cac hat keo bao gom céc phan tlr va ion lién két véi ching va cac ion trai dau
trong dung dich tao thanh mixen. Mixen tao thanh tlr cAc nhan khdéng tan trong
moitreudng dé va bao boc bdng 18p dién kép céc ion. Mot I6p ion duwoc goila 16p hédp
phu n&m trén b& mat cGa nhan lam cho né tich dién. Trong thanh phan I6p hép
phu c6 mot phan ion trdi ddu ma phan chinh cla né tao thanh Iép thé hai. Mixen
trung hoa dién (téng dién tich bdng khéng).

- Sy dong tu keo

Cac hat keo tich dién c6 thé bién thanh cac hat I6n bdng cach dic biét. Qua
trinh két hQOp cadc hat keo thanh cdc hat I&n hon goi la sy ddng tu keo. Sy dong tu
keo c6 thé xay ra bang sw tang nhiét do, tac dung ctia a&nh sang, dong dién cao tan,
siéu am, lac, tron, khudy dung dich...

- Su pepti hoa

Pepti hoda la quéa trinh chuyén dung dich keo dd déng tu trd vé trang thai phan
tan ban dau, nguoc véi sy dong tu, nghfa la IGc d6 két tla chuyén thanh keo. Hién
tugng nay thwong xay ra khi nguoi ta rira tia keo ddng tu bdng nudc. Do giam
nong do chat lam doéng tu, rra két tia khong chiloai chdt bdn ma con loai ca chat
dién ly tao nén sy doéng tu keo. Cac hat keo trd lai tich dién, ddy nhau phan tan
trong dung dich, chuyén né thanh hé keo. Nhwv vay rira tia dé lam gidam tap chAt,
nhving dong thoi cé thé mat mot phan két tla.

Dé ngan ngra hién tuong nay nguoi ta khéng rira két tia badng nwdc, ma
thwong rira tia bdng dung dich cdc chdt dién ly bay hoi, cac chdt nay c6 thé duwoc
loai khdi két tia badng sdy khoé. Thi du rra tia AgCl badng dung dich HNO 3 lodng,
khisdy kho 6 110®c acid nay bay hoi hét.

- Sy hinh thanh dung dich keo cla bac halogenid

Khéado sat truong hop tao dung dich keo AgCl.

Khi ta cho trng giot AgNO 3vao dung dich NaCl, cdc hat keo dau tién xuat
hién, d6 la cac vi tinh thé (AgClr~, bac halogenid rdt dé tao dung dich keo, néu
lugng AgNO 3 cho vao twong duong véi lwgng NaCl trong dung dich ta s& cé tla
tinh thé. Khi trong dung dich cé dwv ion cr, nghia la tredoc diém twong duong khi
chudn doé halogenid bdng bac, hodc khi du ion Agh nghia la treuéc diém twuong duong

khi chudn do ion bac bdng halogenid thi cac vi tinh thé ban dau s& hdp phu uwu
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tién chung tao ra I6p ion hdp phu mang dién tich (dién tich am trong trwdng hOp
du Cl1 , hoac mang dién tich duong trong truong hQp du ion bac), con goi la I6p so
cdp. LOp nay sé hut cac ion trai dau trong dung dich dé tao ra I6p ion doi hap phu,
con goi I&p thi cdp, 16p thir cap két hOp voi nhan mixen (tc vi tinh thé dau tién)
[6ng l1éo hon nhiéu so véi I6p so cdp. Hai l6p nay tao ra l6p dién kép bao quanh
nhan mixen hinh thanh tiéu phan keo. Céac tiéu phan keo, vi vay mang dién tich
cung ddu nén day nhau, ngan can s két hOp cla céac tiéu phan keo thanh hat Ién.

Mudh céc tiéu phan keo dong tu can lam mat dién tich cla l6p so cap.
Sd do tiéu phan keo cho 2 trong hOp:
- Khi c6 dwion ([
[ (Ao ncr (n-X)Nal™' X\t
nhan (mixen) lépsocdp 16p thir cap

- Khi c6 dv ion Agh

[(AgCl), nAgn (n-x)NO3I"*"xNO03-
nhan (mixen) I6p so cap l6p thr cap
\Y n y

tiéu phan keo mang dién tich

Hinh 9.6. Cau tao hat keo AgClI trong dung dich AgNO3

Trén bé mat cia cdc hat keo mang dién tich hdp phu cé&c ion tao két tua it tan

nhé&t véi cac ion trong thanh phan cdc hat d6. Ngoaira, ching hdp phu céac ion cé
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nong d6 cao. Thi du: Khi két tia Agl c6é thé xay ra cong két Br , Cl , SCN va cac
ion khac. Khi chuédn d6 halogenid khéng c6 tap chat la, két tia hap phu cac ion
HaF c6 trong dung dich, cac hat AgHar tich dién am. Trong truong hOp nao thi
két tia chuan do cling sai léch. Vi vay can phai tuan theo ding diéu kién két tla
trong cdc phuong phéap xac dinh céac chat.

2.4.5, Cac cach xac dinh diém két thuc trong phwong phép bac
Chat chi thi dwOc dung trong phuong phap bac can khong doi mau cho dén khi

toan bd ion can xac dinh chuyén thanh két tGa (chuyén thanh két tha cua dung
dich can xac dinh véi dung dich chuan trwédc), chat chithitao véiion clia dung dich
can chudn d0 két tta mang mau, cé do tan Ién hon d0 tan chdt kéttGa chinh, chét
chi thi can dd nhay doi véi lvong dw nho AgNQO's.

Nguodi ta dung chat chi thi cling nhv khéng dung chédt chi thi(sosanh d6 duc
v.v...) Ta chi nghién ctru cac phwong phap dung chi thi. Cé 3 phuong phap:

2.4.5.1. Phuvong phap Mohr - dung KoCrO” lam chi thi

- Nguyén tac

Phuctog phdp nay duwa trén phan (ng gilta AJ”™ va cr voi chi thi KoCrOs, @

diém twvong duong K2CrO 4tac dung véi lvong Ag du tao tda dé gach.

Ag"+cr ™ AgCli (9.22)
2Ag” + CrO ,- -> Ag2Cr04n (9.23).
b6 gach

Chi thi dung la ion cromat Cros4“, né tao ta dé gach Ag2CrOas c6 dd tan 16n

hon AgHal.

SAYCr,=79.10 M, s =13.10 M,s ABr=5.7.10 M

Khichuwa téi diEém twvong dwong Ag2CrO,l chwa tao thanh khichwa c6 lvgng duw
ion halogenid nén diéu kién can thiét cia phép dinh lugng nay la Ag" phai két tla
hoan toan véi cr dugi dang AgCl trudc khi tia dé Ag2CrOs duoc tao thanh. Do do
ndng do cda chi thi phai bang bao nhiéu dé sai so' chi thi khéng qua + 0,1% (diém
két thic nam trong pham vi budc nhay). Trong khodng sai s6 chudn do + 0,1%
nong do Cro 4 “cothé thay doi tir 0,36 M - 1,1.10~'*M.(Khi Cqgi = 0,1 M).

& sai s6 chudn do- 0,1 %[cr]= 1,0.10" M, suy ra
[Ag =TAx/[Cl]=1,7. 10“®twr day co:
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[CrOl-] = TAg3Cr/[Agl™ = 0>35M
o sais6bchuan do+ 0,1% [Agl = 1,0.10'* M, suy ra [CrO~"] = 1,1.10 M

Thuc té nong do CrO|~ bang 0,01 - 0,005 M.

Theo ly thuyét, Ag2CrO4 chi tao thanh & diém twong dwong khi chi thi cd ndng
do tr 0,35 M - Thuc té ta thwong dung chi thi véi néng do t
0,01 - 0,005 M vi néu dac hon thi dung dich ¢c6 mau vang dam cuda chi thi, khé
nhan thay sw chuyén mau, néu lodng hon thi khéi lvgng cla tla Ag2CrO4 tao
thanh qua it mat ta it nhan thay.

- Diéu kién ctia phuéng phap

+ Phuwong phap nay dung trong moi trwong pH = 6,5-10 (khéng nho hon 6,5 va
khong qua 10), khi c6 mat ctia mudi amoni pH = 6,5 -7,2.

+ Phuong phap nay khong dung trong méi trwvong acid va trong maéi trwong
kiém, vi néu dung trong moi trwong acid CrO|“ -> CrOf" tao véi Ag™ két tia dod
tan trong acid:

Croi"+H~ i1 HCrO|

2HCrO| N CrO?-+H20

+ Trong dung dich kiem manh tao thanh oxyt va hydroxyd bac.
Agh+ OH« ~ AgOH 1
2 AgOH -> Ag20 + H20
+ Phuong phap nay chi duQc dung dé xac dinh cac cr va Br~ ma khong duCt
dung dé xac dinh r va SCN*“vi kh6 nhan xét luc két thdc phan (ng do hién twQOng
hap phu va tao thanh cac hé keo.
+ Khong thé chuan do dung dich c6 mau theo phwong phap Mohr vi mau cla
dung dich che mau ctia Ag2CrOs & diém twong dwong.
2.4.5.2. Phwong phap Volhard - Phuong phap dung phén sat amoni lam
chi thi
Pinh lvong Br cr theo phwong phap Volhard dwa vao ky thuat chuan do
ngugc.
Nguyén tic: ping mét lvong dv AgNOa & moi trudong acid nitric dé két tha
hoan toan bac halogenid. Binh lvong Ag* (du) badng dung dich chudn NH4SCN.
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Thidu: Ag'ACdU) + Br"  AgBrij

Agh+ SCN '"AgSCN i

3SCN*“ + Fe(SCN)g (d6 tham)
Phén s&t amoni: Feo(S04)3.(NH4)2S04.24H20

Dung dung dich chudn: NH4SCN dé xac dinh Ag"r. AgNO3, NH4SCN dé xac

dinh cac halogenid va cac ion khac.
C&n cl* vao céac tri s6"pSCN tai dau va cubi cac bwbéc nhay cia dwong biéu dién
dinh lwong ta c6 thé tinh duwOc khoang nong do can thiét dé mau xuét hién ¢

ding diém tviong dvong va sai séchithi khéng qua + 0,1% -
AAgSCN “ 1,1.10“~" 6 diém twvong dvong [SCN“] = 10“®
Theo Iy thuyé&t nguoi ta cho rdng mau cta FeCSCN)A"~ tao thanh & ndéng do
6,4. 10"~ M. H&ay tinh ndéng do Fe la bao nhiéu dé phtc mau do6 tao thanh.
Dé saisd'chudn do bang khdong, mau cta Fe(SCN)A” can xudt hién khindng do
Ag"~ con lai trong dung dich badng tong ndng d6 SCN~
[Ag"]=[SCN“]+ [Fe(SCN)2~]= [SCN" ]+ 6,4. 10“®
hay T Agscx/ [SCN~]=1,1. 10’/ [SCN™ ] = [SCN“] + 6,4. 10"®
Sau khi bién déi
[SCN']-~ 6.4. 10'®@ [SCN“]+ 1,1. 10'"A* = 0
[SCN*]=1,7. 10""

Hang sd6'b&n FeiSCN)A"~ béng:

[Fe~r][SCN -]

Thay vao biéu thirc d8i voi hdng sd6'bén ndng dd [SCN*“ ] tao lugng FeCSCN)A"A
ma bang mét thwong co thé phat hién dudc.

1,4, 10'= v

[Ferl = 0,27 M
Chudn dd theo phuong phap Volhar ndng dd nay khéng bat budc. Ndng dd
Fe'™ c6 thé dao dbéng trong khoang 0,002 - 1,6 M, sai s6'ly thuyét khdéng hon
0,1 %. Trong thwc té néng do [Fe trén 0,2M thi mau vang cla né lam ta kho

nhan sy d6i mau cta dung dich chuan do6.
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Vivay nguwoita ding ndong do Fe khoang 0,01 M.

- Diéu kién cta phuong phap

+ MOoi trwong phai acid manh (dung HNO3 dam dac) dé tranh sw thuy phan
cha Fe™\, tranh tda Agz20 va lam giam hién tvQng hap phu.

+ CO6 thé dinh lugng cac halogenid trong mdi trrvong acid manh vi khong thé
chudn do cac halogenid trong moi truong trén bing phuong phap Mohr hay
phwvong phap dung chi thi hdp phu.

+ Nguwoi ta dung phuong phap nay dé dinh lvong cr, r, Br SCN'" va AJ"
Nhuwng néu dinh lvgng cr theo Volhard, mot kh6 khan thudng xay ra khi dinh
lwvong bac con lai.

Theo phwong trinh phan &ng

AgNdu) + cr ~ AgC\i
Ag”h + SCN" A~ AgSCN |

& thoi diém khi lvong dw AY*™ duQt chuén lai bang SCN~, céc ion scisr duw sé

phan ling véi AgCl
AgCl + SCN"™ AgSCN i +cr (9.24)

Vi AgSCN (T~gscN - 1077 it tan hon AgCl (T”gei = 1,7 X 1077°) nén can bang
chuyén dich tir trai sang phai.

Phan (rng dat t¢i can bang khi ty 3"

[C1-] Ta” i 1,7x10-1°
[SCN-] T~"gscN 10*2

Nghta la can bang duwoc thiét 1ap khi [SCN~] < [cr] 170 lan.

N6i mot cach khac, mot lugng thra SCN da tham gia phan Gng trao d6i voi
AgCl. Vi vay rat kho nhan ra diém QU chudn do, vi mau hdng xuét hién do tao
thanh Fe(SCN)3nhanh chéng mat di do phan Gng trao doi

Fe(SCN)3 + 3AgCI i:; +3Cr + 3AgSCN |

MuGVi ¢c6 mau do bén cta phirc sunfocyanid voi ta can phai tiép tuc cho
SC>T nita va s& mac sai ° D& tranh hién tuwong nay nguwoi ta dung nhiéu bién
phap khac nhau nhu: thém mot I6p ete, benzen hay bat ky dung moi hiru co khac
vao hon hOp dung dich nuéc AgCl, AgCl dong von lai 6 mat phan cach cha nuodc va
dung méi hiru co va khong tac dung véi SCN”. Hoac dwng dung dich cr trong binh
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dwng nwdc thém mot lvgng thira AgNOs chinh xac, thém HNO3 dam dac, thém
nudce cat toi vach chuén. Loc dung dich va l1dy mot phan dung dich dinh lvgng bang
SCN",'nhuw vay AgCI da bi loai khéi dung dich khéng tré ngai cho qua trinh dinh
lvong.

2.4.5.3. Phuvong phap Fajans -Phwong phap dung chi thi hap phu

Phuong phap nay dwa trén tinh chat ctia chat két tia hdp phu mot sé chat
mau va lam cho cac chat mau nay thay déi mau.

Pay la phuvong phéap txuc tiép, co thé dinh lwong cr, Br~, hay  bang dung
dich AgNO’3 va dung chat mau eosin hoac fluorescein lam chi thi. Co ché nhu sau:

Eosin la mot acid hiru co yéu, phan ly trong dung dich KI lam cho dung dich co
mau héng!

Eosin la Tetrabromfluorescein:

2Na

Eosm (mudi dinatri mau dd)

Fluorescein

Muébi dinatri mau do
HE~ +E'
Khi chura dat dén diém twong dwong cac tiéu phan keo cua tla Agl tao thanh
trong phan (rng sé hap phu céac ion r cé thira trong dung dich, cac tiéu phan déu

mang dién tich am nén khdéng hap phu cac ion Eosinat (E ).
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Vang nhat
mAgl + nlI"™  [Adlljnnr
Khi dat dén diém twong dwong, khi dv mot lwong rat nhd AgNO3, két tia Agl

hép phu céac ion duv va mang dién tich dwong do d6 hap phu manh cac anion E*
mang mau. Khi dé két tia chuyén mau tir hong sang do tim:

Po tim
mAgl + nAg”™ ™ [Agl],,nAg"

Nhirng chi thi nay khong lam d6i mau cta dung dich ma chi déi mau trén bé
mat keo mang dién tich duwong.

- Diéu kién cua phwong phap:

pH clha dung dich anh huwdng dén chuan do bai vi chi thi hap phu la céac acid
yéu. Dang hoat dong cla chi thi la ion lién hOp chia chat mau. Vi vay pH chuan do
c6 lién quan dén hang sd phan ly cda chi thi.

Diéu kién can thiét dé sir dung chi thi hap phu dé la kha nang clia né nhu ion
trai dau nhwng khéng thé vao ion hap phu dau tién clta tia. Anion dién tich 1 cén
tré nhau trén trén bé mat AgHal theo thi tv, twong quan véi sy phan cuc hay voi
kha nang ai nhan cuta cac anion. & pH = 7 th tw thay thé: r > cisr > SCN~ >Br*“
> anion Eosin > cr > anion diclofluorescein > CHsCOO” > anion fluorescein >

NOi, CIO4,

Nhuv vay & pH = 7 anion sé la chi thi, néu nhuv né dirng & trong day nay bén
phai cla ion chuan do. Trong khi chuan do cht y tranh ndng do Ién chat dién ly,
né cd thé twong tac véi chat mau.
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Pinh lwvong Br , | v@i chi thi eosin méi trwdng acid pH < 2. Ta khdng dinh
lwvong cr voi chi thi eosin vi anion eosinat bi tlia Agl hap phu rat sém, tda bi dé
trwdc diém twong dwong. Trong trueong hdp nay duang chi thi la Fluorescein mau
bién doi tlr vang xanh sang dé 6 mdi trwong pH = 7 -10.

2.5. Sai so chi thi

Nhu bat ky chudn do nao, co thé co sai s3'ngiu nhién va sai 9"hé thong. Sai so'
ngau nhién co lién quan dén do ddc cla dwong cong chudn do. o Iéch chuén cla
gia tri thé tich 6 diém twong dwong cang nhd, do doc cang lon. Nhw vay do léch
chuan cua gia tri thé tich cang nhé bao nhiéu, ndng dé cla ion chuan do cang lén
va do tan cua tha tao thanh cang nhé.

Sai s6 hé thong lién quan téi sy khdong trung nhau cta diém twvong dwong va
diém két thdc. Néu nhu tao thanh hon hOp it tan loai AB thi tai thoi diém chua
dat t6i diém twong dwong f<l gay sai $8"am, khi qua diém twong duong £51 gay ra
sai s6 dwong.

& diém két thac, ndng do cha ion (nhu halogenid) [HallE)KT bang téng ndng do
ion chwa chuan do (hoac da chuén do) nghta la Co (1 - f) hay Co (f—1) va ndng do
clia cac ion tham gia vao sw tmh dd tan clta tia AgHal ma bang [Ag”JHKT hay

[H ™~ lakt-

[HalJoKT = Co (1 - f) + [Ag”JoKT

[Ag"DKT = Co (f- 1) + [HAJE)KT
Mé. Co — = Cmg_l_
Suy ra
[H aI]E)KT *NAgHal

Ag"

DKT
ss=1-f = Helor A0 o _ [Hal]E,KT-(T~[Hal]pKT)
va
ss=f-1 = AT bk Hal pr AT pr AT” pkl

Dé dang thdy rang sai s6' hé théng cang nhd bao nhiéu, ndéng dd cda chat can
chuéan do va chat chuan cang l6n va diém két thde cang gan diém twong duong.
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Dé tinh sai s6 chudn do, nguwoi ta lam thi nghiém kiém tra cho dung dich
AgNOa vao dich nhi twong CaCOs vé&ichi thicromat cho dén khi xudt hién mau

dd. Thé tich tim dwgc dung dé tirih két qua.
2.6. Cac dung dich chuan dung trong phwong phap bac

Trong phwvong phap bac chlt yéu dung dung dich chuan la AgNOs, dung dich
chudn NH4SCN duwoc chuén lai bang dung dich AgNOs-

2.6.1. Cachpha dung dich chuan AgNOg OyIN

- C6 thé pha dung dich AgNO3 0,1N bang cach hoa tan mdt lwgng tinh trudc
tinh thé AgNOs tinh khiét hoa hoc trong mot thé tich nwéc xac dinh.

- Ho#c pha AgNO3 tir hoa chit khdng duQc tinh khiét 1dm, ¢ ndng do xdp xi
roi dwogc xac dinh theo NaCl tinh khiét hoda hoc.

Dung dich AgNO 3 bi thay doi khi dé lau. Dwdi anh hwdng cla anh sang, sw
phan huy dwvoc tang lén, vi vdy nguwoi ta dé dung dich trong chai thuy tinh mau

nau.

2.6.2. Cachpha dung dich amoni sunfoxianid 0,1N

Khong thé pha dung dich NH4SCN c¢é néng dd chinh xac theo lwvgng can cula
chat, vi NH4SCN hat am. Vi vay nguoi ta pha dung dich ¢ ndng do gan dang voi
yéu cau, sau do xac dinh néng dd ctia dung dich NH4SCN x&p xi 0,1N bang dung
dich chuan AgNOsO.IN.

2.7.¢ng dung phwong phéap bac

2.7.1. Binh luvong c r trong NaCl ky thuat bang phwong phap Mohr

Nguoi ta xadc dinh ion clorid trong cac clorid tan dwa trén sy chuédn do truc tiép
lwogng chdt can phan tich hay dung dich cta n6 badng dung dich chudn AgNO3 véi
chithi kali cromat. Néu xudt phat tr san phadm tinh thé thi tinh ham Ilvgng phan
trdam cta NaCl hay Cl1 “ trong mau. N&u phan tich dung dich NacCl thi tinh ham

lwvong ion cr hay NaCl trong dung dich thanh gam.
2.7.2. Binh lvgng ¢ r theo phvong phap Fajans

Pinh lvong truc tiép ion clorid bdng dung dich chudn AgNO3 v&i chi thi
fluoressein duoc tién hanh trong mdi trwdng trung tinh, mau trén bé mat cta tla

chuyén tr vang dé sang do hong.
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2.7.3. Binh lvgng K1 theo phvongphap Fajans

Pinh lvgng truc tiép Kl bang dung dich chudn AgNOs, véi chi thi eosin duQt
tién hanh trong moi trwvong acid, mau trén bé mat cla tda chuyén tlr hdng sang
do tim.

2.7.4.Dinh lvgng c r theophwongphéap Volhard

Pinh lwgong clorid theo phuong phap Volhard bang cach chudn dd ngwgc. Cho
mot lvgng du chinh xac vao dung dich NaCl can dinh lwgng, tao tha trang cla
AgCl, loc bd tua AgCl (hoac cho dung méi hiru co nhu benzen vao dung dich phan
tich). Pinh lvong Ag™ du bang dung dich chudn NH4SCN véi chi thi phén sat

amoni.

TU KHOA
- Tich s0 tan - B0 tan
- Két tha - hoa tan - Phudng phap bac
- Keo - pepti hoa - Hap phu

CAU HOI LUONG GIA

1. Viét biéu thirc tich s tan, dd tan; Cac cong thirc tinh do tan trong nuéc
nguyén chat, khi ké tdi hé s6 hoat do.

2. Néu cac yéu t"anh hwdng dén do tan va cach tinh dd tan trong tirng diéu
kién cu thé.

3. Néu tinh chat cta dung dich keo, gidi thich hién twong dong tu va pepti hoa.

4. Néu y nghia ctia phan trng két tlia hoa tan trong phan tich.

5. Khao sat dwong biéu dién dinh lvong va néu cac yéu 18" anh hudng dén
dwong cong chuén do két tda.

6. Néu su hinh thanh dung dich keo ctia bac halogenid.

7. Néu nguyén tac, diéu kién ti€n hanh va rng dung ctia phuvong phap Mohr,
Fajans, Volhard.

8. Néu trng dung ctia phuong phap do bac trong phan tich.

9. Cho biét tich $9''tan ctia cac muoi iodid nhu sau:
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iodid T

Agl 8,50. 10"
Pbl2 7,10. 10"~
BiI3 8,10.10""®

Hay xép cac mudi trén theo thi tv gidm dan do tan trong:

a) nuoc.

b) 0,100 M dung dich Nal.

c) 0,100 M dung dich cation twong trng.

10. Hay tinh d6 tan ctia BaSo4 trong

a) dung dich trung tinh

b)dimgdichHC10,100M(HS04*“ + H20 ~ {isO™ + so/";

Kg=1,20. 102) BS: a) 1,10.10~®M; b) 3,50. 10“*"M

11. Hay tinh d6 tan AgCl trong dung dich NaCl c6 nhirng néng dd sau:

a) 2,00 M c) 5,00. 10“ M Biét Ki = 2,00.10"®, K2 =1
b) 0,50 M d) 5,00. 10"*"M

e) 1,20. 10""M g) 1,10. 10“®'M

h) 1,50. 10" M i) 3,70. M

CAU HOI TRAC NGHIEM

1. Muén c6 két tla:

a. [A|™[B]" < Ta™bh c. [A]-.[B]" > T™Bn e. [B]" < Ta,,bh

b.[A]-[B]"=TA”Bn d.[A]-<TA,Bn

2. Mudn c6 két tia tanduoc:

a. [Ar.[Br <T"mBn c. [A]l-.[B]" > T7En e [B]" <

b. [Ar.[Br = TAnBn d. [A]- < Ta”Bh

3. Cong thic tinh do tan trong nwéc nguyén chat cta chat dién ly it tan dang
AB (cung hoa tri):

a. Sab Vi A c. Sab-V2Tab _Tab
B,

b- Sab=7tab d. Sab- AB
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o O T oo

[«2]

. Khi thém du thu6c thr két ta, do tan cia két tla:

. tang 1én c. giam xubhg e. khong thay doi
. tang Ién nhiéu d. gidm xu6ng nhiéu

. Trong moi trwong acid do tan cua chat dién ly it tan phu thudc vao:

. tich s0' tan clia mudi d6 va nong d. hang 3" phan ly cta acid trong moi

dé truong
. tich sé tan cia muoldo e. nbng do cdia mudi do
. ndng dd

. Phuctog phap Mohr thuc hién 6 méi trwong:

a. acid manh d. kiém yéu

b. kiEm manh e. trung tinh, kiém yéu pH= 6,5-10

c. acid yéu

7. Phuvong phap Volhard thyc hién 6 moi truong;

a. acid manh c. acid yéu e.trung tinh, kiém yéu

b. kitm manh d. kiém yéu 6,5-10

8. Phwong phap Fajans dinh lvong Br~, r v&i chi thieosin thuc hién 6moi
truong;

a. acid manh c. acid yéu e.trung tinh, kiém yéu

b. kiEm manh d. kiém yéu 6,5-10

9. Phuwdng phép Volhard dung k¥ thuat chuan do;

a. truc tiép c. nguQOCt e. gian tiép - thira trir

b. thé d. gian tiép

10.Chi thi dung trong phuong phap Mohr:

a. Phén sat amoni c. K2Cr207 e. fluorescein

b. K2Cro 4 d. eosin
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Chuong 10
PHOONG PHAP TAO PHUC

NOI DUNG

1. LY THUYET VE PHUC CHAT

1.1. Binh nghfa phirc chat

Phic chat l1a nhirng hOp chat phan tlr dwoc tao thanh do mot kim loai (nguyén
tlr trung tam) nhu Ag, Cu, Ni, Co, Fe, Hg... n0i v6i cac phdi tl c6 thé la ion am hay
phan tir (NH3, H20, cr, F , CN*,..)).

Nguyén tlr trung tam va phdi t& tao thanh cau ndi phirc va dwgc viét trong dau
[1, cac ion trai dau véi cau ndi phirc goi la cau ngoai phirc viét 6 ngoai dau [].

Vidu: [Ag(NH3)2]ClI

Cau ndi phtrc / cau ngoai phtrc

Cha y: Nhitng chdt nhu FeSoa (NHa4)2So4 .6ii20 hodc KA1(So4)2.12Hz20 la
mudi kép, tuy & dang ran cé thanh phan gidng nhuw phirc chét, nhwng trong dung
dich nwéc phan ly hoan toan thanh nhirng ion don gian;

KALSO 4)2-12H20 ->  + AP + 2S042- + 12H20
Nén khong phai la phirc chat ma la nhirng mudi kép.
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1.2. Phan loai

Phirc chat thwong chia lam 2 loai: phirc chat cdng va ndi phrc.

Phtrc chat cong (lién két phdi tri).

Phtrc chat cong gdm mot nguyén tir trung tam lién két phoi tri voi nhirng ti€u
phan phan cuc.

Vi du: c6 thé phoi tri voi 4 phan tir NHs dé tao thanh ion phic
[Zn(NH3)4]**ma cong thirc khai trién la

2+
NH3

v

NH3- AZ” -NH3 [zZn(NH3)4]*

NHa

Phan t&r NHs lwdng cuc, cwc @m quay vé phia ion kim loai va tao thanh lién két
phdi tri bang 2 electron tuw do 6 I1&p ngoai cling cua nito.

Nguoi ta thdy rang s6 téi da nhirng tiéu phan cd thé gan voi nguyén tir trung
tam goi la s6 pho6i tri cwc dai, s6 phoi tri cwc dai thwong la 2, 4, 6 hoac s. Dién tich
clia ion phirc bang téng dai so cac dién tich (dwong va am) cda ion trung tam va
phéi te.

- Nhirng phtrc chat chi c6 mot ion trung tdm nhu: [AgCNHs)]"™”, [FeFe  duQc

goi phtrc don nhan.

Phtrc cd nhiéu ion trung tdm cung loai nhu [Fe2(OH)2]** [Cus(OH)4Y¥ goi la
phtrc da nhan.

1.2.2. NOi phtrc

Trong ndi phirc, kim loai tao thanh véi phéi t& (thwong la phan t& hiru co) vira
bang lién két phdi tri vira bang lién két chinh.

Thidu: dimetylglioxin tao phic véi niken

OH H3C

\" /

H3C- =NOH N ------ 0] e
\

CH3- Ni. -CH3
H3C- =NOH h O------ N
/
H,c OH
Dimetylglioxin Niken dimetylglyoxinat
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HjC CH3
/
_O O_
CH,— C-CH2-C— CH3 + A HC\ Be /CH
__OI/\ l/\o_
0 Y / \
H3C CH3
Acetylaxeton Beri acetylacetonat

Tl cac cdng thirc clu tao trén cho thay cac hOp chat ndi phirc dwoc dac trung
bang sw ton tai cac cum vong cha yéu la cac vong 5 hodc s canh. Nhirng phic chét
ma phdi tlr chira nhiéu nguyén ti lién két véi ion trung tdm goi la phirc da cang.
Céac ion trung tam (ion kim loai) bi kep chat trong cac vong béi cac phdi t& nhuw
trong “gong kim*“. Do dé phdi tlr tao vdi ion trung tam mot vong kin goi la phtrc
cang cua (Chelat).

Nhitng phttc chat ma phdi t&r chra mot nguyén ti lién két véi ion trung tam
duoc goi la phtrc don cang.

Cac hOp chat ndi phic c6 nhiéu tinh chat dac trung, trong dé cac tinh chat
guan trong nhat 1a; dé bén cao, mau dac trung do tan nhé trong nuwéc, dd dién ly
yéu, do tan 16n trong moét s&' dung mdi hiru co (thude thir Garola voi K.

1.3. Danh phéap

Khi goi tén mot phic chat, dau tién goi tén ph6i t& sau dé goi tén ion
trung tam.

1.3.1. Phtrc l1a ion dwong

Goi tén phoi tir voi dudi 0 va cac tiép dau ngl dé chi s8""phdi t&r nhu sau:

1. Mono 6. Hexa 11. Nodeca
2. Di 7. Hepta 12. Dodeca
3. Tri 8. Octa

4. Tetra 9. Nona

0. Penta 10. Deca

Sau dd goi tén cac nguyén t&r trung tam voi cac dudi dé hoa tri nhuw sau:
Hoatri 1:a Hoatrib5: an
Hoatri 2:0 Hoatris:on
Hoatri 3;1 Hoatri 7:in

Hoatri 4:e Hoatris:en
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Vidu: [Ag(NHs3)2]Cl: diaminoargenta, hodac diamino bac (1) clorua.

(Ghi chi: cling c6 thé goi tén nguyén t& trung tam kem ch 5" La ma viét
trong dau ngoac chi hoa tri cta no).

1.3.2. Phtrc la ion am

Goi tén nhuw phtrc ion duwong nhwng thém dudi ‘at’.

Vidu: [Fe(CN)e™ hexa cyanoferiat hoac hexa cyanato ferat (111)

[Hg(CSN)4}™: tetrasulfo cyano mercuroat

{Ghi cha: cling c6 thé goi theo cach thém dudi at vao tén nguyén tl trung tam
trude khi thém chir s6”La ma chi hoa tri).
1.4. Hang s6 bén cta phtrc chét

Phtrc chat trong dung dich cling phan ly nhu cac mudi don gian, cé phirc chat
phan ly hoan toan, c6 phtc chat phan ly khéng hoan toan, nghia la c¢é phic chat
bén va phtrc chit khong bén. DE biéu thi d bén cta phtrc chat, nguoi ta dung hang
9'bén p.

Xét thi du can bang gitra kim loai (M) véi 3" phdi tri bang 4 clia phdi to
(ligand) (L):

M+ L T ML

Hang s3'can bang cua phan tng:

K  [ML]
[MI[L]
Kla hang s6 bén.
Twong tw can bang gitka M va phdi t&r c6 s6’phdi tri la 2
M +2L i;; MLg

Phan (rng nay c6 2 phan trng trung gian:

M+ L~ ML (10.1)
ML +L ~ MLz (10.2)
Tuwéng ng voi (10.1) va (10.2)
_ [ML] [ML,
" IMIIL] 2 [ML][L

Tich s6 cla Ki va Kz biéu thi hdang s9“can bang téng cong
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B.kk [ML]., [ML2] [MLA]
= ML = [m][L]
Tuong tw nhw vay phan rng gitta M vai phéi tlr A c6 thé viét 6 dang can bang

téng cong:
M +4A H MA4

Dwa vao gia tri hang sé bén cua phirc chat co thé biét duwgc mirc do bén cia
chiing. Hang s6' bén cang 16n phtrc cang bén.
Thidu: Phrc Zn(NHs)4™ dugc tao thanh qua 4 nac nhu sau:

1 + NHa ZnCNHg) 2

+
Zn(NH3)?

Zn?* [NH3]

2.Zn(NHg) +NHs  Zn(NHg)R'

Zn(NHs)?™
Ko =
Zn(NH3f" ‘[NHs]
3. ZnCNHg)* +NH Zn(NHz)in
Zn(NH3)23+
Kg = = 102-31
Zn(NHs)f [NHs]
4. ZNnCNHg)* +NH3 ti Zn(NH3)}
Zn(NHs)*"
K,= = 101-96
'zZn(NH3)2"" [NH3]
Zn* 2NHc Zn(NHs )it
Zn(NHs )"
KiKz2 = N
Zn%* NH. "
KiK2 = P2

P2 dwoc goi la hdng s3'bén téng cong clia 2 phan (rng dau trong 4 phan &ng trén.
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Dé biéu thi do bén cda phtrc chat nguwoi ta ding hang s8'khéng bén, nghich dao
cla hang $3'bén 1/p dugc goi 1a hang 8"khdng bén K hodc hdng 5" phan ly cia
phttc chat, hdang s6 nay cang nhé phic chat cang bén. Nguoi ta con thwdng dung
dai lwong -1gK c6 ky hiéu pK. Dwa vao hang s6 bén cla phttc chat cé thé biét duQt
mirc dd bén hodc khdng bén ctia ching. Hang s6 bén cang 16n phirc cang bén. Thi
du: Phirc FeY- co p = 10 -""\ttec K = 10""25.1) bén hon phirc NiY 2-c6 B= 10
(K= 10

Néu biét hang s6’khong bén ctia phtrc chat ngudi ta cd thé khao sat sw canh
tranh tao phurec.

1.5. Y nghia

1.5.1. Tinh ndng d6 ctia chat tao phirc vaphdi tir trong cac dung dich

Dwa vao hang s3'bén hoic hang sé khong bén clia cac phirc va nong do ban dau
clla phéi tlr va ion trung tam, ta c6 thé tinh dwoc ndng do clhia chat tao phirc va
phoi tir.

Thi du: Tinh ndbng do cla chat tao phic va ph6i tr trong cac dung dich
[Ag(NH3)2]™y [Cu(NHs)af*™» IM va so sanh cac két qud nhan duQc. Cho
V.(NH3W- =

Giai

a) Boi voi [Ag(NHs3)2]"

Néu ky hiéu [Ag'* bang x, theo phwong trinh:

[AGCNHg)] tT Ag" + 2NHs3
c6 thé viét:

Ag(NHs) =1-x ; Ag" =x ; NHs3]= 2x

Thay céac gia tri ndng do cla chat tao phtrc [Ag va clia phéi tir [NH:] vao biéu
thirc hang $3'khong bén:
Ag-][NH.: j x(2xf
Ag{m™)I (x-™) [MNH3)/"

=5,89.10°8

Vi trong dung dich dién ly yéu, [Ag¥Y rat nho so vdi ndng dd cla ion phuc, c6
thé coi gia tri 1- x gan bang 1. Khi d6 ta duQc:

4xr = 589, 10"

243



https://nhathuocnhngocanh.com/

Do dé: x = Ag+] =75,89.10 ~ =2,4.10-~ (mol/lit)

NHz]= 2x = 4,8.10"~ (mol/lit)
b) D6i v6i [Cu(NHz) f ]

[Cu(NH3)1+] t; + 4NH3
Cu(NHs)2+ =l-x ; = x ;[NHs] = 4x
Cu®™ NHc . _ A4 13
=1L k 1=19,33.10"
Cu(NHs &* (1-x)  [Cu(NH3)f

256x® =9,33.10"'™M
Do dé

x = Cu?* =19 33.10"A/256 «8,5.10°® (moul)
[NHg] = 4x - 4x8,5.10“" = 3,4.10“/ (moul)
Khi so sanh cac két qua thu dwoc doéi voi [Ag(NTT3)2] va [Cu(NH3)|'?], cd thé
thady 14 ndng dd cha phtrc chéat trong ca hai dung dich gan bang nhau:
[Agl =2,4. 10“"(mol/1)
[Cu™] = 1,29. 103 (mom)
1.5.2. Sw canh tranh tao phtrc

Xét thi du; néu cho tac dung mudi Zn véi Mg complexonat
MgY~- + Zny~ +
Ta biét rang K khong bén cang nho phtc chat cang bén virng, K y2 =
vay phirc k8m complexonat bén hon Mg complexonat, nén trong

dung dich ton tai phirc Zn complexonat.

1.6. rng dung cta phan (rng tao phirc trong phan tich
1.6.1. Dung cac hQp chatphtrc d€é tao két tla

- C6 nhiéu mudi phtrc khoé tan trong nwoc duOt tao thanh béi cac cation kim
loai nang va cac anion cua nhirng acid phtc. Thi du: tao mudT it tan voi
hexacyanocobaltat (111) NIs[Co(CN)e;2 mau xanh 14 cay.
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- C6 nhiéu ion phtrc c6 dd bén cao, c6 mau dac trueng dung trong phéan tich
dinh tinh va dinh lwong.

Thi du: Nguoi ta phat hién IC bang cach cho tac dung véi Nag[Co(No 3)s] tao
ra phtrc 6 dang tia mau vang Ks[Co(No 3 )e].

binh tinh phan (ng véi Kas[Fe(CN)e] tao két tla mau xanh pho
Fed4[Fe(CN)6I3.

DPé dinh lugng ngwoi ta cho tac dung voi thu6c thir NH4SCN, phtrc
tao thanh c6 mau dé mau, do pho6 hap thu trong ving kha kién.

1.6.2. Dung cac phan (rng tao phirc dé che cac ion can tré

C6 nhiéu trwong hOp nguwoi ta dung phan (rng tao phirc dé che cac ion ngan can
qua trinh phan tich.

Thi du: Trong qua trinh phén tich, c6 thé ngan can sw phat hién céac ion
khac, nguoi ta che bdng cach thém H3PO4, NaF, Na2C204 hodc Na2C4H40e
vao dung dich phan tich, ion sé tao voi cac chat do thanh ion phirc bén virng
khong mau: [Fe(Po4)z2]™~, [FeFe]™, [Fe(C204)3]®~ [Fe(CaH4o06)3)™>~ Khi dé cac anion
phtrc dugc tao thanh bén virng ngay cd khi cho thubc thtr nhay déi voi nhw
NH4SCN ciing khéng tac dung ro rét voi Fe™.

1.6.3. Dungphan (rng tao phirc d€ hoa tan cac két tda

Nguwoi ta dung cac phan rng tao phirc dé hoa tan nhitng két tia khong tan
trong nuwoéc, trong acid va trong kiém. Nhw trwong hOp Ag*™ tac dung véi nhém
halogenid (cr, Br~I~) tao thanh cac mudi bac - halogenid khong tan. Dé tach
AgCI ra khdi cac chat khac, nguoi ta cho vao tia mot lwgng thira NH3, AgCl tao
thanh phirc [Ag(NHs3)2]Cl tan.

1.6.4. DUng phan &ng tao phttrc dé thay doi tinh acid - base cla cac
chat

- Nguwoi ta dung phan rng nay khi muén lam thay déi (tang hay gidm) tinh
acid, tinh base ciia mot hOp chat.

Thi du;

Dé tang tinh acid cla acid boric, nguoi ta thém vao dung dich mét lwgng

glycerin. LUc nay co su lién két anion cua acid boric thanh phirc glyceroborat kém
theo lam yéu lién két cta nd voi hydro. Do d6 acid yéu tré thanh acid manh.
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DPEé tang tinh base clia Ai(o H)3, ngwoi ta thém fluorid vao dung dich Ai(o H)s,

tao phtrc bén [AIFg]™” va OH' duwoc gidi phéng ra, do vay lam tang tinh kiém
clia dung dich.

A1(0 H)3+ 6 F- ~ [AlFe]™' + 3 OH”

Dung phan rng tao phirc dé thay ddi tinh oxy hod - kh clia cac chat

Cé nhiéu truvong hOp do c6 sw tao phirc ma néng do clia cac chat oxy hoa hoac
chia chat khir tang hay giam.

Thidu: 2 +2r i 2 + 12

Chiéu phan Gng t&r trai sang phai. Khi thém F*“ vao dung dich thi mat
kha nang oxy hoa r do tao thanh phuc [FeFe]™, do vay can bang phan (rng chuyén
dich tr phai sang trai.

2. PHUONG PHAP COMPLEXON

2.1. Soluvgc vé cac complexon

Céac hOp chéat hiru -cd 1a dan xuét cta acid aminopolycarboxilic thwong goi la
cac complexon.

- Gomplexon I (Trilon A), 1a acid nitril triacetic (NTA), viét tat |a H3Y

CH2COO0H
N-CH2CO0H
CH2COOH

- Complexon Il (Trilon BS) la acid etylen diamin tetra acetic (EDTA), viét tat
la HaY. Day la acid 4 nac. Trong dung dich cia EDTA c6 thé tén tai cac dang;
HaY, H3Y”? ii2Y"™~, HY?, Y*’ va tuy thudc vao pH cla moi trwong dang nao sé la
chd yéu. pKi=2,0, pK2= 2,73, PKs = 6,24, PKa = 10,34.

HOOCHzC* CH2COOH

3 "-CH2—CH2—N
HOOCH:C \
CH2COOH
EDTA la tinh thé mau trang, tan it trong nwéc, & nhiét do 20 do tan cléia né
chi la 28,3 mg trong 100 ml nwéc. DO tan H .Y tdi thiéu 6 pH 1,6 - 1,8. Khi tang
hay giam nong do ion hydro do tan thay déi (hinh 10.1).

246



https://nhathuocngocanh.com/

Hinh 10.1. Sy phu thudc cta dd tan EDTA (trong 100 ml nwéc) va pH o 20°c

Po tan cao cua H 4Y trong acid vd co duQc giai thich bang sw tao thanh cac
dang trao doi proton H va H gY Sy trao doi proton clia anion Y  va su
phan bd' cac dang trao ddi proton khac nhau phu thudc vao pH duoc biéu thi trong
sd dd (hinh 10.2) va biéu d6 phan bd' (hinh 10.3).

ooc-Cr+ Lo AC-COO*
s U I I~ A
' ' NH— O— o — NH
1 -CNn | |
{ " | X
a
v/
H* | | 2H*
o TT T i-Q Y
=
1] —G
|
ooC— ~ | . a— coo
IAN ---
00C— ¢é I c— coo
HY
/00C— a— coon
NH— C— C— NH H*
NOOC— ' ""e—Q@o-/
2+ HOOC— Hich CH2COOH
111-*. '‘N— CH2-CH2—nC
HOOC— HjC ' CH2COOH
Pon
0_ ______ nH’ y TTTTEET HeY
V -il \ -/
HOA | | n | OH
HAY

Hinh 10.2. So d6 trao ddi proton cda anion Y*
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Hang s6' phan ly acid cha ion H Y bang: pKa1=0,9; pKa. -
pK 3 =20; pK =267; pK,6s5=6,16 va pK, s = 10,26.

i i I I a >
—4-* N N P—— pH

0 1 2 3 4 5 6 7 8 9 10 1 12 13 pH

Hinh 10.3. Biéu dd vung tao thanh nhitng dang khac nhau ctia EDTA

- Complexon I11 (Trilon B) 1a muéi dinatri cia EDTA. Viét tat 1a Nazii2Y

HOOCH:2C CH2COONa
\ /
N-CH2—CH2—N
NaOOCH:2C ACH2C0 0 H

Dihydrat NazTl2Y.2H20 tan twong déi t6t trong nuwdc: 108 g/l & 22°c. Trong
nudc, Nazli2Y phan ly thanh Ne”va Ti2Y~ thanh phan cla dung dich complexon
11 phu thudc vao pH ciing gibng nhuv thanh phan clta dung dich EDTA. Vi vay,
ngoai phan tlr lwong ra tat cd cac tinh chat déi voi complexon Il déu dang véi
complexon 11 va nguoc lai. Nhwng M complexon 111 dé diéu ché duQc dwdi dang
tinh khiét nén hay dung hdn ca.

2.2. Nguyén tac chung

Phuwong phap complexon la phwong phap dinh lwvong dwa vao phan &ng tao
phirc clla cac complexon véi ion kim loai tao thanh cac mudi ndi phic vo cung bén
it phan ly, tan trong nuéc.

Khi chuan d9, cac ion kim loai tao phtrc v6i EDTA xay ra cac phan (*ng trong
dung dich acid:

NagHgY t; 2 Na™ + Hgy™*

M2 (CazN)+ t; MY~ + 2 HA
ti MY* + 2HN

MMTHYY + HaY2- ti MY+ 2HA

Theo cac phuong trinh trén mot ion kim loai bat ky hoa tri déu phan &ng voi
mot phan tir EDTA, ty Ié (1:1) nén trong phudng phap complexon nong doé duong
lvgng bang nong do mol, E = M.
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1 mol cation phan &rng véi EDTA khong phu thudc vao hoa tri cla né lién két
voi 1 mol Na—EDTA.
Tl hinh 3 thdy rang phan (rng xay ra 6 moi truong kiém yéu va trung tinh co
thé viét dudi dang:
M +HY i MY +HA

2.3. Tinh tao phirc cua EDTA
2.3.1. Cochéphan rng

Trong cac nhom complexon twong tac véi ion kim loai tao phirc do hoa tri chinh
la nhém cacboxyl (-COOH), con ion lién két phu la nhém amino béac ba (=N). Muédi
ndi phirc voi EDTA tao thanh, mdt mat, do sy thé cac nguyén t& hydro hoat dong
clia nhom cacboxyl bang ion kim loai tao phtrc, @ day EDTA két hOp vai ion kim
loai tao phirc bang hoa tri clinh, mat khac do sy twdng tac vdi nguyén ti nito co
kha& nang tao lién két phu (phdi tri) vai ion kim loai tao phtrc.

Hinh 10.4. C&u trdc cua phtrc kim loai véi EDTA
Phan (rng tao phic gitta EDTA vai ion kim loai ¢ thé biéu dién bang phudng
trinh chung:
+ Hay~ +2HN G pH = 4-7 6
+ HY™M 0T dpH=7-> 10
Ta thay trong cac phan &ng ludn giai phéng ra ma & méi trwdng acid manh
pH < 3, EDTA tao thanh cac phtrc kim loai kém bén. Do d6 dé trung hoa né nguoi
ta thuwong cho dung dich dém (NH4OH/NH4Cl) & pH = 8-> 9. N&i chung phan ng
tao phirc cang thuan lgi khi moi treong cang kiém. Nhwng c6 khi nguoi ta duy tri
mdi tredng acid doi voi Fen, dé tranh thuy phan, ion tré ngai.
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2.3.2. B0 bén virng cua cac complexonat

Trong trwvong hop khdng bi &nh hwong bdi cac quéa trinh khac, phan &rng tao
phirc dugc viét gon lai:

Hang s6 bén: Kivnr = .
[M”+]x[Y -]

Trong bang (10.1) tri 8" Kmy v&i mot s6'ion Kim loai nhw sau:

IgKMY = 7,76, IgKMY Pb'-~ = 18,04, IgKMY =10,70, IgKMY = 8,70

Ta c6 nhan xét sau:

Céac coinplexonat clia mot s6' kim loai bén virng dén mic c6 thé dung
complexon dé hoa tan cac tlia khé tan nhu: BaSos, PbSo4, CaCz2o4,...

Hang s3'tao phirc cang 16n phirc cang bén virng, do do cé thé xay ra phan (ng

canh txanh tao phtrc. Vi du thém Mg- complexonat vao dung dich thi:
+ MgY™" ig CaY”™- +
Vi IgkMY = 10,7 > IgKMY Mg2+ = 8,7
Hoac néu thém complexon vao dung dich chra va My™ thi sé tao
phtrc truoc.

Bang 10.1. Hang s6 bén cla phtrc kim loai v&i EDTA
(gia tri hang s& nay 6 nhiét do 20°c va lwc ion 0,1)

Cation Kmy lgKmy Cation Kny IgKmy
Ag* 2,1.10" 7,32 Cu™ 6,3. 10® 18,80

4,9. 10" 8,69 3,2. 10® 16,50

Ca™ 5.0. 10°° 10,70 2.9. 10® 16,46

4,3. 0> 8,63 6.3. 10" 21,80

5,8. 10 7,76 1.1.10'® 18,04

Mn'"* 6.2. 10> 13,79 AP" 1,3. 10® 16,13

Fe 2,1. 107 14,33 1.3. 10® 25,10

2,0.10® 16,31 V3. 7,9. 105 25,90

4.2. 10® 18,62 1,6. 103 23,20

Hang s6'bén ctia cac complexonat clia cac ion kim loai khac nhau, nhiéu khi sw
khac nhau rat Ién. Diéu nay cho phép cé thé chudn dd mot sd' ion kim loai trong
cung mot dung dich bang phuwong phap complexon. Trén hinh 10.8 cho thay rédng 6
gia tri pH t01 thiéu c6 thé ad'dinh duOc diém két thic chuan do cla cac cation khac
nhau, cac kim loai ndng hod tri 2 c¢6 thé chuan d6 & moi trwong acid yéu con ion

& mdi truong acid manh.
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2.4. Anh hwdng cta pH dén can bang tao phtc. Hang sé can bang diéu
kién (biéu kién)

Ngudi ta khao sat can bang tao phtrc cta ion kim loai voi EDTA thay
rang mirc do tao phirc phu thudc vao pH cia dung dich. Khi chudn do cation tao
phtrc kém bén (thi du C¥™ va yéu cau moi trong kiém. Nguwoc lai, chuan do
cation tao phtrc bén hon (kém hay niken) c6 thé tién hanh trong moi trwong acid.
Nguoi ta thdy rang sy phu thudc vao pH khi chudn do bang dung dich EDTA
thuong ti€n hanh trong dung dich dém c6 pH cd dinh. Sy ¢6 dinh pH cho phép tinh
dugc cac s6 ¢ y nghia.

Pé xay dwng duwong cong chuan do cta ion kim loai véi EDTA trong dung dich
dém, nguoi ta dung ky hiéu tts

Q= (10.3)
C: ndng do chung khong tao phtrc cia EDTA, bang téng ndng do can bang cla
tat ca cac dang EDTA.
c = [YAl + [HYN + [HaY”™ + [HgYI + [H.Y]
04: Ky hiéu phan cua cac tac nhan khong tao phirc ton tai 6 dang
Nguoi ta con thdy rang tts chi phu thudc vao pH va hang sb' phan ly cla
EDTAKI, k2 ,k3, k4.

Pét tt4, ¢ vao chd Y™ phuwong trinh (10.3) vao biéu thirc clia hang so"'bén

K: K: K; K.
3
K, T HKiKe +Ki KgKc FK: K: K K
(10.4)
K: K; K; K.

D
K MrH' ra-
biéu thirc mai sé la:

MYn-4+

KMY = aukmy =

n+

K la hang s6 bén diéu kién (hay biéu kién) biéu thi can bang chi trong gia

tri pH d6 dé tinh duoc gia tri
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Bang 10.2. CAc gia tri a4 dbi véi EDTA trong dung dich 6 cac pH khac nhau

pH «a pH «a
2.0 3,7. 10" 7.0 4,8. 10
3.0 2,5. 10N 8,0 54. 10"
4.0 3,6. 10® 90 52. 102
5.0 35. 10 10,0 3,5 10~
6.0 22.10N 11.0 8.5. 10"

12,0 9,8. 10~

Hang so' bén diéu kién cho phép tinh toan dé dang néng do can bang cla ion
kim loai va phtrc trong bat ky diém nao cla dwong cong chuan dd, ngwoi ta thay
rang biéu thirc cho hang s6' bén diéu kién khac biéu thirc cho hang s3"bén duoc st
dung sém chi khi nao ndng do can bang phan ly hoan toan ctia anion [¥*] thay thé
vao gia tri ¢ (néng dd chung cta EDTA). Bay la diéu rat quan trong vi ¢ xac dinh
tlr phép ty lvong ctia phan (ng dé dang hon la [y*!. n

Trén hinh (10.5) biéu thi s phu thudc logarit clia hang $3"bén diéu kién cla
phirc dbi véi mot 3" kim loai vao pH cla dung dich, anh huwdng ctia pH Ién dai
lwvong o4 (nhanh bén trai ciia dwong cong), sv tao thanh hydroxocomplexonat va
phirc complexon v&i NHg nghta la do su tang tta (nhanh bén phai cta dwdng cong).

Hinh 10.5. Sy phu thuéc h&ng s6 bén diéu kién cla mot sé phirc vao pH
(tdng nong do [NH3] + [NH4"] = 1,0M)
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2.5.Bbuong biéu dién chuan do

Xay dwng dwong cong chudn do 50,0ml dung dich 0,0100M bang dung
dich EDTA O.0I00OM trong dung dich dém pH 10,00.

1. Tinh hang s6 bén diéu kién: cac gia tri a”.

KcaY laV tir badng (10.1) cho két qua nhu sau;

K’caY = «.-KcaY = 0,35 x 5. 10 = 1,75, 10™°

2. Tinh pCa trudc diém twong dwong: Trwéc diém twong dwong ndng dd chung

cua bang t6ng ndng dd thira chwa chudn do cda ion vi ion tao ra boi
sty phan ly ctia phtrc. Nong do phirc sé bang ndng do chung ctia EDTA ¢ nghia la
c. CO thé cho rang gia tri ¢ nhé hon so v&i ndng do ion khong tao phtrc. Vi

vay, thi du sau khi cho 25,00ml (50%) dung dich chuan d.

24 50,00 x 0,0100 - 25,00 x 0,0100
Ca +C W

3,33.10 ~iongam/lit
50,00 + 25,00

pCa = 2,48
- Khi thém 45 ml (90%) dung dich chuan do:
50,00 x 0,0100 - 45,00 x 0,0100

Ca%* +c w5,26.10 iongam/lit
50,00 + 45,00
pCa = 3,28
- Khi thém 49,5 ml (99%0) dung dich chuan do:
Ca* 50,00 x 0,0100 - 49,50 x 0,0100
50,00 + 49,50
pCa = 4,30

3-Tinh pCa 6 diém twong duong; & thoi diém nay ndng déCay~" trong dung
dich bang 0.0050M va su phan ly ctia phtc nay la ngudn duy nhétsinh ra ion
Ca™. Nong do ion sé bang néng dd chung khong tao phirc EDTA:

= Cedta
[CaY~l = 0,0050M - [ « 0.0050M
Gia tri hang s6'bén diéu kién tao thanh CaY~* & pH 10,00:

Cay~-'
=1,75.10%°
Cedta

Sau khi thay s6 ta cé:
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=1.75.10"»
Ca’*

ca®* =5,35.10 ~iongam/lit

pCa =6,27
4. Tinh pCa sau diém twong duong: Sau diém twong dwong, ndng do chung
CaY” va EDTA dé dang tinh. Thi du:
- Sau khi cho dv 1 %dung dich chuan dé (51 ml):

CaY*- 101

1,00X0,0100
101

LAy gia tri gan dung, cé thé viét:

[CaY~l =4,95. 10“- [Ca™M « 4,95, 10“"M

“EDTA = 9,90.10"~M

Cedta = 9.90- 10" + [Ca™ « 9,90. 10'®M
4,95.10-"

_ =1,75.10%0
N CaY = )
T ca?t x9,90.10°°
= 2,86 .10 "®ion gam/lit
pCa = 8,54

- Sau khi cho dv 10% dung dich chuan dé (60,00 ml):

c _:52i22{1’6 4 ,5 5 .io-3m

CaY'

10,00X0,0100

"EDTA - 110

LAy gia tri gan dung, cd thé viét:
[CaY™l = 4,55, 10" - [Canl « 4,55. 10""M
Cedta = 9.10- 10“~A+ [Ca”l * 9>10. 10'AM

4,55.10°3
K'cay - ) =1,75.10%
Ca®* x9,10.107*

Ca’* =2,86.10 ion gam/lit
pCa = 9,54
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Trén hinh (10.6) mé ta dwong cong chuan do cla ion

trong dung dich dém

V0i cac gia tri khac nhau cta pH. Tir day nhan xét rang pCa cé sw thay ddi ro rang

chiépH>s.

Bang 10.3. Chuén dd 50 ml

% EDTA thém vao
0
50
90
99
100
101

110

12

10

10

pCa
2,00
2,48
3,28
4,30
6,27
8,54

9,54

20 30

0,0100 M bing dung dich EDTA 0,0100 M

Ghi chu

bTb

pH =12

pHE 10

pH =38

1
o

pH

40 50 60

V ml EDTA

Hinh 10.6. Anh huéng cltia pH dén chuén d6 cta dung dich Ca  0,0100 M
bang dung dich EDTA 0.0100M
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Thé tich 0,0100 MEDTA, ml

Hinh 10.7. Bwong cong chuan dd 50,0 ml 0,0100 M cac dung dich cation & pH 6,0

10 12 14

pH
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Trén hinh 10.7 cho thdy rang khi chudn dd cac cation tao phtrc bén (c6 hang s6
tao phirc I6n) diém két thic chuan do thay ré ngay ca & dung dich acid.

Pubng cong trén hinh 10.8 cho thay rang & gia tri pH tdi thiéu nao do co thé c6
dinh diém két thdc chuan do cla céac cation khac nhau khi khéng cé chat canh
tranh tao phtrc.

2.6. Cac phwong phap phat hién diém két thac chuan do

Trong chuan do tao phurc, diém két thdc chuan dé cé thé phat hién nho sy nhin
thdy bang mét cling nhw st d\mg cac phwong phap phan tich dung cu. Su lva chon
phuong phap phu thudc vao cac yéu t35 thi du nhv yéu cau xac dinh chinh xac va
chon loc, chudn dé dung dich duc va c6 mau, chudn do trong moi treong hon hOp
phtrc tap.

Trong phuwong phap nhiii bang mat, xac dinh diém két thic bang cach st dung
chi thi kim loai. Chi thi kim loai la chi thi lam thay d6i mau phu thudc vao nong
dd ion kim loai. Chi thi kim loai thuwdng la hOp chat hitu co, tac dung vdi ion kim
loai chuan do tao mau cda phtre. Chi thi kim loai chia thanh hai nhém:

Nhém 1: Chi thi twv néd khéng c6 mau, nhwng tac dung voi ion kim loai tao mau
clia phirc ¢ mau. Thi du khi chudn do phtc sat 11, chi thi dung thwong la acid
salicylic hay sunfosalicylic. Phirc clia sat 111 véi acis salicylic (ty I& phan t&r 1:1) co
mau do. Cuong do mau cla phirc thwong khong cao, vi vay dé nhan thay ré mau
clia phirc, ndng do chi thi can Ién hon gap 10 1an ndng do ion kim loai chuan do.

Nhém 2: Trong loai nay. chi thi kim loai la cac hOp chat hitu co, trong phan t
c6 nhdm mang mau (chromophor), tac dung véi ion kim loai tao hOp chat ndi phtrc,
c6 mau khac voi mau cda chi thi lic ban dau. Chi thi nay goi la chi thi kim loai
chrom. Nguoi ta chia chi thi nay lam 3 nhém

Chi thi ¢c6 nhom chttc azo N = N-. Pién hinh la den eriocrom T.

Chi thi xép trong nhém triphenylmetanic. Thi du kxilen da cam

Chi thi bén vitrng. Trong nhom nay c6 murexit, dithizon, alizarin....
2.6.1. Yéu cau doi voi chi thi

Chi thi kim loai can phai c6 khoang pH lwa chon, tac dung véi ion kim loai tao ra
phirc bén v6i ty 18 M: Ind = 1: 1. Hang s0' bén diéu kién cla chat chi thi phai nhé hdn
hang s6'bén diéu kién ctia phic kim loai véi EDTA, nghia la 10 < KMY/KMnd”™ 100

Trong truong hOp mudh dat gia tri 16n, hdang s6' bén cta phirc MInd cho phép
str dung ty 1€ khong I6n cta ndng do chi thi va kim loai

Cind <0.01
Cm

twong (rng v6i s giam sai s6 chuan do
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- Phtrc cta ion kim loai v6i chi thi can khéng bén ya phan hay nhanh duoéi tac
dung cla EDTA. Nguoi ta cho rang trong chudn do tao phtrc cd thé dung chi thi
kim loai dé chu ky ntra trao ddi phéi tir trong phtrc Mind bang Tii <10 giay.

- Sw thay déi mau cla dung dich & diém két thic chuan d6 can phai twong
phan véi mau ban dau, phu hOp véi thuyét vé mau, giéi han mau, nghia la mau
ban dau (mau cta chi thi voi ion kim loai - MInd) va mau cudi (mau cua chi thi -
Ind) can c6 kha nang bd khuyét. B6 khuyét 1an nhau cho dén mau trang. Mau b6
khuyét thi du nhu; dé - xanh la cay; cam - xanh; vang - xanh; vang - tim,... Mau
cla chi thi thay déi tr mot mau bd khuyét sang mau khéac, & diém trung gian nay
tro nén khong mau (hay sam mau) bai vi lic nay anh ctia mau bi hat 1an nhau
(hdp phu lIan nhau). Vi vay & thoi diém nay dac biét dé nhin thay.

- Pa s0'truong hdp ion kim loai va chi thi tao chi mét phirc voéi ty 1é 1:1, khi do
héng s6 bén diéu kién cha phtrc nay vai cach tinh can bang cla chi thi c6 thé viét:

MIind
Mind

. Mind
Tw biéu thtrc nay suy ra: [M [Mind]

Mind] 1 10
lic d6 dé gi¢i han khoang chuyén mau:
pM = IgK'Mind = 1

Pé danh gia khoang d6i mau cuda chi thi cd thé cho phép mat ngwoi quan sat
st thay déi mau trong nhirng ndng do twong ng.

Nhu vay, khoang thay d6i mau cta chi thi trén thang pM dwoc xac dinh bang
hdng s6 bén diéu kién cta phtrc Mliid. Trong su thay déi ciia hdang s6 nay khoang
chuyén rong téi 2 ddn vl. pM di chuyén trén thang pM lic & hwdéng nay hay &
hwéng khac. Bdi K*ind phu thudc vao pH cla dung dich. S thay déi pH gay ra sw
dich chuyén cta khoadng thay déi. Ngoai ra, néu cac dang chi thi HInd khac nhau
theo mau, lic dé khoang chuyén mau trén thang pM khong chi phu thudc vao pH
ma con ¢6 ca s doi mau clia dung dich chuan do.

Thi du: Pen eriocrom T véi ion kim loai va mot sd' ion khéac
tao phtrc mau dé hay mau tim. Khao sat sw phu thudc cta chi thi doi voi pH dé cé

258



https://nhathuocnhngocanh.com/

thé phan biét sy thay doi mau cua chi thi. Thi du chi thi den eriocrom T ddi mau:
phtrc chia kim loai véi chi thi trong viung pH < s sw d6i mau cla dung dich khi
chuén dd sé kho nhan thay. Trong thoi gian nay pH thay déi tir 7 - 11 sé doi mau
tlr dé sang xanh, khi pH > 12 tlr dé sang cam.

HL“ ~ 3
bé Xanh Vang cam
pH 0-6,3 (6,3-11.2) (>11.2)

Truong hOp phire tap hon do la sy tac dung qua lai cia murexit (Hslnd) véi ion
kim loai. Sw phu thudc vao pH ctia murexid véi ion kim loai c6 thé tao thanh phirc
trao doi proton clia thanh phan MH,Ind, véi | c6 thé la 2,3 va 4. Thi du: khi chuan
doion Ca (hinh 10.9) dang chi thi khong lién két véi ion kim loai Halnd~ (d6- tim
pH<9), HsInd  (tim. pH 9.2 - 11) va H2Ind  (xanh - tim, pH >11), khi & can
bang voi phirc CaH~Ind  (vang- cam, Ig p'=2,6), CaH zInd (d6 - cam, Ig P'= 3,6), va
CaHolnd ~ (do, Ig |3'=5,0). Phu hgp véi hinh 10.9 sy thay déi dot ngdt mau cla dung
dich nhan thdy 6 pH > 10. Trong nhi*tng trudng hOp nay khi pCa > 3,5 mau chuyéri
tlr d6 sang xanh tim.

pCa

Hinh 10.9. Gian d6 phan bd doi véi dung dich murexid khi c6 ion calci
1- H.Ind", d6- tim;  4- CaH .Ind ~ vang- cam;
2- Hjind tim; 5- CaH alnd, do6 - cam;
3- H2nd xanh - tim; 6- CaH2Anddo.
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2.6.2. Cac chi thi kim loai

2.6.2.1.Coché
Cac chi thi kim loai la cac chat hiru co c6 kha nang tao phirc mau véi ion kim
loai. Cac phirc nay kém bén hon phirc clia ion kim loai vdi complexon. Mau cla chi
thi khi tao phtrc v6i ion kim loai khac véi mau cla chi thi é dang tv do. Gan diém
twong duong complexon ldy kim loai & chi thi giai phéng chi thi ra dang ty do nén
dung dich thay déi mau, béo cho ta biét két thuc dinh luvgng.
Thidu: dinh luvgng v@i chi thi murexid, pH=9-11
CaV'" + A CaHgr + 21t
(B4 tim) (3)]
Khi nhé complexon xuéng:
G+ HY™- tT CaYh~ +
Gan diém twong dwong cé sy canh tranh tao phtrc
CaHal"" + HY™" CaY”™ + Hgl
bo Tim
Céc diéu kién doi voi chat chi thi kim loai
Phan rng tao phtrc véi ion kim loai la phdn ¢¢ng thuannghich vamau cula
dang tv do phai khac véi mau cta dangphuc

Khéng mau Mau 1 Mau 2
Caz++ Hgl™- CaHF + 247
Khéng mau tim' Hong dd

Phtrc ctia chi thi v6i kim loai phai kém bén hon phic cia complexon véi kim loai.

Mind +Ind"’-
2CaH2r + 2H2Y2- t;, 2Cay2- + 2H312- + 2H"
Hong do Tim, pH=9711

Thuong cac chi thi kim loai dong thoi cling la acid da chirc, nén mau cla chi
thi thay ddi theo pH cta dung dich, khi sir dung ta phai od'dinh pH cta dung dich
bang cac hé dém thich hOp dé phan (rng xay ra nhanh, hoantoan va maucta chi
thi tv do khac véi mau caa phtrc.

Hang s8’tao phirc clia cac chi thi nhw den eriocrom T, murexid véi mot sb' ion
kim loai duoc trinh bay & bang 10.4; 10.5.
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Bang 10.4. Hang s tao phtrc (Ig Kiviind) ctia NET

M™ Hang s6 Ig Knio

Ig kmy
Bat BaL 3.0 7,76
CaL 54 10,7
Mg~ MgLV.O 8,70
MnL9.6 MnLj 17,6 13,79
ZnL 129 ZnLj 20,0 . 16,5

Bang 10.5. Hang s6 tao phtrc (Ig Kiviind) cia Murexid
Hang s6 1g KNnd Ig Kmy
ca" CalL 5.0: CaHL 14,5; CaH"L 22,7 10,7
cu™ CuH;L 251 18,80
NP" NiH,L 24.1 18,62

Nguoi ta cd thé tinh Ming chuyén mau cla chi thi dwa vao hang s6 tao phtc
clia cac chi thi voi ion kim loai.
Thi du: Tinh khodng chuyén mau cla den eriocrom T & pH = 10 khi chuan d
Néu IgKivjind= 7,0; =3,1. 10" andla ham tao phitrc phu cua chi thi.
Ta biét khoang gi¢i han mau cua chi thi la:
pM = IlgKMInd =1

= lg Kmind-Ctmd- Ig 10~- 3,1. 10 ~= 5,5

Nhw vay, 6 pH = 10 khi chuan do My mau cla chi thi thay déi trong khoang:

pMg = 5,5 * 1; tirc la trong khoadng 4,5 - 6,5. Qua khéo sat dwong cong chuan
do cua bwéc nhay trén duong cong chuan do voi sai s6 1%]1a 4 - 5,8) vi vay ¢d
thé dung chi thi den eriocrom T trong chuan do nay.

V@i cach tinh twong tw khi chudn do voi chi thi nay (Kivjind - 5,4) ta cé
pCa = 3,9 + 1; tlrc la khodng chuyén mau cla den eriocrom T la 2,9 - 4,9, buwéc
nhay trén dwong cong chuan doé da khao sat la 4,3 - 8,54 nén dung den eriocrom T
cho chuén do s& mac sai s I6n.

Chi thi murexid thvong dung cho chuan do & pH >10, tinh twong tv nhw
chi thi den eriocrom T, ta ¢c6 khodng chuyén mau pCa = 6,1 + 1; tlc la khodng
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chuyén mau cta murexid la 51 - 7,1, buéc nhay trén duong cong chuan do da
khao sat la 4,3 —8,54 nén c6 thé dung murexid cho chuan dé Ca™

Céac chi thi thvong dung

Pen eriocrom T (NET) C20H1307N3S. Ky hiéu Hslin

OH

OH
O7S- -N=N

—

NO-
Chi thi nay la mot acid ba nac, ndc mot phan ly kha manh (nhém HSO3). Sy
phan ly nac hai va nac ba nhuv sau:
Haln* iT +HIL2- 2HN +
bo Xanh Vang cam
& pH = 7-> 10 chi thi ¢c6 mau xanh (HIn™) va tao phtc voi G Mg™
c6 mau do vang.

Murexid (amoni purpurat) CsHgo eNsH20. Ky hiéu HaF

H o o H
g A
/ a\\C N - /7 NH/
v CNEe S
N—cC_ C-N
1
H o H
Miirexid phan ly nhw sau
iiA- ~ + H3I2- i 2HAN +
Do tim Tim Xanh
& pH = 9->II. Murexid c6 mau tim (Hgl"”) va tao phtc véi cé mau do

(CaHaO.

Murexid va Ben eriocrom T déu kém bén trong dung dich nén thudong khoéng
pha dung dich sdn ma dung & dang rén (nghién tron voi NacCl).
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Kxiieri da cam. Kxilen da cam la chat mau hiru co day triphenylmetanic.
Chat chi thi c6 mau vang. Trong moi trwdong acid & pH nhé hon 7, né da tao véi cac
ion kim loai Th(1V), Zr(1V) v.v.. phirc chat mau dé. Cac cation duwoc xac dinh
bang chudn do EDTA voi chi thi kxilen da cam la Fe™(pH = 1-1,5), Zr'“"(pH = 1-2),

= 2-3,5), Zir"CpH =5-6)...

Kxilen da cam la 3,3- bi [ di(cacboximetyl) - aminometyl]- o-krenzolsunfophtalein:

HOOCHAC CH2COOH

N— CH-, HC ]{|

HOOCH;C
HO | CH2COOH

,SosH

Crom xanh den acid. Crom xanh den acid la chat mau azo hitu co:

Cl OH
NHCOCH3

SOsNa
Chét chi thi c6 mau xanh. Trong méi trwvong kiém noé tao v6i cac cation kim
loai phttc chdt mau dé nho. Nguwoi ta ding né khi chudn do bang cac dung dich
complexcon cac cation kém, cadmi (pH = 9-10), mangan (pH= 10), magnesi
(pH = 10-11), calci (pH > 12), ...
PAN

PAN la tén tat cta I-(2-piridinazo) naphtol-2 c6 cong thirc cdu tao la:
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som hon diém twong dwong thi ndng dé chung cta ion kim loai sau khi loai bd
trong phirc MY™* “\oang: CM= ¢ QM(1“0 Cly

Gia thiét rang [MY] = ¢ omrsuy ra: c'y = ,
Kjry XCm

Sau khi dat gia txi Cy va bién doi ta co:

AO.M XK JNY
Sai s6 chuén do biéu thi bang phan tram %
%ss =(1 - 0 X 100
Néu nhu diém két thic chuan do dén sau diém twong dwong Cow “ Cgy> ndng
@6 chung ctia phan khéng tao phirc EDTA tinh theo cong thirc:
Cy om - 1D+C’m
or g C s P s arbn . ia L A MY] X
bat gia tri C’y vao biéu thirc cua hang s6' bén diéu kién: K =— va
Cm x C'y
tinh rang [MY]=com> sau khi bién ddi c6 %ss =(f-1) X100 =
1 C’
CmKmy CoM

x 100

2/, Céc k§ thuat chudn do bang dung dich EDTA

Chuén do thang (chudn dd truc tiép)

Phan 16n cé4c ion kim loai (khodng 30) c6 thé chuin dd thdng bang dung dich
EDTA Vi sw c6 mét cha chi thi kim loai. Khi logarit ctia hdang s3'bén diéu kién.

Alg K’ = IgK"'j|™M Y ~ Y khéc nhau trong khoang 4 don vi, c6 thé lién tiép

xac dinh vai nguyén té trong dung dich. Trong truong hOp nay can thiét st dung
hai chi thi kim loai cho mdi mdt ion ctia minh. Thuc té day la diéu kién kho thuc
hién vi sw khac nhau mét it hiéu &*rng mau (hai chi thi kim loai va hai phic voéi
ching), vi vay tinh chon loc clia chudn dd complexon ting bang cach tach ra hay
che cac chét can tré. Phuwong phap don gidn che la thwc hién trong su thiét 1ap tinh
acid twong ng ctia dung dich chuan do. Thi du ThA'chuan doé trong moi
truong acid pH = 2, ion 2 dién tich & diéu kién nay thwc té khong can tré. Trén
hinh 10.8 chi*ng minh rang trong gia tri pH t6i thiéu c6 thé dé dang chuén do cac
ion kim loai.
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Phwong phap che bédng cach tao phirc véi cac chit tao phirc la duOc str dung
rong rai. Trong nhom nay thi du nhu cac ion florid, pirophotphat, citrat,
triethanolamin... Phuong phap che cé thé thay doi miéc do oxy hoa clia nguyén td
xac dinh hay nguyén t6'can tré. Mot s6'thi du trinh bay 6 bang 10. 3.

Bang 10.3. Phuwong phéap che nho cac chat
tao phirc khi chudn dd mot sé ion kim loai bang dung dich EDTA

lon kim loai Chi thi kim loai Chat che lon khéng can tr& xac dinh
xac dinh
Zn (1) Cd(I 1-(2-Piridinazo)- Fluorid ion, pH 5-6  Ca(ll), Mg(ll), Mn(ll),
naphtol-2 Fe(ll), Sn(IV), Th IV)
Pb (I1) 4-(2-Piridinazo)- Triethanolamin, Cu(ll), Ni(ll), Co(ll), zn(ln, Ccd(l.
resorcin cyanid, tartrat ion, Al(llN, Fe(ll), Bi{lli). SnéV)
pH 10
Mo (V1) 1-(2- Piridinazo)- Tartrat,fluorid ion, Ti(IV), La(lll), Ce(lll),
naphtol-2 pH 4-5 Th(v), Al(Il).

2.8.2. Chuéan db nguoc

Dwa trén nguyén tac cho mot lwong dw EDTA va sau do xac dinh lwong du,
thuc hién trong nhirng trudng hOp khi phan rng tao phirc véi EDTA x4y ra cham
hay khong cé chi thi thich hOp dé xac dinh diém két thdc. Thi du phtc cla
dong hoc tro, do dé phic véi EDTA duoc tao thanh rat cham. Sau khi cho luvgng
thira EDTA va dun néng dé crom két hOp hoan toan thanh complexonat. Tién
hanh chudn do dv EDTA & gia tri t6i thiéu pH (pH: 1,5 —) bang dung dich chuén
Fe (11) ma khéng can chia y rang phic FeY~ bén hon phitc CrY~ mot bac. Phan
tPng trao doi CrY™ + M -> RN + Xady ra sau thoi gian, can thiét dér voi
chuan do, thuc té khdng xay ra.

Phuwong phap chuan dé nguoc tién lgi hon khi xac dinh cac ion kim loai c6 mat
cac anion ma né tao voi ion kim loai can xac ding la hOp chat it tan. Thi du nhu c6
thé xac dinh khi c6 sy hién dién cia SO|~; xac dinh khi c6 ion Poa4~
EDTA ngan can sy tao tla. Lwa chon ion kim loai d6i véi chuan do thira EDTA
trong phuwong phap chuan dé nguoc cha y hai diéu kién; hai ion nay can tao phuc
ch&t c6 mau voi chi thi kim loai; hang s6’bén diéu kién cta phirc véi EDTA cén
phai thdp hon cta phirc EDTA voi ion can xac dinh, nhung khong duoc thap hon

K’ = 1&% Lj1 trh

266



https://nhathuocnhngocanh.com/

2.8.3. Chuan do gian tiép

Phwdng phap nay dung dé xac dinh cac nguyén t6' anion khéng tao phirc voi
EDTA. Khi xac dinh cac anion nhw sunfit, sunfat, phosphat... Tao tla chdng bang
lvong dv dung dich chuan ctia mét ion kim loai nao dé, ta duwoc tach ra va trong
dich loc chuén do bang dung dich EDTA, lwgng thira cta ion kim loai, khdng tao
tla voi ion can xac dinh (anion). C6 thé ti€én hanh sy xac dinh cac ion theo lwong
thita ctia ion khac, ma xac dinh bang chudn do tao phtc sau khi hoa tan tta vao
nhitng ion xac dinh va chuén do vao thanh phan dé & mot lvong tinh thich hOp.

Thidu: Binh lvgng SO4™ . két tha anion bang mot thubc thir chira cation thich
hOp: cho du BaClo

+ SOI* ~ BaSOA

Sau do6 dinh luvgng cation con lai trong nwéc loc, nwéc rira, hoac loc rira tla roi
hoa tan tha trong EDTA du, dinh lvgng EDTA con lai bang MgSo4 hodc ZnSo 4 -
2.8.4. Chuan do thé

Duva trén phan rng ma trong do ion can xac dinh cta kim loai Ml "~thay thé
ion ctia kim loai M2""*ma né kém bén hon phtrc véi EDTA

lon thay thé cua kim loai vé lugng twong duong (dwong luong) voi MI
chuén dd bang dung dich EDTA v6i st ¢ mét cla chi thi kim loai thich hOp.

Thi du: Duva trén co sé tao phirc v6i complexon phic chat kém bén
(PK = 8,7) so voi da s6 cac cation khac pK = 10,7). D€ dinh lwvgng GM™ ta
thém MgY”~ vao dung dich rdi chuan do bi ddy ra bang dung dich chuén
EDTA

= Mgy~ Cay™' +
+ HYA- t7 MgY™" +
Thira
T suy ra c6 trong mau.

2.9. Dung dich chuén dung trong phuvong phap complexon
2.9.1. Pha dung dich chuan complexon 111
-Trvong hOp c6 complexon tinh khiét hod hoc: can moét lwgng chinh xac

complexon, pha trong nwéc voi thé tich xac dinh.
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- Truong hOp khdng cé complexon tinh khiét, pha dung dich c6é ndng dd xap xi,
sau dd xac dinh lai néng do.

2.9.2. Xéac dinh néng dé complexon 111

Dé xac dinh ndng do complexon nguwoi ta dung calci cacbonat tinh khiét hoa
hoc, ZnO tinh khiét hoa hoc hay MgO tinh khiét hoa hoc. Hoa tan moét lwgng can
chinh xac da tinh tru6c ctia cac chat dé trong mot it acid (néu la CaCOa, MgO hoa
trong HCI tinh khiét, néu la ZnO hoa trong H2SO4 tinh khiét), sau d6 cho nuwéc
dén thé tich xac.dinh. Chudn do dung dich complexon bang cac dung dich vira pha
nhu CaClz2, MgCl2, ZnSO4 voi céc chi thi thich hOp.

2.10. *ng dung cua phwong phap complexon
2.10.1. Binh lvgng

Phuong phap complexon xac dinh calci dwa trén phwong phap chuan do truc
tiép cac ion cta n6 bang dung dich chdn EDTA v6i chét chi thi murexit hay crom
xanh den acid. Chét chi thi tao voi ion calci phtic chdt mau dd. Khi chuén dd bang
EDTA, ¢ diém twong dwong mau doé chuyén sang mau dac trung cia chat chi thi tw
do.

Khi chuén do mudi calci bang EDTA, xay ra su tao phitc CaY va acid:

Ca +H2Y CaY 2-+ 2

Phtrc tao thanh CaY  twong d6i khéng bén:

[CaY”™-]
Binh Iwvgng calci tién hanh & modi trwong kiém manh pH > 11
2.10.2. Xac dinh dé crng cla nuwoc

Do cirng clia nwde dugc biéu thi bang s6' mili dwong lwgng gam canxi va magne
trong 1 lit nuéc.

D6 clrng toan phan cta nuwéc la tong mudi calci va magnesi tan trong nwéc. Co
thé xac dinh do cirng toan phan bang complexon 111 v&i chi thi den eriocrom T.

Ldy mau nwéc can dinh lwong, cho thém chi thi den eriocrom T & pH =10 chi

thi sé tdo phirc mau dd vang véi mot phan trong mau. Khi nhé EDTA vao
EDTA sé phan &rng véi Ca™ ty do, sau do voi tw do (vi phirc CaY”™“ bén hon
phirc MgY” ), dén diém twong duong EDTA sé pha phic cha chi thi véi gidi

phong ra chi thi tw do c6 mau xanh.
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2.10.3. Binh lwvgng Fe™*

Trong moi trwong acid (pH: 2 - 3). EDTA tac dung voi tao phtrc c6 mau
vang nhat Feir. Néu dung chi thi 1a acid salicylic hay acid sulfosalicylic OpH d6
né tac dung voi Fe” tao thanh phic c6 mau tim dd. Trong diéu kién nay A

va khong can trd viéc xac dinh F™ Tai diém twong dwong mat mau
tim doé va dung dich c6 mau vang nhat.

2.10.4. Binh lucfng (theo phwong phap chuan doé nguoc)

Cho can dinh lvgng tac dung v6i mot lvgng du chinh xac EDTA. Dinh
lwong EDTA du bang dung dich Mg

2.10.5. Binh luvgng S04~: (phwong phap gian tiép)

Cho BaCl: dw dé két tia hoan toan Soas~

+SOlI~ - BaS04i
Dinh lugng con lai bang complexon 1lI. D€ quan sat dé dang sw chuyén
mau cua chi thi, thém vao dimg dich mét lvong nhat dinh va qua trinh dinh
lugng duQt ti€n hanh hoan toan twong tv nhw dinh lwong doé cirng toan phan

clia nuoc.
2.10.6. Dung trong phéan tich dung cu

Phép so mau, do quang.

TU KHOA

- Phirc chét Héng s3'tao phirc

- Phtrc chét cong Hang sb6' bén dieu kién

Complexon
Chi thi kim loai

Phtrc chat noi

Hang s6'khong bén

CAU HOI LUONG GIA

1. Néu dinh nghta phirc chat, phirc chat cdng, ndi phirc, cho thi du minh hoa.

2. Phan tich y nghta clia hdang $3'tao phtc, hang s6 khong bén cta phiic, hing
sO bén diéu kién.
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kim

o &~ w

o]

7. Lam thé nao dé tang tinh chon loc clia chuan do tao phic?

. Néu cac yéu cau cta chi thi kim loai.
. Trinh bay y nghfta cta hang s bén diéu kién.

. Hay phan tich &nh hudng ctia pH dén can bang tao phtc.

. Trinh bay phan loai cta chi thi dung trong phwong phap tao phtc.

s . Trinh bay &rng dung cla phan &rng tao phtrc trong phan tich.

9. Néu nguyén téc ctia phwong phap complexon, giai thich dwong lwong cda ion

loai trong phuong phap complexon?

10. Binh nghia complexon. Néu tinh tao phttc ctia complexon I111.

11. 'IVinh bay cac phuvong phap phat hién diém két thic chuan do.

12. Néu co ché chuyén mau cuta chi thi kim loai; Tén cac chi thi thwong dung

trong phuwong phap complexon.

13. Trinh bay céac ky thuat chudn do bang complexon.
- Chuéan do the.

- Chuan nguoc.

- Chuén do thang.

- Chuén do gian tiép.

14. Néu rng dung ctia chuan dé complexon trong phan tich.

CAU HOI TRAC NGHIEM

1. Phirc chat la nhirng hOp chéat phan tr duQc tao thanh do

phoi tar

270

a. mot ion

b. mét cation

c. mot kim loai

d. mét vai ion kim loai

e.mot nguyén to

2. Tinh chat dac truwng ctia ndi phirc la
a. mau dac trung

b. dd bén cao

c. do tan trong dung mdi hiru co lén

d. tat ca cac cau trén dung

e. khong cau nao dang

........... noi voi céac
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w

. Complexon 111 la
. dan xuét cta acid aminopolycarboxilic

o o

. acid nitril triacetic

c. acid etylen diamin tetraacetic

d. mubi dinatri cta etylen diamin tetraacetic
e. cac hOp chat hiru co

4.0 pH4-6 EDTA phén ly 6 dang:

aHsr C. e Y'-

b. HgY" d. HY"

5. Chi thi kim loai la chi thi lam thay déi mau phu thudc vao

a. hang 3"bén clia complexonat d. néng d6 ctia EDTA

b. hang so' bén diéu kién cha chi thi e. nong do cua ion kim loai
c. dang phan ly cua EDTA

6. Dinh luQng Fe~'l)ang phucing phap comlexon ding chi thi

a. den eriocrom T c. kxilen dacam e. acid salicylic

b. murexit d. crom xanh den acid

7. Binh lvgng V@i chi thi murexit thywc hién & moi trwong

apH>12 c. pH=9-1l e.pH=7
b. pH=7-8 d. pH<3

8. Chi thi den eriocrom To6 pH =6,3 - 11,2 ¢c6 mau

a. xanh C. vang cam e. dé cam
b. dé d. tim

9. Chi thi dung & dang ran

a. den eriocrom T c. acid salicylic e. cau a,b,c
b. murexit d. cau ab

10.Binh lvong B¥**bang phwong phap complexon dung ky thuat chudn do
a. tryc tiép C. nguoc e. gian tié€p - thura trir

b. thé d. gian tiép
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2172

DAP AN CAU HOI TRAC NGHIEM

i Céu
Chuwong

1 2 3 4 5 6 7
1 b c e d d
2 d a e d a
3 d c c d b e
4 o e a a c a a
5 d e b a e b e
6 b d a e
7 c b e C e o e
8 a c e c d a b
9 C a b b a e a
10 c d d c e e c

10
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