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DANH MUC KY HIEU VIET TAT

Ky hiéu viét tit Tiéng Anh Tiéng Viét
KPM Khoang d6i mau
CTT Chét chi thi
HPT Hoéa phan tich
PTN Phong thi nghiém
LOD Limit of Detection Gi61 han phat hién
LOQ Limit of quantitation Gi6i1 han dinh lugng




Cac bwéc co ban trong phan tich héa hoc

Qué trinh phan tich thuong bat dau v6i nhitng cau hoi khong lién quan tryc tiép t6i hoa hoc
phan tich. Cac cau hoi ¢ thé 1a “Ngudn nudc nay cb an toan dé sir dung trong sinh hoat hay
khong?” hay “Loai thuc phim nay c6 an toan cho ngudi sir dung hay khéng?”. Cac nha khoa
hoc chuyén d6i nhitng cdu hoéi nay thanh cac phép do cu thé can thiét phai thuc hién. Vi thé,
cac nha phan tich héa hoc da lya chon hay dé xuét ra qui trinh dé thuc hién cac phép do dac

nay.

Khi cong viéc phén tich dugc hoan tit, cac nha phan tich phai chuyén két qua sang dang dé
moi nguoi khac ¢ thé hiéu duoc. Tinh ning quan trong nhat cua bat ky két qua nao 1a gisi
han ctia n6. o tin cay cia két qua nhu thé nao? Néu chung ta 1dy mau theo nhitng cach khac
nhau, két qua nhan dugc c6 gidng nhau khong? Néu nhu mot luong rat nho (luong vét) cia
chat phan tich dugc tim thdy trong mau, thi cau hoi c6 thé 1a d6 1a luong nhé chit phan tich
hay chi 1a sai s6 ctia phép phan tich? Ching ta chi c6 thé dua ra két luan cudi cung sau khi ¢6

két qua phan tich va gidi han phan tich dinh luong cta né [1,2]

Chiing ta c6 thé tom tit cac buée co ban trong qua trinh phan tich nhw sau:

Xay dung cau hoi Chuyén cac cau hoi chung thanh cau hoi riéng dé c6 thé tra 1oi duge
bang phan tich hoa hoc.

Lua chon qui trinh | Nghién ctru cac tai li¢u tham khao héa hoc dé tim ra qui trinh phéan

phan tich tich hodc néu can thiét dua ra qui trinh phan tich va cac phép do can
thiét

Léy mau Léy mau 1a qué trinh lya chon mau dai dién dé phan tich.

Chuén bi mau Chuan bi mau 13 qua trinh chuyén mau dai dién thanh dang thich hop

dé phan tich, thuong 1a hoa tan mau. Cac mau c6 nong do thap can
dugc 1am giau trude khi phan tich. Doi khi can thiét phai tach hodc

che cac chat gay nhiéu cho qua trinh phén tich.

Phan tich Viéc phan tich xac dinh néng do duoc thuc hién nhiéu lan giéng nhau.
Muc dich cua s lan 1ap 1a dé danh gid kha ning thay ddi ctia phép
phan tich va chdong lai sai s6 khi phép phan tich chi duoc thyc hién
mot 1an. Do khong dam bao cua phép do 1a quan trong nhu khi thuc
hién phép do, boi vi nod chi ra dd tin cdy cua phép do. Néu can thiét, sir

dung cic phuong phap phan tich khac nhau trén cing mot mau dé




dam bao rang cac phuong phap khac nhau cho két qua nhu nhau.

Bio cdo va giai | Ghi day du cac két qua, néu bat nhitng han ché ma ban gan cho ching
thich trong bao cdo. Bao cao co thé duoc viét cho mot chuyén gia doc (vi du
ngudi hudng dan ban) hay duoc viét cho ngudi doc noéi chung, vi thé

bao cdo dua ra phai phu hop voi nguodi doc.

Rat ra cac két luan Cac bao cdo phai dwgc viét mot cach ro rang. Cac két ludn dwa ra

dwa trén két qua phan tich va n6 phai co tinh chit ché, logic.

Kha nang thyc hanh tét trong phong thi nghiém cua sinh vién s& duoc cai thién néu trude khi
lam thi nghiém, sinh vién dau tu thoi gian dé doc can than va hiéu cac bude tién hanh trong
bai thi nghiém ciing nhu khi nao thi thyc hién cac budc thi nghiém d6. Hiéu qua nhét 1a viéc

nghién ctru va ké hoach phai duoc thuc hién trude khi sinh vién budc vao phong thi nghiém.

Phan thao luan dua ra dudi ddy c6 muc dich gitip sinh vién phat trién k¥ ning lam viéc c6
hiéu qua trong phong thi nghiém ciing nhu cung cép cho sinh vién nhiing thong tin chung vé

Hoéa phan tich trong phong thi nghi¢m.
Cac thong tin co ban

Trudc khi bat dau lam thi nghiém, sinh vién phai hiéu nhiing diéu dang chu y & mdi budc
trong qui trinh phan tich dé tranh céc sai s mac phai trong cac phuong phép phan tich. Sau
khi doc céc tai liéu tham khao, tai liéu huéng din, néu sinh vién vin con chua & & mot hay
mot vai budc trong qui trinh thi nghiém, hay hoi gido vién huéng dan ctia minh trudc khi lam

thi nghiém.
Do chinh xac cia cac phép do

Xem lai toan b qui trinh phén tich, xét xem nhiing phép do nao phai thyc hién véi do chinh
xé4c cao nhat va s& thuc hién véi su can than tdi da, nhiing phép do ndo phai thyc hién nhanh
va khong can quéa chinh xac. Thong thudng, cic phép do xuat hién trong phuong trinh tinh
toan ra két qua phai thuc hién v6i d6 chinh x4c cao nhit. Nhimg phép do con lai ¢6 thé hoic
phai thuc hién nhanh dé tiét kiém thoi gian. Nhitng tir nhu “khoang” va “xap xi” chi ra rang
khong phai thyc hién phép do mot cach chinh xac. Ban khong phai mat thoi gian va nd luc

cho cac phép do khong can chinh xac.




Trong mot $6 qui trinh, vi du nhu “can 3 mau, méi mau khoang 0,5 g v&i do chinh x4c t4i
0,Img”. O day khdi luong cac mau co thé chép nhén tir 0,4 dén 0,6 g, nhung do chinh xac
ctia lwong can phai 14 0,1 mg. SO lwong cac con sd dang sau ddu phdy cia thé tich hay khdi
lwong ciing chi ra cho chung ta thiy phai ldy mau cn than nhu thé nao. Vi dy, “thém 10,00
ml mot dung dich vao cbe c6 mo” chi ra ring ban phai lay mot thé tich chinh x4c bang buret
hay pipet, v&i muc dich c¢6 dugc sai s6 ¢6 thé 1a £0,02 ml. Nguoc lai, néu ngudi huéng dan

n6i “thém 10 ml”, nhu vy ban c6 thé ldy bang éng dong.
Str dung thoi gian

Ban phai nghién ciru k¥ thoi gian can thiét cho cac giai doan trong qui trinh phan tich trudc
khi bat dau thi nghiém. Vi du, thoi gian sdy kho trong 10, thoi gian 1am ngudi trong binh hut
am hay thoi gian dé bay hoi... Cac nha hoa hoc c6 kinh nghiém c6 thé 1ap ké hoach dé lam
cac thi nghiém méi trong thoi gian cho doi. Mot sb ngudi da thay duoc su hitu ich khi viét ké

hoach chi tiét trong cac giai doan 1am thi nghiém.
Thube thir

Khi pha ché hoa chét, thuong kém theo nhiéu thu tuc. Kiém tra xem cac héa chat di duogc

chuan bi trén gia chua dé c6 thé su dung cho cac muc dich chung.

Tuén theo cc ndi qui an toan trong phong thi nghiém, nhét 14 khi phai lam viéc véi cac hoa
chit doc hai. Can nghiém tic tuan thii cic yéu cau khi thai cac chat thai dang long hay rin
trong phong thi nghiém. Céac yéu cau nay tuy thudc vao cac phong thi nghiém va tuy thudc

vao ting dia phuong, qudc gia.
Nuwoe

Mot s phong thi nghiém sir dung nudc qua trao d6i ion dé c6 nude tinh khiét, mot sé phong
thi nghiém lai st dung nudc cat. Thuat ngit “nudc qua trao dbi ion” (deionized water) hay
“nudc cat” (distilled water) dugc st dung thay thé cho nhau. Ca hai loai nay déu théa man

cho cong viéc phan tich.



Bai 1. Hwéng dan cach sir dung héa chat, thiét bi trong Héa phan tich
1.1. Viéc lwa chon va sr dung thuéc thir va héa chat

D6 tinh khiét cia thude thir co ¥ nghia quan trong khi mudn c6 dwoc do chinh xéc cao trong
bét ky phép phan tich ndo. Do d6, tiry thudc muc dich ctia phép phéan tich ma lya chon thube
thir voi cac tiéu chuan da dé ra.

Céc chét chuan gbc, yéu cau do tinh khiét cao va thudng duoc kiém tra k¥ cang boi nha cung

cap, cac tap chat néu c6 dugc in trén nhan.
Céc hoda chat duge chuan bi san cho céc ting dung cu thé ciing c6 thé co san.

Céc hoa chat dé bay hoi nhu NH3, axit dac HCI, HNOs... khi str dung phai ¢ trong ti hut.
1.2. Cac dung cu, thiét bj thwérng dung trong phong thi nghiém phan tich
1.2.1. Can phén tich

Can phan tich 1a mot thiét bi tinh vi nén chiing ta phai st dung rat can than (hinh 1.1). Hay
hoi nguoi huéng dan cua ban cach sir dung trudce khi ban cin miu. Tuan thil cac qui tic lam
viéc voi can phan tich dudi day:

- Pat vi tri ctia vat can cAn ¢ trung tim cua dia can.

- Bao vé can khoi su an mon. Céc vat can dé trén dia phai dugc han ché dé khong phan Ung
v6i kim loai, nhya va thuiy tinh.

- Khi can chit 16ng khong an mon, khong bay hoi c6 thé can truc tiép bang cach sir dung lo
can co nut day vua khit.

- Khi cén cac chat 1ong bay hoi va c6 tinh dn mon thi nd phai dugc dung trong 6ng thity tinh
kin. Ong thity tinh dugc 1am néng 1én va dau éng dugce nhung vao mau, khi ngudi, chat long
ngung tu trén 6ng. Ong thuy tinh sau d6 dugc quay ngugc trd lai va dau dng duoc bit kin
bang ngon lira nho. Ong thay tinh va chat 1ong chira trong do, cing v&i phan thiy tinh bi tach
ra (néu cé) trong qua trinh bit kin dugc 1am ngudi dén nhiét d6 phong va can. Ong thuy tinh
sau d6 dugc chuyén dén binh chira yéu ciu va duoc 1am v dé chat 1ong thoat ra.

- Khi can cac chat ran c6 thé dung gidy can (loai gidy chuyén dung dé can, c6 do bong cao)
duoc gip thanh thuyén can dé can.

- Giit can sach, c6 thé st dung chdi long dé 1am sach bui va cac chét rén rot ra ngoai khi can
(hinh 1.11).

- Béi v6i cac mau can can vira bi sdy hay nung néng, phai 1am ngudi vé nhiét dé phong trudce

khi can.



Huéng dén cu thé:
- Trude khi bat can phan tich, hay chic chan 1a nhitng canh ctra da dugc dong va dia
can khong cham vao bat cir vat nio.
- Sau khi bat, cac sb trén bang di¢n tir s€ dugc hién thi (hinh 1-1a).
- Bat mot lan nita néu nhu phﬁn bang s6 dién tir dé doc van chua hién thi 0,0000 g.
- Pit miu can can vao chinh giita dia can va dong cira (hinh 1.1b).
- Poi cho cac sb hién thi 6n dinh va doc két qua (hinh 1.1e).

- Lay mau can ra va dong kin ctra can lai néu can thiét.

Hinh 1.1. Huwéng dén siv dung cin phan tich dién tiv

1.2.2. Lo can

Chat ran rat thuan tién dé say kho va chira trong lo can. Céc lo can c6 thé 1am bang thuy tinh

hay nhya (hinh 1.2).



(b)
Hinh 1.2. Lo cin bang thiiy tinh (a) va nhwa (b)
1.2.3. Binh hit 4m
Say kho 13 mot cach phd bién dé loai bé 4m khoi chét rin. Qua trinh nay s& khong loai bod
nude két tinh hay phan hiy chit can sdy. Céac chét sau khi dugc siy kho s& dugc 1am ngudi

trong binh hit am.

(a) (b)

Hinh 1.3. Binh hit ém thwong (a) va binh hut dm chén khong (b)

C6 hai loai binh hiit 4m: binh hat 4m thudng (hinh 1.3a) va binh hat 4m chan khong (hinh
1.3b). Luu y van & binh hut 4m cho phép tao mdi truong chan khong bén trong binh.
Silicagel co thé sir dung dé 1am kho khong khi trong binh. Né duoc dé phia dudi ddy cua binh
hat Am (duwdi dia ciia binh hit am).

1.2.4. Giay loc

Gidy loc 1a loai gidy dic biét co kich thudc mao quan nhat dinh dé chit 16ng co thé di qua va

c6 d6 min thich hop. Thudng chung ta dung loai gidy loc khong tro, nghia 1a sau khi nung,



khéi luong tro con lai khong dang ké. Gidy loc khong tro dugc san xudt tir soi xenlulozo
dugc xtr Iy véi hydro cloric va hydrofluoric axit dé loai bo cac kim loai va silica. Sau dé
amonia duoc str dung dé trung hoa cic axit nay. Phan du mudi amonium con lai trong gidy

loc ¢6 thé duoc xac dinh bang phuong phap Kjeldahl [1,3]

C6 nhiéu loai gidy loc khéng tro, chung ta thudong phan biét chung bang mau séc trong hop

dung.
- Giéy loc bang xanh: rat min, chay cham, dung dé loc cac két tua kich thuge hat nho.
- Giay loc bang trang, bang vang: d6 min vira phai, toc do chay trung binh.
- Giay loc bang do: 16 to, chay nhanh, ding dé loc cac két tiia kich thudc 16n.
(a) (b)
Hinh 1.4. Gidy loc dwoc gip dang ranh (a) va dang non (b)
Cich gip gidy loc

Chung ta c6 thé gap gidy loc theo hai cach: gip gidy loc dang ranh (hinh 1.4a) hoic dang noén
(hinh 1.4b). Gap gidy loc dang rinh tao duwoc nhiéu ranh va cho phép chat long di qua gidy
loc nhanh chong dong thoi ¢6 dién tich bé mat 1on hon khi gip gidy loc dang hinh nén. Tuy

nhién, chit ran ciing d& dang dugc tach ra boi gidy loc gip dang hinh nén.

Hinh 1.5 chi ra cic budc gip gidy loc dang rénh. Dau tién ta gép hinh tron thanh mot nia (a),
i mot phan tu (b, ¢). Can than v6i cac nép gip, khong miét qua manh vao cac rinh boi s&
lam gidy loc ¢ thé bi rach sau do. Tiép tuc cac nép gip dé ting sd ranh cua gidy loc (d-h).
Chung ta thdy gidy loc dugc gip nhu hinh cai quat gidy (i). Cudi ciing ta md chiée quat gidy

ra va sé& co gidy loc dang ranh (m).
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Ddi véi cach gép giéy loc dang non, déu tién ta cling gép thanh mot ntra, rdi thanh mot phén
tu nhu voi gidy loc dang rinh. Bay gio gidy loc da duoc gap lai thanh bdn 16p, md nd thanh

dang hinh nén (gidng nhu chiéc nén vay). Ching ta thim u6t phéu loc khi dit vao phéu.

(1) (k) M (m)

Hinh 1.5. Céch gip gidy loc dang rinh

1.2.5. Ti siy, 16 nung

Céc thiét bi gia nhiét nhu t sdy, 10 nung c6 thé dat ché do nhiét nhu toc do gia nhiét, thoi

gian luu & nhiét do nhat dinh, téc d6 giam nhiét do...

11



Hinh 1.6. Thiét bi gia nhiét: ti sdy (a) va l6 nung (b)

1.3. Phép do thé tich

Viéc do chinh xac thé tich 14 cong viéc quan trong trong nhiéu phuong phap phan tich va no

cling quan trong nhu vi¢c can chinh xéac khoi lugng vay.

Don vi cua thé tich 1a lit (L), duoc dinh nghia 1a 1dm’. M6t mililit (mL) 1a 1/1000 L va duoc

sir dung v6i cac thé tich nho, phd bién trong phan tich thé tich.

Thé tich chiém chd ctia mot chat long bat ky phu thudc vao nhiét do. Hau hét cac thiét bi,
dung cu do thé tich duoc 1am bang thity tinh. Thay tinh 1a loai vat liéu c6 hé sd gidn nd vi
nhiét nho. Piéu nay c6 nghia 1a chung ta khong can quan tim toi sy thay ddi thé tich cua cac

dung cu chira chit 10ng (dung méi la nuéc) theo nhiét dd trong cac phép phan tich.

Céc phép do thé tich duge thuc hién béi cac dung cu thuy tinh phai dugc dé cap O nhiét do
chuén, thuong 1a 20 °C. Béi vi, nhiét d6 moi trudng clia hau hét cac phong thi nghiém la
trong pham vi 20 °C va chiing ta c6 thé han ché viéc hiéu chinh cac phép do thé tich. Tuy
nhién, khi do thé tich cac chat léong hitu co, sy gian nd vi nhiét cua chét hiru co 1a 16n, nén

thuong doi hoi viéc hi¢u chinh khi nhiét do thay ddi trén duai 1°C.

Viéc do thé tich thuong dugc thye hién véi pipet, buret va binh dinh mtrc. Nhiét do trong qua
trinh chudn héa cac dung cu nay duoc ghi trén no.

1.3.1. Pipet

Pipet cho phép chung ta chuyén chinh xac mot thé tich biét trudc tir mot binh chira ny sang

mot binh chira khac.
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(a) (b) () (d)

Hinh 1.7. Cic logi pipet: logi thwong (a), dinh mikc (b), logi tw dpng (c) va diu con cho pipet tw dpng (d)

Céc loai pipet phd bién trong phong thi nghiém nhu pipet 1, 2, 5 va 10 mL (hinh 1.7a) thuong
dugc 1am bang thuy tinh. Loai pipet thuong 1a nhitng dng thiyy tinh hinh try dugc chia nhiéu
vach. Ngoai ra con c6 loai pipet dinh mirc, 1a loai c6 bau to & gitra con hai dau vudt nho véi
mdt vach muc ¢ phia trén hodc hai vach murc ¢ phia trén va phia dudi (hinh 1.7b). Pipet dinh

mirc chi cho phép 14y chinh x4c mot thé tich chit long nhét dinh.

Ngoai cac loai pipet thuong, pipet dinh murc, ngay nay nguoi ta con st dung cac micro pipet
tu dong trong phong thi nghiém (hinh 1.7¢). C6 loai micro pipet chi 1dy dugc mot thé tich
nhét dinh nhu 20uL, 50 pL, 100 pL. Cing c6 loai c6 thé léy duoc trong mdt pham vi thé tich,
vi du nhu 1 dén 10 uL hay 0,100 mL dén 5,000 mL. Céc loai pipet tw dong nay dugc gan véi

dau con (hinh 1.7d), thuong dugc 1am béng nhya va st dung mot lan.
Su dung pipet:

Pé 13y chat long chiing ta str dung qua bop cao su, khong dugc hut bang miéng (hinh 1.8a).
Dung dau ngon tré dé diéu chinh mirc chét 1ong trong pipet (hinh 1.8b). Luu ¥ trude khi st
dung pipet phai rira sach pipet, trang pipet ba lan bang chat 1ong can 1iy. Néu nhu chét long
van con bam vao thanh sau khi chét 1ong di qua pipet thi ching t6 pipet chua sach (hinh
1.8¢). Pipet sach 1a khi trang bang chat 1ong thi pipet tron va khong bi dinh chat 1ong (hinh
1.8d).

(b) (c) (d)
Hinh 1.8. Mt sé thao tic véi pipet
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1.3.2. Buret

Hinh 1.9. Buret (a) va khoa van ciia buret (b)

Buret cho phép chung ta chuyén bat ky mot thé tich nao c6 thé 16n téi dung tich cua buret
sang mdt binh chira khac. V& cAu tao, buret co dang 6ng duogc chuin hoa, chia vach do thé
tich va c6 thém mot khoa van (hinh 1.9a) dé co thé diéu chinh chat 1ong di xudng. Buret duoc
lap bang gia dé buret (hinh 1.9b).

Str dung buret:

Yéu ciu khoa buret phai kin va tron, néu can thi béi khéa véi mot 1ép mong vaselin dé
tang do kin va tron. V& do6 sach, cling nhw khi thir véi pipet, néu dé chat 16ng vao buret,
sau khi chit 16ng dwoc thdo qua van bang cAich mé& khda, néu trén thanh buret van con

dinh giot chit 16ng, chirng té buret con ban.
Trang dung dich can nap 1én buret ba lan truéc khi nap day dung dich 1én dé chuan do.

Lwu y sau khi nap dung dich 1én buret phai dudi hét bot khi (trén hinh 1.9a chung ta c6

thé thdy van con bot khi & khéa van) va chinh vé vach 0 trwéc khi chuin do.
Cich doc mikc chit long trén buret, pipet:

Miic chat 16ng trong buret hay pipet co dang khum (hinh cau 16m), khi doc mtrc chét 1ong nay
phai dit mat thang v6i mat khum cua chat 1ong thi phép do thé tich méi chinh xac va nhu
nhau trong moi 1an doc [4]. Néu chung ta dit goc nhin cao hon mit khum cta chit 1ong thi
gia tri thé tich doc dugc s& thép hon gia tri thé tich thuc t& cia muc chat long. Nguoc lai, néu
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ta dat goc nhin thép hon mat khum cua chét long thi gia tri thé tich doc dugc s& cao hon gia

tri thé tich thuc té ciia muc chét 16ng (hinh 1.10).

i ~— mirc cao

"“‘-,_‘ ..-f
T | —
< ! -
“"‘-__‘_ i ¥
- — . mic ding
.'._'__.-' ‘-‘t

— I ] .
& ——— mirc thap

Hinh 1.10. Cich doc mikc chit long
1.3.3. Binh dinh mirc

Binh dinh mirc duoc san xuét véi dung tich tor 5 mL dén 5L, thuong dugc chuén héa bﬁmg
vach murc & chd thot ¢6 cia binh dinh murc (hinh 1.11). Ching dugc sir dung dé pha ché cac

dung dich chuan va pha lodng cac dung dich.

Hinh 1.11. Binh dinh mirc

1.4. Chuan do

Trong mot qué trinh chuan d9, dung dich chuan duoc thém tir tir vao chit can chuan c6 thé
tich biét trudc dén tan khi phan tng 13 hoan toan. Tir thé tich dung dich chuan tiéu t6n cho
phan tmg, ching ta c6 thé tinh duoc ndong do chat can phan tich. Qua trinh chuan d6 thuong

duoc thuc hién véi mot buret.

Céc yéu cau dé mot phan tng cd thé chuan do duoc la:
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- Phan ing phai dién ra nhanh va hoan toan (c6 hang s6 can bang va van toc 1on). Biéu do co

nghia 1a mdi khi chat chuan dugc thém vao, phan tmg 1a hoan toan tai thoi diém do.
- Phan ung chuin do phai dién ra theo mot phuong trinh héa hoc da dinh trude.
- Phai ¢6 cach xac dinh dugc diém twong duong.

Pé thoa man ca ba diéu kién néu trén cho mot phan Gng chuén dd, trong thuc té ngoai chuan
do truc tiép, nguoi ta con st dung cac ky thuat chuan do khac nhu chuén do gian tiép, chuan
d6 nguoc va chuan do thé. Cac k¥ thuat chuan d6 nay nham khic phuc viéc chuan do truc

tiép s& khong thoa mén ca ba diéu kién néu trén [5,6].

Céc loai phan g chuan d6 pho bién la chuan d¢ axit-bazo, oxy héa khir, phtrc chat va chuan

do két taa.

Piém twong duong 1a thoi diém hai chat 1 dung dich chuan va chét can phan tich tic dung du
v6i nhau. D6 1a thoi diém 1y tuong dé chung ta két thac chuan do. Tuy nhién, trong thuc té
chung ta chi két thiic phan tng chuan do ¢ thoi diém twong duong hodc 1an can cia diém
trong duong, goi 1a diém cudi cta qua trinh chudn d6. D6 1a thoi diém tinh chat cua dung
dich thay d6i manh. Pé xac dinh diém cudi ctia chuin do ngudi ta c¢6 thé dung chét chi thi
hodc phép do tinh chét cta dung dich. Vi du, trong chuan d6 axit-bazo, ngudi ta c6 thé st
dung chat chi thi axit-bazo hodc may do pH. Trong pham vi ctia chuwong trinh Hoa phan tich
2 nay, chung t6i chi gidi han viéc xac dinh diém cudi cua qué trinh chuén do bﬁ“mg cach su

dung chét chi thi.

Dé chuan bi cho viéc chuan dd, bd dung cu thuy tinh dung cho chuan do phai duogc rtra sach,

trang bang nude cit ba lan.
Chudn bj buret (buret dugc trang bang dung dich can nap ba lan)

- Doéng khoéa van, nap dung dich vao buret, c6 thé str dung phéu dé rot dung dich (hinh
1.12a).

- Kiém tra xem c6 con bot khi & khoa van khong. Néu bot khi ¢6 mat trong qué trinh
chuan dg, né co thé 1am cho két qua chuan do bi sai (hinh 1.12b).

- €0 thé rira dau buret bang nudc cit, nd phai sach va kho trude khi chuan do (hinh

1.12¢, d).
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- Poc gi tri ban dau ciia muc chét 16ng trude khi chuan do (thong thudng ta chinh vé

vach 0).

(a) (b)
Hinh 1.12. Cac thao tac voi buret

Chudn bi binh nén (chi ding nuéc cat dé trang, khong dugc ding dung dich can 1ay dé trang

binh non).

(b)

Hinh 1-13. Cdc thao tic ldy dung dich vao binh nén bang pipet

Chung ta sir dung pipet dé l1ay dung dich. Pipet sau khi rira sach va trang bang nudc cat ba
lan, chiing ta can trang bang dung dich can 1y ba lan (hinh 1.13a). Sau khi liy dung dich vao
pipet bing qua bop cao su, co thé lau phia ngoai pipet bang gidy thim (hinh 1.13b). Ching ta
liy chinh xac mot thé tich dung dich cin chuan d6 bang pipet cho vao binh nén. Pé pipet
thang dimg va nghiéng binh nén dé dung dich chay vao (hinh 1.13c). Tia nudc cat xung
quanh binh nén dé dam bao tit ca thé tich chinh xac dung dich di 1y dwoc phan tmg voi chat

chuén (hinh 1.13d).
Cich chuin d:

- Tay khong thuan cAm khoa van (hinh 1.14a).

- Tay thuan cdm binh nén (hinh 1.14b).
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- Chuén d6 véi tdc d6 nhanh truée diém tuong duong mot vai mL.

- Dé dau buret cham vao binh nén (hinh 1.14c).

- Tia nudc cit xung quanh dé dung dich ciia chit chudn néu c6 bam trén thanh cta binh
no6n s& duoc di xudng (hinh 1.144).

- Khi gan dén diém tuong dwong chuan vai tbe d6 cham.

- Dau hiéu két thiic chuin d6 13 khi dung dich vira chuyén tir mau A sang mau B.

(a) (b) (d)

Hinh 1.14. Cdc thao tic trong chuin d¢
1.5. Cau hai 6n tap
1. Cac yéu cau dé mot phan Gmg c6 thé chuan do duoc trong phén tich.
2. Cach str dung cac dung cu thuy tinh nhur buret, pipet, binh non trong chuan do.
3. Céc qui tic lam viéc voi can phan tich.

4. Cach doc murc chat 16ng trén buret va pipet.

Bai 2. Xtr Iy cac sd liéu thwc nghiém
2.1. Phan b6 Gauxo

Néu moét thi nghiém duoc lap di ldp lai nhiéu 1an véi cac sai sé 13 ngdu nhién thi khi d6 cac
két qua co xu hudng chum ddi xtng tai gia tri trung binh. S6 thi nghiém duoc lip cang nhiéu,
cac két qua lai cang gin nhau va duong cong 1y tuong duoc goi 1a phdn b Gauxo. Nbi
chung, chung ta khong thé 1am thi nghiém véi s6 lan lap rat 16n trong phong thi nghiém.
Chung ta thudng lap lai cac thi nghiém tir 3 dén 5 1an hon 1a 2000 1an. Tuy nhién, ching ta co
thé wdc luong cac tinh chat thong ké tir mot bo sé lidu voi sb 1an 1ap it [1].

2.1.1. P chinh xéc va d¢ léch chuin

Gia st thi nghiém duoc tién hanh lap n lan, trung binh cong dugc tinh theo hé thuc:
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XiXi

n

X = (voii=1,2,3,..,n) (2.1)
Thong thudng, ngudi ta tién hanh khoang tir 3 dén 5 1an rdi tinh gia tri trung binh. Trong cac
s6 lidu thu duoc, gia tri trung binh X 13 déng tin ciy hon ca va ngudi ta danh gia né theo hai

dai luong thong ké 13 dg chinh xdc va dp diing.

Dé chinh xdc dugc xac dinh nho 7 phép thir song song tién hanh trong cung diéu kién. Do
chinh x4c cho biét mirc d6 phan tan cua cac phép thir song song va nd co thé duoc danh gia
qua dai luong d6 l1éch chuén s (hodc phuong sai s°):
_ | ZBixi—%)?
s = T (2.2)
Dai lugng (n-1) trong phuong trinh (2.2) goi 1a d6 tu do. BJ léch chuén s cang nho thi d6 lap

lai cang cao, tirc d chinh xéc cang cao.
Vi du: Tim gié tri trung binh va d6 1éch chuan cho cac gia tri do: 821; 783; 834; va 855.

e g s . . .. — _ 821+783+834+855
Giai: Gia tri trung binh la: X = ” =823,2

Pé tranh 151 do lam tron, gitr mot sb sau dau phay cia gia tri trung binh va gia tri do 1éch

chuan so véi gia tri thé hién ¢ s6 1iéu goc. DG 1é€ch chuan la:

=30,3

__ [(821-823,2)%2+ (783-823,2)%2+ (834-823,2)2 + (855—823,2)2
B (4-1)

O day gia tri trung binh va d6 léch chuan phai c6 s6 cudi cting cung hang thap phan. Vi nhu ¥

= 823,2 va do l1éch chuén s = 30,3.

bo 1éch chuin tuong ddi duoc dién ta dudi dang phén tram: RSD% (Relative standard

deviation)

RSD =2 x 100, (%) 2.3)

Rl w

b9 1éch chuan twong doi cho ta khai niém rd hon vé dd I¢ch chuan vi n6 dugc so sanh vdi gia

tri trung binh X cua tap sb liéu.
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Dé diing danh gia sy phu hop cua két qua thyc nghiém so véi gia tri thuc va thuong dugc

biéu dién dudi dang sai sb.
Sai sb tuyét di (e): =% —p 2.4)

Trong d6 p 1a gid tri thuc (gid tri dugc chap nhan dang tin cdy nhit, vi khong bao gio biét

duogc gia tri thuc).

Sai sb tuyét ddi khong cho ta théy muc do gﬁn nhau cuia gia tri xac dinh dugc va gia tri thuc,
tirc 1a khong cho ta thay ding duoc do ding cua phép phén tich. Dé biét duoc do ding cua
phép xé4c dinh, nguoi ta ding sai s6 twong ddi [1].

Sai s6 tuong d6i R% la ti s giita sai s tuyét ddi & va gi tri thuc p hodc gia tri trung binh X:

R%=EX 100 = £ x 100 2.5)

R | m

2.1.2. P 1éch chuén va xac suit

Cong thtrc cuia duong cong Gauxo la:

1 2 2 0,45
— —(x—-w)“/2o -
= e 2.6
Y= i (2.6) o
0,35
O day e (= 2,71828.) 1a co sb cia [\
logarit tu nhién. Cho mét tap sd liéu, o2 / \\
ching ta ldy gan dung p=% va o=s. °°° / \
0,15
Trong d6 p la gié tri thyc, x 1a gia tri / \
0,10
thuc nghiém, o 1a 6 1éch chuén. UVAaOT  ggs // \\
1a cac sb thue, duge goi la tham ) phan 000 . S , 1 . 1 , ; 3

bo, y 1a ham s ctia x va chinh 1a xac
Hinh 2.1. Duong cong Gauxo voio=1vau=0

1
= —e
Y V21

suat cua X.

-x2/2

Do thi, duogc chi ra trén hinh v& 2.1, ¢6 giatrio=1vau=20 dé su dung cho don gian. Gia tri

cuc dai cua y tai do x = 0 va duong cong doi xiing vé x = .

Do thi nay rat hitu ich dé dién dat cac do 1éch tir gia tri dung, z, cia gia tri d6 léch chun.
Chung ta c6 thé chuyén ddi x thanh z thong qua:
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Z=—= — 2.7)

Xac suat cua vi¢e do z trong mot mién nhat dinh 1a bang dién tich cia mién nay. Vi du, xac
suat cua vi¢c phat hién z trong mién tir —2 dén —1 1a 0,136. Phan dién tich cua mdi phan cua
duong cong Gauxo dugc dua ra trong bang 2.1. Bdi vi tong cac xac suat cua tat ca phép do

phai 1a thong nhét, dién tich dudi toan dudng cong tir z = -0 t&i z = +oo ciing phai cing don

vi. Phuong trinh cua dudong cong Gauxo c6 gia tri cuc dai bang va dugc goi la yéu to

1
oV2m

binh thudng héa, gia tri nay cang 16n néu o cang nho, hay néi cach khac, do lap lai cang cao,

dam bao rang dién tich phia

1
o221

dudi cia toan b dudng cong 1a théng nhat. Mot dudng cong Gauxo véi cac don vi dién tich

nghia 1a sé gia tri thu dugc cang gan gia tri thuc [1]. Gia tri

duogc goi la duong cong sai s6 Gauxo.

Bang 2.1. Dién tich va cac tham s trong phuwong trinh dwong cong sai s6 Gauxo

|z|* y Dién tich” |z|* y Dién tich” | |z|* y Dién tich™
0,0 [0,3989 [0,0000 1.4 0,1497 |0,4192 2.8 0,0079 |0,4974
0,1 [0,3970 |0,0398 1,5 0,1295 | 0,4332 2,9 0,0060 | 0,498 1
02 [0,3910 |0,0793 1,6 0,1109 | 0,4452 3,0 0,0044 | 0,498 650
03 |0,3814 |01179 1,7 0,0941 | 0,4550 3,1 0,0033 | 0,499 032
04 |0,3683 |0,1554 1,8 0,0790 | 0,464 1 3,2 0,0024 | 0,499313
0,5 [03521 |0,1915 1,9 0,0656 | 0,4713 33 0,001 7 | 0.499517
0,6 [03332 |02258 2,0 0,0540 | 0,4773 3.4 0,0012 | 0,499 663
0,7 |03123 |02580 2,1 0,0440 |0,4821 3,5 0,0009 | 0,499 767
0,8 [0,2897 |02881 2,2 0,0355 | 0,486 1 3,6 0,0006 | 0,499 841
09 |02661 |03159 2,3 0,0283 | 0,4893 3,7 0,0004 | 0,499 904
1,0 02420 |0,3413 2,4 0,0224 | 0,491 8 3,8 0,0003 | 0,499 928
1,1 |02179 |0,3643 2,5 0,0175 | 0,493 8 3,9 0,0002 | 0,499 952
1,2 |0,1942 |0,3849 2,6 0,0136 | 0,4953 4,0 0,000 1 | 0,499 968
1,3 |0,1714 | 0,4032 2,7 0,0104 | 0,4965 o 0 0,5
o xu

7=
g

“La dién tich tham khao giita z = 0 va z = gia tri & trén bang. Khi dién tich tir z= 0 dén z = 1,4 13 0,4192. Dién tich tir z=-0,7 dén z=0 la
tuong ty tir z=0 dén z=0,7. Dién tich tir z=-0,5 dén z=+0,3 12 (0,1915+0,1179) = 0,3094. Téng dién tich tir z = -oo dén z = +o 14 théng nhét.

Do 1éch chuin do do rong cia dudng cong Gauxo. Gia tri o cang 16n, dudng cong Gauxo

cang rong. Trong bat ky dudng cong Gauxo nao, 68,3% dién tich tir mién u — 1o dén u +
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1. Ngoai ra, 95,5% cua dién tich nam trong pham vi yu + 20 va 99,7% cua dién tich nam

trong mién u + 3o.

S6 1an thi nghiém ting, d6 chic chin cua gia tri trung binh cang gan voi phan bd cia gia tri

thuc, u cang cao.

2.2. Bo tin cay

Chuén sd student # 13 mot cong cu théng ké dugc stir dung phé bién dé dién dat do tin cay va

so sanh céc két qua tir cac thi nghi€ém khéc nhau.

T mot s6 lwong thi nghiém gidi han, chiing ta khong thé tim duoc phan b gia tri diing va do

1éch chuan dung . Chiing ta c6 thé xac dinh X va s.

Bang 2.2. Cac gia tri ciia chuin sb student t

Miic do tin cay (%)
Mic do twdo | 50 90 95 98 99 99,5 99,9
1 1,000 6,314 12,706 31,821 63,656 127,321 636,578
2 0,816 2,920 4,303 6,965 9,925 14,089 31,598
3 0,765 2,353 3,182 4,541 5,841 7,453 12,924
4 0,741 2,132 2,776 3,747 4,604 5,598 8,610
5 0,727 2,015 2,571 3,365 4,032 4,773 6,869
6 0,718 1,943 2,447 3,143 3,707 4,317 5,959
7 0,711 1,895 2,365 2,998 3,500 4,029 5,408
8 0,706 1,860 2,306 2,896 3,355 3,832 5,041
9 0,703 1,833 2,262 2,821 3,250 3,690 4,781
10 0,700 1,812 2,228 2,764 3,169 3,581 4,587
15 0,691 1,753 2,131 2,602 2,947 3,252 4,073
20 0,687 1,725 2,086 2,528 2,845 3,153 3,850
25 0,684 1,708 2,060 2,485 2,787 3,078 3,725
30 0,683 1,697 2,042 2,457 2,750 3,030 3,646
40 0,681 1,684 2,021 2,423 2,704 2,971 3,551
60 0,679 1,671 2,000 2,390 2,660 2,915 3,460
120 0,677 1,658 1,980 2,358 2,617 2,860 3,373
0 0,674 1,645 1,960 2,326 2,576 2,807 3,291

Lueu y: Trong qud trinh tinh todn dg tin cdy, o cé thé dwoc thay béi s trong phirong trinh (2-8).

Bién gidi tin cdy dién dat gia tri diing u roi vao khoang nhat dinh tir gia tri do X. Bién gi6i tin

cdy p dugc xéac dinh bang:

ts

u=x+ 2.8)

=
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O day s la do 1éch chuan do duoc, n 1a sb 1an thi nghi¢m va t la chuén sb student, duoc léy tu

bang 2.2.

Vi du 1: Ham lugng cacbon hydrat cua glycoprotein (mdt loai protein véi duong duge dinh
kem) dugc xac dinh 1a: 12,6; 11,9; 13,0; 12,7 va 12,5 g cacbon hydrat trén 100g protein. Hay
tim bién gidi tin cdy voi mire do tin cay 50% va 90% cho ham lugng cacbon hydrat.

Giai
Pau tién ta tinh gia tri trung binh ctia ham luong cacbon hydrat trong glycoprotein:

_ 12,6+11,9+13,0+12,7+12,5
X = 5 =12,5

Do léch chuan s cho 5 lan thi nghiém:

[ Zi(xi—x)2
TN -

_ \/(12,6—12,5)2+ (11,9-12,5)2+ (13,0-12,5)%2 + (12,7-12,5)2 + (12,5-12,5)2

G-1) 0,4

Tra bang 2.2, tng v&i mtrc d tin cdy 50% va do tu do 4 (bac tu do = s6 lan 1ap -1) ta dugc

t=0,741. B&i thé:

. . n _ ts 0,741x0,4
Gi61 han tin cdy: p=Xx + N 125+ ——

=125+0.1
N 7 > £0,

Tuong ty, véi mirc do tin cdy 1a 90% thi bién gidi tin cdy sé la:

2,132%0,4

= - 125%03

n=12,5+

Vi du 2: Ham lugng con (C,HsOH) trong mot mau mau dugc xac dinh béng ba lan thi
nghiém (s6 1an lap 1a 3) va nhan duogc gia tri % C,HsOH la: 0,084; 0,089 va 0,079. Hiy xac

dinh bién giodi tin cdy cia ham luong con v&i muac do tin cay 95%.
Giai
Dau tién tinh gia tri trung binh cia ham lugng con:
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__0,084+0,089+0,079
X= 3 =0,084

Do 1éch chuén s cho ba 1an thi nghiém:

=J2i(xi—f)2=\/(0,084—0,084)2+(0,089—0,084)2+(0,079—0,084)2 1107

(n-1) (3-1)

Tra bang 2.2, trng véi muc do tin cay 95% va d6 tu do 2 (bac tu do = s6 lan lap -1) ta duoc

t=4,303. Bi thé:

_ t 4,303 x 7,1.1073
Gii han tin cdy: p = X + —; = 0,084 + =% = 0,084 + 0,017 % C,HsOH

Vn V3

2.3. So sanh d6 léch chuan véi gia tri kiém tra F

Gia tri F (Fiso) chi cho chiing ta su khac biét gitra hai d6 1éch chuin. N6 duoc dinh nghia 1a ti

sd gitra binh phuong ciia hai do 1éch chuan:
Finn =23 (2.9)

Gia tri chuan Fiso (Ftinn) dugc so sanh voi chuan Fiso ly thuyét (tra bang). Néu Fynn < Fiy thuyét

thi ta c6 thé két luan “dd lap lai cta hai phuong phap 1a dong nhat”. Bang 2.3 dua ra gié tri F

ly thuyét. Chung ta c6 thé tim dugc pham vi rong hon ciia mirc d¢ tu do trong cac s6 tay [7].
SZ

Bing 2.3. Gid tri F = S—; véi mire d tin ciy 95% [1]
2

Mirc d6 tu do cho s, (mau Mirc dd tu do cho s, (tir sd)
s6) 2 3 4 5 6 12 20 o
2 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,41| 19,45 | 19,50
3 955| 928| 912| 901| 89| 874| 866| 833
4 694| 65| 639| 62| 616| 59| 58| 563
5 579 | 541 519 | 505| 495| 468| 456| 436
6 514 | 476| 453| 439 428| 400| 3387| 367
12 389 | 349| 326| 3,11| 300| 269 2,54 | 2,30
20 349 | 310| 287| 271 260| 228| 212| 1,34
o 300| 260| 237| 221 2,10 | 1,75 1,57 | 1,00

Vi du 1: Theo két qua 6 1an phan tich ham lwong canxi cacbonat bang phwong phap A, ta
tinh dwoc d6 léch chuin ctia phwong phap nay 1a s1 = 4,3 mg. Theo két qua 5 l4n phin
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tich ham lwong canxi cacbonat bang phwong phap B ta tinh dwoc d6 1éch chudn la s; =

2,1 mg. Hbi d0 lap lai cua cdc phwong phap cé dong nhat khong?
Gidi
Ta c6 thé tinh chuén Fiso theo (2.9):

. St (43)*
tinh 522 (2’1)2

=4,19

Theo bang 2-3, tmg vo1 mirc do tu do cho sy 1a 5 va muc d§ tu do cho s; 1a 4 thi Fig iuyé (tra

bang) = 6,26.
Vay Finh < Fiy thuyé, hay no6i cach khac 1a d6 13p lai cua hai phuong phép la déng nhat.

Vi du 2: Mot phuong phép tiéu chuan xac dinh ham lugng CO trong hdn hop khi duoc xéac
dinh véi sb 1an lp 13 v6 cung (t6i hang nghin 1an) ¢6 d6 léch chuan s = 0,21 ppm CO. St
dung mot phuong phap khac (phwong phap A) véi sb 1an 1ap 13 (mic d tu do 12) xac dinh
dugc do léch chuan s; = 0,15 ppm CO. St dung phuong phap B véi muirc do tu do 1a 12 xac
dinh duoc do léch chudn s, = 0,12 ppm CO. Hoi do lip lai ciia phuong phap A va phuong
phap tiéu chuan, phuong phap B va phuong phap tidu chuan, phuong phap A va phuong phap

B c6 dong nhat khong?
Gidi
Ta c6 thé tinh chuan Fiso theo (2.9):
Ko ge . Stziéu chuin (0'21)2
Doi voi phuong phap A: Fy = 2 = (0.15)2 =1,96
1 ’
Ko ge . Stziéu chuin (0’21)2
boi voi phuong phap B: F, = 2 = (0.12)2 =3,06
1 )

Theo bang 2.3, g véi mue do tu do s; (tr sé) = o0 va muc do tu do s, (mau sé) =13-1=12

thi Fiy thuyé (tra bang) = 2,30.

Ta thay F, < Fiy thuyét, hay noi cach khac la do lap lai cua phuong phap A va phuong phap tiéu

chuén 13 dong nhit.
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Ta thay F, > Fiy thuyét, hay noi cach khéc 1a d6 1ap lai cua phuong phép B va phuong phép ti€u
chuén 1a khong dong nht.

Chuén Fiso tinh cho hai phuong phap A va B:

o= s (015)%
tinh 522 (0'12)2

1,56

Theo bang 2.3, Gmg v&i mirc d¢ tu do s; (tir s6) = 12 va mirc d6 tw do s, (mau s6) = 12 thi Fyg

thuyét (tra bang) = 2,69.
Vay Finn < Fiy thuyé, hay n6i cach khac 1a do lap lai cuia hai phuong phap A va B 1a dé)ng nhét.

2.4. Gia tri kiém tra Q cho sé liéu nghi nge
Doi khi c6 mot gia tri nghi ngd v6i cac sb lidu con lai trong tap s6 liéu. Chiing ta co thé st
dung gia tri kiém tra Q dé gitp cho viéc quyét dinh giir lai hay bo di gia tri ¢6. Ching ta xem

Xét 5 gid tri trong tap sb lidu dudi day:

12,47 12,48 12,53 12,56 12,67
Khoang dao dong: 0,20 (= 12,67-12,47) (1a d¢ rong cia bo s6 1iu = X,pgr — Xmin)

Khoang cach 16n nhit : 0,11 (su khac biét giita s6 liéu nghi ngd va sb lidu c¢6 gia tri gan nod
nhit x4 — Xp,)

Cdu héi: Co phdi gid tri 12,67 la qud lom?

khodng caich ~ _ Xpy1—Xp

Qtinh = (2.10)

khoang dao dong o Xmax—Xmin

Néu 214 tri Qginh > Qra bang, g14 tri nghi ngd cod thé dugc loai tru. Trong vi du trén, Qginn
=0,11/0,20 = 0,55. Trén bang 2.4, chung ta tim théy 14 tr1 Qyra bang = 0,64. B61 Vi Qginh < Qira
bang N€N g14 tr1 nghi ngo nén gilr lai vé1 mure do tin cdy 90%. Gia tri 12,67 co xac suat 10% la

mot trong nhitng gia tri cua tap s6 liéu voi 4 gia tri.

Mot s6 ngudi cho rang khong nén bo di bt ky mot s6 liéu nghi ngd nao trir khi ban biét
khong pham vao 16i ndo trong qué trinh thi nghiém dé dan dén c6 s6 liéu nay. Mot sb ngudi
khac lai cho rang nén lap lai thi nghiém cho sb liéu nghi ngd thém vai lan dé nhan duoc do
tin cdy cao hon va quyét dinh s6 liéu nay c6 thé loai bo khoi tap s liéu d6 hay khong. Quyét
dinh van luén 1a cia ban va d6 1a dbi twong nghién ctru cta ban.
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Bang 2.4. Gia tri Q dé loai s6 li¢u nghi ngo [8]

S thi nghig¢m Q (miic d9 tin cay, %) S thi nghigm Q (mitc d tin cdy, %)
90 95 99 90 95 99
3 0,94 0,97 0,99 7 0,51 0,57 0,68
4 0,76 0,83 0,93 8 0,47 0,52 0,63
5 0,64 0,71 0,82 9 0,44 0,49 0,60
6 0,56 0,62 0,74 10 0,41 0,47 0,57

Néu Qrini> Oira bing, g1a tri nghi ngo co thé dwoc loai triv voi mire dg tin cdy (%) twong irng
2.5. Sai so thuwc nghiém

C6 céc sai s0 lién quan dén tat ca cac phép do. Chung ta khong c6 cach nao dé do duoc “gia
tri thuc” (true value). Trong Hoa phan tich, cach tdt nhat 1a ung dung can than cac k¥ thuat
thuc nghiém mdt cach hop ly. Viéc 1ap lai cac phép do nhiéu 1an chi cho chung ta d¢ chinh
xéc (d6 1ap lai) cua phép do. Néu cac két qua do bang cic phuong phap khac nhau véi ciing
mot dbi twong 1 nhu nhau, khi d6 chung ta ¢ thé chic chin hon két qua 1a ding, c6 nghia 14

gié tri do dugc gan vaoi “gia tri thuc”.

Gia sir nhur chiing ta xac dinh ti trong ctia mot chat khoang bang phuong phéap do khdi lwong
ctia nd (4,635+0,002 g) va thé tich (1,13+0,05 ml). Ti trong 1a ti s6 cua khdi lugng trén thé
tich: 4,635 g/1,13 ml = 4,1018 g/ml. D6 khong dam bao ctia phép do khdi lwong va thé tich 1a
+0,0002 g va £0,05 ml. Nhung céc cau hdi ¢ day 1a do khong dam bdo cia phép do ti trong
dugc tinh bang bao nhiéu va bao nhiéu chit sb c¢6 nghia duogc sir dung cho phép do ti trong
nay? Chung ta s& thao luan vé d6 khong dam bao trong céc tinh toan thuc nghiém & phan
dudi day.

2.5.1. Céc chir s6 c6 nghia

S chit s6 c6 nghia 1a s6 chir s6 tdi thiéu phai viét cia mot gia tri dua ra dé gia tri nay khong

mat di d¢ dung cua no.

Mot dit liéu phan tich thu dugc tir phép do truc tiép hodc tinh toan gian tiép phai duoc ghi
theo qui tic vé chit s6 co nghia: chi mot chir s6 cudi cuing 1a con nghi ngd, moi chit s6 con lai

1a chic chan.
Vi du: 142,7 ¢6 4 chit s6 c6 nghia, c6 thé viét dudi dang 1,427 .10%
Céc chit s6 0 dau tién 1a cac chir sb khong co nghia, cac chir sb con lai 1a cac chit s6 co nghia.
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Vidu 1: 6,302.10° = 0,000006302 c6 4 chit s6 co nghia.

Vi du 2: Can 50 mg trén cAn phén tich sai s6 + 0,1 mg, phai ghi 1a 50,0 mg hay 0,0500 g (3
chir s6 c6 nghia). Néu can trén can k¥ thuét sai s6 = 0,01g thi ghi 1a 0,05g (mot chit sb c¢6

nghia).

Vi du 3: Ldy 10 ml dung dich bang pipet chinh xéc (sai sb £ 0,02ml) thi phai ghi 1a 10,00 ml

(4 chit s6 c6 nghia).

Vi du 4: 9,25.10% ¢6 3 chit s6 co nghia.
9,250.10* c6 4 chit s6 c6 nghia.
9,2500.10* ¢ 5 chir s6 c6 nghia.

Luu ¥: Lily thira ciia 10 khong anh hudng dén s chit s6 c6 nghia.
Léy chir sé c6 nghia khi tinh todn

Khi nhan, chia hai hay nhiéu s0, két qua cuodi cung duoc lam tron bang so cd it chit s6 co

nghia nhat.

8,765 .
Vi du: T000 9,5=10,0832675 — lam tron thanh 0,0832 (ba chir s6 c6 nghia)

0,250 x 0,4000 = 0,1— phai viét 1 0,100 (ba chir s6 c6 nghia)
34,60 : 2,46287 = 14,05 (4 chit s6 c6 nghia)
4,3179.10" % 6,6.10"° = 1,6.10°° (hai chir s6 c6 nghia)

Keét qua phép cong, phép trir s€ co cung so chir s6 & bén phai cia dau thap phan co6 chir s6 co

¥ nghia it nhat.

Vi du: 22,3456 + 2,20 = 24,5456 1am tron lén thanh 24,55.
22,3446 + 2,20 = 24,5446 1am tron xudng thanh 24,54,
22,3456 - 2,2000 = 20,1456 gitr nguyén 20,1456.
Quy tic lam tron sé:
Néu chir s6 cudi cung 1a 1, 2, 3, 4: bo di
Néu chir s6 cudi cung 14 6, 7, 8, 9: bo di va ting thém 1 vao chir sb ding trude
Néu chir s6 cudi cting 1a 5: 1am tron thanh s chin gan nhat

2.5.2. Cic loai sai sb
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Bat ky mot phép do nao ciing c6 mét d6 khéng ddm bao (uncertainly), dwoc goi la sai s6
thwc nghiém. D6 khéng ddm bao 1a s6 lwong wéc tinh hodc ty 1€ phan tram ma theo do6

mot gia tri quan sat hodc tinh toan cé thé khac véi gia tri thwe [1, 3].

Cac két luan c6 thé dién ta du¢i dang do tin cly cao hay thdp, nhung bao gid cling gin
lién v&i d6 khong ddm bao. Cac sai s6 thwe nghiém dwoc phén loai thanh sai s6 hé théng

va sai s6 ngiu nhién.

Sai s6 hé théng: 1a sai s6 gy nén do sai léch cia may mdc, dung cu phéan tich, héa chit
thudc thir... Sai s6 hé thdng lam 1éch gia tri trung binh cta két qua phan tich vé mot phia
nao do cua gia tri thuc (ciing cao hodc ctung thdp), n6 lam anh hwdng dén doé ding cta
két qué phan tich. Du ta c¢6 13p lai thi nghiém thi vAn mac phai sai s6 nhw vay. Vé mait
nguyén tac, sai s6 hé théng c6 thé gidi quyét néu tim ra nguyén nhan. Tuy nhién, diéu

nay khong dé dang véi chung ta.

Vi du: Khi ching ta chuin héa thang do pH, ching ta sir dung dung dich dém pH = 7,00,
tuy nhién dung dich dém nay lai la 7,08. Do vay, khi doc gia tri pH trén thang do n6 nho
hon gia tri thwc té 0,08 don vi. Cha han nhw, ching ta doc gia tri pH cia mét dung dich
trén may do 1a 5,60, nhung thwc t&€ pH cia mau 1a 5,68. Sai s6 hé théng nay c6 thé giai

quyét bang cach sir dung mot dung dich dém thr hai da biét trudc pH.

Sai s6 ngdu nhién: 13 sai s6 thudng khong biét nguyén nhan lam cho cac sé liéu thu

dwoc dao dong veé ca hai phia ctia gia tri trung binh.

Sai sé tho: 1A sai s6 trong d6 mot dir liéu ndo d6 khdng nam trong ciing mot tap hop véi
cac dir liéu con lai, né dwoc goi l1a di liéu ngoai lai hay dit liéu nghi ngo. Nguwoi ta c6 thé
nhan ra s6 liéu ngoai lai nay bang cach xt ly thong ké dé loai chiing (phdn 2.3).

2.5.2. Do khong dam bio do tir sai s6 ngiu nhién

Chuing ta thudmg wéc tinh hay xac dinh sai s6 ngiu nhién lién quan dén mét phép do,
cha han nhw do do dai cia mot vat, hay do nhiét do cia mot dung dich. b6 khong dam
bao do cé thé dwa trén viéc ching ta c6 thé doc tét nhw thé nao trén thiét bi hay kinh
nghiém cta chung ta véi mot phép do cu thé. Néu cé thé, do khong ddm bao do dwoc
dién ta nhw 1a dd l1éch chudn hay khoang tin ciy. Chlng ta gid st rang sai s6 hé théng

dwoc phat hién va duoc xtr ly.
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Do khong dam bao do trong cdc phép cong va trir:

e=\/e12+e22+---+ei2 (2.11)

Vi du 1: Gid st ching ta thwc hién mét phép tinh s6 hoc (trong ddu ngodc don la do

khéng dam bao)

1,76 —e1
(x0,03) —e2
+1,89 «e3
(x0,02)
+0,59
(x0,02)

3,06 (teq)

Két qua 1a 3,06, nhwng ciu héi & day 1a, gia tri d6 khong ddm bao do cua phép tinh nay la

bao nhiéu?

Tl phwong trinh 2-11 ta c6 thé tinh dwoc:

e, =+/(0,03)2 + (0,02)2 + (0,02)2 = 0,04
Nhw vay cau tra 1oi la: 3,06 £0,04.

Vi du 2: Gi tri do thé tich trén mot buret 1 sy khac nhau giira gia tri doc diu va cubi. Gia
str d6 khong ddm bao clia mdi 1an doc 1a 0,02 ml, hdy tinh d6 khéng dam bao do cia

phép do thé tich.
Vi du: Gia tri doc dau la 0,05 (£0,02) va gia tri doc cudi la 12,22 (+0,02).

Gia tri thé tich doc dwoc sé 1a 12,22-0,05 = 12,17 (te).

e =+/(0,02)2 + (0,02)2 = 0,03
Vay gia tri doc dwoc cua phép do la: 12,17 £0,03 mL

Do khéng dam bdo do trong cdc phép nhan va chia
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%e = /(%e;)? + (%es)? + -+ + (%e;)? (2.12)

Vi du:

1,76(£0,03) x 1,89(+0,02) _

56+e
0,59(40,02)

Chi lay hai chir s6 c6 nghia do 0,59 chi c6 hai chir s6 cé nghia.

Yoe = J(°'°3 x 100)2 + (0'02 x 100)2 + (% x 100)2: 4%

176 1,89
Chuyén d6 khong ddm bao twong déi sang d6 ddm bao tuyét déi:
4% x 5,6 =0,2
Nhw vay ciu tra 1o cudi cung la: 5,6 (+0,2) hay 5,6 (x4%).

2.6. Cau héi on tap

1. Néu mdi quan hé gitra do 1éch chuin va dé chinh xac trong mot qua trinh phéan tich?

2. Khéi lwgng chit A chira trong mot mau 1a 45,2 mg, chit B chira trong mdt mau twong
tw 1a 215,4 mg. Gia tri xac dinh theo cuing mét phwong phap, ham lwong cua A la 45,8 mg
va B la 216,0 mg. Hay so sanh sai s6 tuyét doi va sai s6 twong doi trong hai trweong hop
xac dinh A va xac dinh B?

3. Cho mdt b s6 liéu sau:

116,0; 97,9; 114,2; 106,8 va 108,3

Hay xac dinh gia tri trung binh, dé 1éch chuin va bién gidi tin cdy véi mikc dd tin ciy
90%. St dung Qkiém ra d€ xac dinh so liéu nghi nger 97,9 trong bd sé liéu trén cé nén giir
lai hay loai bé (v&i mirc do tin cay 90%).

4. Viéc xac dinh ham lwong tap chat hitu co (ppm) trong dit cho cac két qua phéan tich
dwéi day:

98,6; 98,4; 97,2; 94,6 va 96,2 ppm. Hay xac dinh xem néu gitr gia tri nghi ngr 94,6 ppm
thi mirc do tin cdy cé dat duwoc 95% hay khong?

Néu thuc hién thém mét phép do nira dwoc két qua 1a 94,5 thi két luin trén co6 thay doi

hay khong?

31



5. Hay xac dinh dd khong dam bao (e) cho mdt phép tinh bao gom mot phép trir va mot

phép chia sau:

1,76(+0,03)—0,59(+0,02)
1,89(+0,02)

6. Néu chuin bi dung dich NH3 0,025M bang cach pha loing 8,45 (+0,04) mL cta 28,0
(2x0,5)% [ti trong cta dung dich nay l1a 0,899 (+0,003) g/mL] t&i mét thé tich 500,0

=0,62*e

(20,2) mL (st dung binh dinh mic). Hiy xac dinh do khéng dam bao ctia néng dd NH3
biét rang khéi lwgng mol cia NH3 14 17,0305 g/mol.

Bai 3. Xac dinh nong d6 dung dich HCl bang NazB407 va xac dinh nong
dd dung dich NaOH bang dung dich HCl

3.1. Xac dinh néng dé dung dich HCI bang Na,B40;
Borac decahydrat Na,B,07.10H,0 la chat két tinh mau tréng, dé tan trong nudc. N6 1a hop
chat c6 khéi lugng mol 16n, du tinh khiét dé st dung lam chat chuan gbc trong chuan do axit-
bazo. La hoa chét sdn c6 va bén v4i moi truong, nd co thé dugc st dung dé chuan do dung
dich axit manh [1].
3.1.1. Co s¢ phuwong phap

Na,B;0;=2Na" + B,02%~

B,0%™ +2H" + 5H,0 = 4H;BO;
Do trudc diém twong duong van con Na,B40; du (c6 H,B407) nén viée tinh pH réat phirc tap
[9]. Tai diém twong dwong trong dung dich c6 NaCl va H;BOs nén H3BOs sé& quyét dinh pH
cta dung dich. H;BOjs 1a don axit voi hing sb axit K, = 5,8x107'° [12]

pH =~ (pK, — logCy) = 7 (- log5.8x10™"" ~ log0,1) = = 5,12

CCT metyl d6 duoc coi 1a thich hop nhéat dé xac dinh diém tuong duong vi gia tri pH nay
nam trong khoang d6i mau ciia no.

3.1.2. Cach tién hanh

a. Pha ché dung dich chuén Na,B40O7 tir Na,B40O7.10H,O

m, c 1000

DNa2B407.10H20 VO

NNa,B,0, = > (N)
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Vi V, 1a thé tich dung dich can pha, ml.

Tinh luong cin m, (g) Na,B407.10H,0 can thiét dé pha ché 250,0 mL dung dich Na,B40;
0,10000N, biét My, 8,0, 101,0 = 381,40 g/mol.
_ CnXPNayB407.10H,0%Vo _ CNXMNayB,407.10H,0%Vo _ 0,10000x381,40%250,0

ma = =
1000 2x1000 2x1000

=4,7675g

Can Na,;B407.10H,0 trén can phan tich mdt lugng khoang m, (g) trén cbc can voi d6 chinh
xac 0,0001 g, chuyén vao binh dinh mirc 250,0 mL qua phéu. Trang rira phéu va cdc can

nhiéu 1an br:ing nude cit Am (<60 °C), lugng nudc cAt Am vira du dé hoa tan hét Na,B407.

Dinh murc bang nudc cit ngudi dén vach mirc. Lac déu cho dung dich dong nhét trude khi st

dung.

Tur luong can thuc té trén can phan tich, ching ta tinh lai néng dd dung dich Na,B,O7 da pha

che:

m,(g) 1000 (%L) m,(g) 1000 (1)
NNa,B,0, = Vol — 7T * 250mh
DN;1‘23407-1("'120 0 190’7(du'o'nglu(_mggam))

b. Pha ché néng do HCI ~ 0,IN

Axit HCI dic ¢6 d = 1,18 g/mL chira 37 % HCI nguyén chat. Néu ching ta cin pha 500 mL
dung dich HCI néng d6 khoang 0,1N thi thé tich HCI dic (V,) phai 1ay:

duwong lvong gam g
CN( L ) X Dual (du'(mg lvong gam) X Vean pha (mL)

1000 (55 x d(-£)x €%

Vi= 100

0,1%X36,461x500
Vi = x 100 =4,2 mL
1000x1,18x37
Lay 6ng dong dong khoang 4,2 mL axit HCI dic tir chai (thue hién trong ti hit) cho vao coc
c6 mo6 chtra khoang 500ml nudc cit. Sau d6 khudy déu bang diia thuy tinh cho dung dich
ddng nhat. Nong do chinh xac cua dung dich axit HCI pha ché dugc xac dinh bang dung dich
chuin Na,B,40-.

c. Xéc dinh ndng d6 HCI

- Trang rira dung cu
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- Nap dung dich HCI da pha ché vao buret, dudi hét bot khi, chinh vé vach “0” trudc
khi chuan d9.

- Léy chinh xac 10,00 mL dung dich chuin Na,B,0; d3 pha ché cho vao binh non,
thém vao d6 2-3 giot chat chi thi metyl do, dung dich c6 mau vang.

- Chuin d6 dung dich Na,B40- bang dung dich HCI dén khi dung dich vira chuyén mau
tir mau vang sang mau hong nhat. Ghi thé tich HCI tiéu ton.

- Thuc hién chuan db it nhit ba 1an (sai 1éch khong qua +0,2 mL), 14y gia tri trung binh.

3.1.3. Tinh toan

Ap dung dinh luat tac dung duong lugng dé tinh nong d6 ciia HCI:

NNaz B407 X VNazB407

NHCI = ’ (N)

Vual
Cua = Nua X Pua, (g/L)
Trong do: VNa,B,0, = 10,00 mL
Viicr: 12 gid tri thé tich HCI trung binh ctia ba lan thi nghiém, mL
Dy = 36,461 g/duong luong gam
C6 thé tinh theo ndng d6 mol/L:

2x CNazB407 X VNa2B407

Cuha = ’ (M)

Vial
Trong do: CNa,B,0,: 12 ndéng d6 (mol/L) ciia dung dich Na,B40 da pha ché.

Vi dy: Can 4,5676 g Na,B407.10H,0 dé pha ché 250,0 mL dung dich Na,B4O7 (str dung binh
dinh mtrc 250 mL). L4y chinh x4c 10,00 mL dung dich nay dem chuén d6 vé6i dung dich HCI
chua biét néng do théy thé tich HCI tiéu tén trong ba 1an chuéan d6 lan luot 1a: 10,20; 10,15 va
10,22 mL. Hay xac dinh nong do cua dung dich HCI biét khéi lugng mol ciia HCI 1a 34,461
g/mol.

Giai
Thé tich HCI trung binh ctia ba 1an thi nghiém la:

10,20+10,15+10,22

Viar= =10,19 mL
Cach 1:
N@)ng d6 dung dich Na,B407 (N) da pha ché la:
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m, (g) 1000 (b _

NNa,B,0, = T557¢ g ) X 250 (mb)
’" ‘dwong lvgng gam)
_ 4,5676g 1000 (1) _
= TooC 5 S < Z50(mby 0,09581 N

dwong lwong gam)
Nong d6 HCI (N) s& la:

NNa,B,07 X VNayB,0, _ 0,09581N x 10,00mL
Nuc1 = Vi = 10 1omL =0,09401 N

Nong d6 HCI (g/L) sé la:
Cuc1 = 0,09401N % 36,461 g/duong luong gam = 3,428 g/L.
Cach 2:

Nong d6 dung dich Na,B407 (mol/L) di pha ché 1a:

mL

_ 45676(g) 1000 ()
- 8)

3814 (-£5) 250 (mL)

CN32B4O7 = 0,04790 M

Nong d6 HCI1 (mol/L) sé la:

2.CNayB407 X VNayB40, _ 2 X 0,04790M X 10,00ml
VHal 10,19ml

Cheol = =0,09401 M

Nong d6 HCI (g/L) s& la:
Cher = 0,09401M x 36,461 g/mol = 3,428 g/L

3.2. Xac dinh néng dé dung dich NaOH bang dung dich HCI
3.2.1. Co s¢ phuwong phap

NaOH + HC1 = NacCl + H,O

bay 1a truong hop chuén d6 mot bazo manh béng mot axit manh. Gia st chuén do 100,00 ml
dung dich NaOH ndng d6 0,1000N bang dung dich chuan HCI 0,1000N thi buéc nhay pH
cuia qué trinh chuan do véi sai s6 £0,1% sé& 14 9,7 dén 4,3. Do vay ta co thé su dung chét chi
thi phenolphtalein (c6 KDM tir 8-10), metyl do (c6 KDBM tir 4,4-6,2) hodc metyl da cam (c6
KbM tir 3,1-4,4) dé xac dinh diém cudi cua qua trinh chuén do.

3.2.2. Cach tién hanh

- Trang rura dung cu
- Nap dung dich HCI da pha ché vao buret, dudi hét bot khi, chinh vé& vach 0 truée khi chuin
do.
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a. Sur dung chét chi thi phenolphtalein

- Lay chinh xac 10,00 ml NaOH & mAu binh kiém tra cho vao binh nén, thém 7-8 giot
cht chi thi phenolphtalein, dung dich c6 mau hong.

- Chuén d6 bang dung dich HCI cho t6i khi dung dich chuyén mau tir hdng sang khong
mau, ghi thé tich HCI tiéu tén.

- Thuyc hién chuén do it nhat ba 1an (sai léch khong qué +£0,2 mL), 14y gi4 tri trung binh.

b. Sir dung chét chi thi metyl da cam

- Léy chinh xac 10,00 ml NaOH & mau binh kiém tra cho vao binh nén, thém 1-2 giot
chat chi thi metyl da cam, dung dich c6 mau vang.

- Chuén d6 bang dung dich HCI cho t6i khi dung dich chuyén mau tir mau vang sang da
cam, ghi thé tich HCI tiéu t6n.

- Thuc hién chuin d9 it nht ba lan (sai 1éch khong qua +0,2 mL), léy gia tri trung binh.

3.2.3. Tinh toan

Ap dung dinh luat tic dung duong luong dé tinh néng d06 cua NaOH:

NNaon = NH;I;VHC] (N)
NaOH
CnaoH = NnaoH % Dnaon, (g/L)

Trong do: VNaon = 10,00 ml
Viicr: 12 gia tri thé tich HCI trung binh ctia 3 1an thi nghiém, mL
Praon = 39,997 g/duong lugng gam

Chung ta c6 thé tinh nong 46 NaOH theo don vi mol/L:

CHal X VHCI (M)

Craon= v
NaOH

Trong do: Ccy 12 ndng d6 cua dung dich HCI (mol/L) dugc x4c dinh ¢ phan 3.1.

Vi dy: Chuan d6 10,00 mL NaOH chua biét ndng do bang dung dich chuan HCI 0,09401 M
stir dung chét chi thi phenolphtalein. Khi chat chi thi nay d6i mau, thé tich HCI tiéu ton cho ba
lan thi nghiém 1an luot 14 9,20; 9,26 va 9,23 mL. Hay xac dinh nong do ciia NaOH biét
Mnaon = 39,997 g/mol.

Giai

Thé tich HCI trung binh ctia ba 1an thi nghiém la:
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9,20+9,26+9,23

VHCl: = 9,23 mL

Cach I:

Nong d6 NaOH (N) s& la:

Nhci X Vil _ 0,09401N x 9,23mL
VNaOH 10,00mL

NNaOH = = 0,0869 N

Nong d6 HCI (g/L) s& 1a:

Craon = 0,0869N % 39,997 g/duong luwong gam = 3,48 g/L
Cach 2:
Nong d6 NaOH (mol/L) s& la:

Cxcl X Vel _ 0,09401M X 9,23mL
VNaoH 10,00mL

Craon = =0,0869 M

Nong d6 HCI (g/L) sé la:
Craon = 0,0869M x 39,997g/mol = 3,48 g/L
3.3. Dung cu va héa chét

- Binh dinh murc 250 mL

- Céc c6 mé 100 mL, 500 mL
- biia thuy tinh

- Ong dong

- Binh nén

- Buret

- Pipet 10 mL

- Qua bop cao su

- Chét chi thi metyl d6

- Chét chi thi phenolphtalein
- Na,B407.10H,0 tinh khiét

- Can phan tich

- Cdc can hodc gidy can

- Bép dién

- Ludi amiang

- HCI dac

- Dung dich NaOH (mAu kiém tra)
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3.4. Cau héi on tap

1. Néu co so phuong phap xac dinh ndng d6 HCI tir Na,B407.10H,0?

2. Tinh khéi lugng tinh thé Na,B407.10H,0 (M =381,4 g/mol) can dé pha 250 mL dung dich
Na;B4O7 0,1N. Trinh bay céch pha. Tai sao tinh thé Na,B407.10H,0 duogc chon dé pha dung
dich chuan?

3. Néu cach tién hanh xac dinh néng d6 dung dich HCI bang dung dich Na,B40; 0,IN v&i
chat chi thi metyl d6. Tai sao ding metyl d6 (KDM: 4,4 — 6,2) 1am chi thi cua phan ung
chuén d6 nay, giai thich bang tinh toan cu thé.

Biét H3BO; la don axit c6 K, = 5,79.10™".

4. Chuan d6 10,00 mL dung dich NaOH bang dung dich HCI cung ndng do 0,1N. Tinh budc
nhay pH va pH tai diém tuong dwong. C6 thé chon nhiing chat chi thi ndo cho phép chuan do
nay. Néu cach tién hanh chuan d6 dung dich NaOH bang dung dich HCI véi chét chi thi
phenolphtalein.

Biét: KPM cua metyl da cam (3,1 — 4,4), metyl d6 (4,4 — 6,2), phenol dé (6,4 — 8,0),
phenolphtalein (8,0 — 10,0).

5. Néu cach tién hanh chuan d6 dung dich NaOH bang dung dich HCI cting ndng d6 0,1N véi
chit chi thi metyl da cam. Giai thich co ché chuyén mau ctia chat chi thi bang tinh toan cuy
thé. Biét metyl da cam (KPM 3,1 — 4,4), dang axit mau da cam, dang bazo mau vang.

6. Néu cach tién hanh chuan d6 dung dich NaOH bang dung dich HCI ciing nong do khoang
0,1M voi chét chi thi phenolphtalein (hodc metyl da cam). Néu dung dich NaOH tiép xuc lau
ngdy véi khong khi, dugc chuan d¢ bang dung dich HCI thi str dung chét chi thi nao s& chinh
xac hon, giai thich.

Biét: KPM cutia metyl da cam (3,1 — 4,4), phenolphtalein (8,0 — 10,0). Axit H,COs3 ¢6 K, =
4,46.107, Ky = 4,69.107"".

Gia st néng dé CO; bao hoa trong nude & diéu kién chuin do 1a 0,0001M.

7. Hoa tan 2,0040 g Na,B407.10H,0 bang nudc cat dén 100,0 mL (st dung binh dinh mirc
100 mL). Dung dich vira pha ché duoc dung 1am dung dich chuén dé chuan d6 axit HCI chua
biét ndng d6. Hay xac dinh ndng d6 axit HCI (N, g/L) biét rang khi chuan d6 10,00 mL dung
dich vira pha ché hét 11,20 mL HCI.

8. Hoa tan 0,2004 g Na,B407.10H,0 bang nudc cat trong binh nén, roi tién hanh chuan do
bang axit HCI str dung chit chi thi metyl do. Khi chét chi thi d6i mau, ghi duoc thé tich HCI
tiéu ton 1a 11,20 mL. Hay xac dinh ndng do axit HCI (N, g/L)?
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Bai 4. Xac dinh néng do dung dich NaOH, Na:CO3 trong hén hop bang
dung dich HCI

4.1. Phwong phap két tia Na,CO; bang BaCl,
4.1.1. Co sé phwong phap

Khi cho dung dich hén hop (NaOH, Na,COs3) tac dung voi HCI, cac phan tng xay ra lan luot

la:
NaOH + HCl =NaCl + H,O 4.1)
Na,CO; + HC1 = NaHCO; + NaCl (4.2)
NaHCO; + HC1 = H,CO5 + NaCl 4.3)

Khi phan tng (4.3) két thic, toan bd NaHCOs chuyén thanh H,COj, thanh phan dung dich
gém NaCl va H,COs, pH cua dung dich da axit, ma HyCO; c6 K, >> Ky (K, = 4,46.10*7;
Ka = 4,69.10"" [1]) nén chung ta tinh pH cta dung dich don axit yéu voi hing s phéan ly
Kai.

Chung ta lai biét ring do tan cua axit H,CO; trong nudc rat thap (ndng d6 H,COs trong nude
khoang 10™*M).

H,CO; = HCO;+ H’
Cb 0,0001—x X X
2
Ko =———=446.10"7 —x=10>""M—pH=5,18
0,0001—x

Néu trong dung dich c6 chit chi thi metyl d6 co6 KPM (4,4-6,2) thi dung dich s& d6i mau tir

vang sang hong.

Sau diém tuong duong du 0,1% HCI, pH cta dung dich axit manh (chung ta c6 thé bo qua su
phan ly proton ciia da axit yéu), pH ctia dung dich = 4,3.

Néu trong dung dich c¢6 chat chi thi metyl da cam (c6 KDM 3,1-4,4) thi dung dich s& d6i mau

tor mau vang sang mau da cam.

Khi chat chi thi metyl da cam doi mau, ghi thé tich V123 b (thé tich HCI tac dung voi toan
bo NaOH va Na;CO3).
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bé xé4c dinh duge luong HCl can thiét tac dung voi chi riéng NaOH, ching ta két tha Na,CO;

trong hon hop bang BaCl, du:

BaCl, + Na,CO; = BaCOs | + NaCl (4.4)

Str dung chét chi thi phenolphtalein biét duoc thé tich V; yci tdc dung chi riéng véi NaOH:

NaOH + HCl1 = NaCl + H,0O 4.5)

Twr d6 suy ra thé tich V2,3 vew thé tich HCI tac dung riéng voi Na,COj:

Vasuac = Vizsaa—Viaa

4.1.2. Cach tién hanh

Trang rira dung cu

Nap dung dich HCI da x4c dinh néng dd vao buret, dudi hét bot khi, chinh dén vach
“0” trude khi chuan do

Léy chinh xac 10,00 mL hon hop NaOH, Na,COs; cho vao binh nén, thém 1-2 giot
chat chi thi metyl da cam, dung dich c6 mau vang.

Chuan d6 bang dung dich HCI cho téi khi dung dich chuyén mau tir vang sang vang
da cam, ghi thé tich Vi23ncitiéu ton.

Thuc hién chuén do it nhét ba 1an (sai 1éch khong qua +0,2 mL), léy gia tri trung binh.
Lay chinh x4c 10,00 mL hén hgp cho vao binh nén, két tia bang 5-7 mL dung dich
BaCl,, khong can loc két tia, thém 7-8 giot chét chi thi phenolphtalein, dung dich c6
mau hdng.

Chuan d6 bang dung dich HCI cho t&i khi dung dich mat mau hong, ghi thé tich V| g
tiéu ton.

Thuc hién chuén dd it nhét ba 1an (sai 1éch khong qua +0,2 mL), léy gia tri trung binh.

4.1.3. Tinh toan
Nong d6 ctia NaOH dugc tinh theo cong thirc:

_ Vina X Nya
Nyaon=—~"—"", N)
hon hop
Cnaon = Nnaon X Pnaons, (g

Néng dd cua Na,COs dugc tinh theo cong thirc:

_ (Vi23u0~V1 1e1) X Nual
NNa,co;= Vaom bon ; N)
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CNa,co; = NNa,co; % PNaycoss (gM

Trong do:

Vhf)n h0p= 10,00 mL
V, cp: 12 thé tich HCI tiéu ton cho phan Gng (4-5) duge tinh trung binh tir ba

1an thi nghiém (khi chét chi thi phenolphatalein d6i mau).
Vizznuc: la thé tich HC1 phan mg vira di v6i ca NaOH va Na,COs duoc tinh
trung binh tir ba lan thi nghiém (khi chét chi thi metyl da cam d6i mau).

DPna,co,= 105;98 = 52,999 g/duong lugng gam

Praon = 39,997 g/duong lugng gam

Chung ta c6 thé tinh néng do NaOH, Na,CO; theo don vi mol/L:

v C
Craon = I‘I;CI—XHCI ’ M)
hon hop
_ (Viz3ua=-V1ua) X Cua
CNaz CO3™— 2 X Vs hop ’ (M)
Trong do: Crc 14 ndng d6 dung dich chuan HCI (mol/L).

Vi dy: Chuan d6 10,00 ml hn hop NaOH + Na,COj5 theo phuong phap ding két tia Na,COs

bang BaCl, thu dugc két qua sau: sau khi thém BaCl, du vao hdn hop ding chét chi thi

phenolphtalein thay thé tich HCI trung binh tiéu ton cho ba 1an chuan d¢ lan lugt 1a 4,10; 4,20
va 4,15 mL. Khi chuén d6 10,00 ml hon hop NaOH + Na,COs str dung chét chi thi metyl da
cam théy thé tich HCI tiéu ton cho ba lan chuén do lan luot 1 10,20; 10,10 va 10,15 mL. Hay

xac dinh néng d6 mol/L va néng do g/L cua NaOH va Na,COs trong hon hop, cho biét néng
dd cua HC11a 0,1002 M.

Giai:

Céc phuong trinh phan tng (4.4) va (4.5) xay ra

4,10+4,20+4,15

Khi chét chi thi phenolphtalein d6i mau V; g = 3 =4,15mL

. . — 10,20+10,10+10,15
Khi chat chi thi metyl da cam d6i mau V; ; 3 g = 2 =10,15 mL
Cdch I:

Nong d6 ciia NaOH (N) trong hdn hop 1a:

NNaoH

v x N 4,15mL X 0,1002N
— V1HCI HCl _ =0,04I6N
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Cnaon = 0,0416N x 39,997 g/duong lugng gam = 1,66 g/l
Nong d6 ctua Na,COs (N) trong hdn hop 1a:

\' -V x N (10,15—4,15)ml x 0,1002N
NNa2C03: ( 1,2,3 HCI 1HC1) HCI — — 0,0601N

Cnayco,= 0,0601N x 52,999 g/dwong lugng gam = 3,19 g/L
Cédch 2:

Nong d6 ciia NaOH (M) trong hdn hop 1a:

ViHcl X Cyel _ 4,15mL x 0,1002M
Craon= =

=0,0416 M

Craon = 0,0416M % 39,997 g/mol = 1,66 g/L
Nong d6 ciia Na,COs3 (M) trong hdn hop 1a:

\' Hcal—Viucl) X Cyar  (10,15—4,15)mL x 0,1002M
CNa CO,» ( 123 L ) = = 0,0301M
2-Y3 2.Vh3n hop 2.10,00mL

Chayco,= 0,0301M x 105,998¢/mol = 3,19 g/L
4.2. Phwong phap dung hai chét chi thi
4.2.1. Co s¢ phuwong phap

Khi cho dung dich hdn hgp (NaOH, Na,COs) tac dung v6i HCI, cac phan Gmg xay ra lan luot

la:

NaOH + HCI = NaCl + H,0 (4.6)
Na,COs + HCI = NaHCO; + NaCl (4.7)
NaHCO; + HCI = H,CO; + NaCl (4.8)

Két thuc phan ng (4.6) va (4.7), dugc thanh phﬁn cua dung dich 1a NaCl va NaHCO3, chiing

ta s& tinh pH cta chét ludng tinh:
PH =~ (pKy1 + pKy2) = (6,35+10,33) = 8,34

Néu trong dung dich c6 chét chi thi phenolphtalein (c6 KPM tir 8-10) thi ¢ thoi diém nay

dung dich s& mat mau hong.
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Khi chat chi thi phenolphtalein doi mau, ghi thé tich Vi2na (thé tich HCI danh cho phdn
ung 4.6 va 4.7).

. : . . K . Y | , )
Chung ta thay H,COj3 c6 hang s6 axit Kil < 10*, bu6e nhay ¢ diém tuong duong cia phan
a2

tmg 4-7 (tao thanh NaHCOj3) khong du 16m, boi vay viée doi mau cua chét chi thi & diém nay

khong 13 rang va do d6 viéc xac dinh diém twong duwong kém chinh xAc.

Mit khac, Ky, cia CO3~ qué nho, budc nhdy & DTD cua phan (g 4-8 khong rd rang.

Mot trong nhimg nguyén nhan 1am giam d6 chinh xac ctia phép xac dinh con do sy héap thy
CO, trong khong khi (hodc trong nuéc), vi thé ma mot phan NaOH bién thanh Na,CO; ngay
trong khi chuén d6. Do d6 khi phan tich can:

- Pha loang dung dich can phén tich bang nuéc khong chira CO,.
- Chuan d6 dung dich ngay khi lay hon hop.

- Khi gan két thac chuan do (véi chdt chi thi phenolphtalein) thém HCl cham dé tranh tao
H2C03 tw do.

- Khéng lic dung dich qua manh néu khong s& ting cudng su hap thu CO,.

- Duing mét luong phenolphtalein twong dbi 16n (7-8 giot), néu dung it thi chét chi thi c6 thé
mat mau sém trude diém twong dwong do phenolphtalein nhay voi CO,.

Khi phan tmg (4.8) két thuc, toan bd NaHCO; chuyén thanh H,COs, chiing ta ¢6 thé tinh pH
cua dung dich da axit. Mat khac, do H,COs c6 K,; >> K, nén chung ta tinh pH cua dung dich

don axit yéu v6i hang sé phan ly K.

Chung ta lai biét rang d6 tan cua axit H,CO; trong nudc rat thap (ndng dd H,COs trong nude
khoang 10~*M).

H,CO; = HCO;+ H'
Cb 0,0001—x X X

2

=446.107 —>x=10""M—pH=5,18

al

©0,0001—x
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Néu trong dung dich c6 chat chi thi metyl d6 c¢6 pT = 5 thi dung dich s& d6i mau tir vang sang
héng.

Sau diém tuong duong du 0,1% HCI, pH cta dung dich axit manh (chung ta c6 thé bo qua su
phan ly proton cta da axit yéu), pH cua dung dich = 4,3.

Néu trong dung dich c6 chit chi thi metyl da cam thi dung dich s& d6i mau tir mau vang sang

mau vang da cam.

Khi chat chi thi metyl da cam doi mau, ghi thé tich V123 Ha (thé tich HCI tac dung voi toan
bo NaOH va Na,COj3).

4.2.2. Céch tién hanh

- Trang rura dung cu

- Nap dung dich HCI da x4c dinh néng d6 vao buret, dudi hét bot khi, chinh dén vach “0”
trude khi chuén do.

- Léy chinh xac 10,00 mL hdén hop cho vao binh nén, thém 7-8 giot chit chi thi
phenolphtalein, dung dich c6 mau hong.

- Chuan d6 bang dung dich HCI cho t6i khi dung dich chuyén mau hong sang khong mau, ghi
thé tich V5 e tiéu ton.

- Thém tiép chat chi thi metyl da cam vao binh nén, dung dich c6 mau vang.

- Chuan d6 tiép bang dung dich HCI cho t¢i khi dung dich chuyén mau tir vang sang vang da
cam, ghi thé tich V3 g tiéu ton.

- Thyc hién phép chuan d¢ it nhat ba 1an (sai léch khong qua +0,2 mL), 14y gia tri trung binh.
4.2.3.Tinh toan

Nong d6 cia NaOH dugc tinh theo cong thirc:

_ (2xVi2na-V123na) X Nua
Nnaon= v ) N)
hon hop
Cnaon = Nnaon X Pnaons, (g/h

Néng do cua Na,CO; dugc tinh theo cong thurc:

_ 2x(V123ua-V1,2 nc1) X Nua
NNa,co;= Ve ) N)
hon hop
CNa,co; = NNa,c0o; % PNaycoso (gM

Trong do: Vhan hop= 10,00 mL
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Vi 2 et 12 thé tich HCI tiéu ton cho phan tng (4.6) va (4.7) duoc tinh trung
binh tir ba 1an thi nghiém (khi chét chi thi phenolphatalein d6i mau)
Vizznc 12 thé tich HCI phan tng vira du v6i ca NaOH va Na,COs duoc tinh

trung binh tir ba 1an thi nghiém (khi chat chi thi metyl da cam d6i mau)

Chung ta c6 thé tinh né)ng d6 NaOH, Na,CO; theo don vi mol/L:

CraoH = (2xVy2 Hc1v—‘~71,2,3 Het) X Chcl , M)
hon hop
_ (Vizzua-Vi2ua) X Cua
CNa,c0o5= v , ™M)
hon hop

Trong do: Crcr 14 ndng d6 dung dich chuan HCI (mol/L)

Vi dy: Chuan d6 10,00 mL hdn hop NaOH + Na,CO; theo phuong phap dung hai chit chi thi
thu dugc két qua sau: khi dung chét chi thi phenolphtalein thay thé tich HCI tiéu tén cho ba
lan chuan d¢ lan luot 13 7.20; 7,10 va 7,30 mL va khi str dung cht chi thi metyl da cam thay
thé tich HCI tiéu tén cho ba lan chuan do lan luot 1a 11,20; 11,30 va 11,40 mL tiéu ton 11,30
mL. Hiy xac dinh nong d6 mol/L va nong d6 g/L cia NaOH va Na,CO; trong hdn hop, cho
biét ndng d6 cua HCI 1a 0,1000 M.

Giai:

Cac phuong trinh phan ing xay ra: (4.6), (4.7) va (4.8)

7,20+7,10+7,30

Khi phenolphthalein d&i mau - V; , ¢ = =7,20 mL

11,20+11,40+11,30
3

Khi metyl da cam d&i mau - Vy 5 3 yci= =11,30 mL

Vhénhep = 10,00 mL

Cuc=0,1000 M

Cdch 1:

Nong d6 ciia NaOH (N) trong hdn hop 1a:

N _ (2xV12 uc1-Vi23 1) X Nucl
NaOH =

Vhén hop

_ (2x7,20-11,30)ml x 0,1000N
10,00 ml

= 0,03100N

Craon = 0,03100N x 39,997g/duong lugng gam = 1,240 g/L

N@)ng dd cua Na,COs (N) trong hdn hop la:
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2x(Vy23Hc1=Vizuel) X Nuel _ 2 X (11,30-7,20)mL X 0,1000N

NNa,co,~ Vhén hop 10,00 mL = 0,08200N
CNa,co, = 0,08200 N x 52,999 g/duong lugng gam = 4,346 g/L
Cdch 2:
Nong d6 cia NaOH (M) trong hdn hop 1a:
C _ (2xViana—Vizs Ha) X Cual
NaOH — Vo
hon hop
_ (2x7,20-11,30)ml X 0,1000M _ 0,03100M
10,00 ml
Craon = 0,03100M x 39,997g/mol = 1,240 g/L
Nong d6 ctia Na,CO;3 (M) trong hdn hop la:
_ (Viz3ua-Vizual) X Cual _ (11,30-7,20)ml X 0,1000M
CNa,cos= T— = 0.0 m] = 0,04100M

Chayco, = 0,04100 M x 105,998 g/mol = 4,346 g/L

4.3. Dung cu va héa chat

- Céc c6 mé 100 mL

- Ong dong

- Binh nén

- Buret

- Pipet 10 mL

- Qud bop cao su

- Chét chi thi phenolphtalein, metyl da cam

- BaCl, 5%

- Dung dich HCl

- Dung dich hdn hgp NaOH + Na,COs (mau kiém tra)

4.4. Cau héi 6n tap

1. Viét phuong trinh phan tng cta qua trinh CO, trong khong khi tham nhap vao dung dich

kiém dé gidi thich su c6 mat ctia Na,COs; trong dung dich.

2. Néu cach tién hanh chuin d6 hdn hop NaOH va Na,COs bang dung dich HCI st dung hai
chit chi thi, cong thirc tinh toan két qua phan tich, tai sao n6i phuong phap chuan d6 nay kém

chinh xac?
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Biét: Axit HyCOs c6 Ky =4,46.107, Ko = 4,69.10 .

CCT KbM Mau dang axit Mau dang bazo
Metyl da cam 3,1-44 Da cam Vang
Phenolphtalein 8,0-10,0 Khong mau b

3. Néu cach tién hanh chuin d6 hdn hop NaOH va Na,CO; bang HCI ¢6 st dung BaCl, dé
két tia hét Nay,COs, cong thire tinh toan két qua phan tich. C6 thé dung chat chi thi metyl da
cam dé chuén do khi c6 mat két tia BaCO, hay khong, tai sao?

Biét: metyl da cam c6 khoang d6i mau 3,1- 4,4

4. Khi chuan do dung dich hon hop NaOH, Na,COs sir dung BaCl, dé két tua C 03, néu
chung ta khong loc két tia thi c6 thé ding metyl da cam dé xac dinh diém twong dwong hay
khong?

5. Néu céch tién hanh chuén do hoén hop NaOH va Na,CO; b'flng HCI ¢6 st dung BaCl, dé
két tiia hét Na,COs, cong thirc tinh toan két qua phén tich. Trinh bay cach kiém tra CO%~da bi
két tia hét hay chua.

6. Chuan d¢ 20,00 mL hén hop NaOH + Na,COs theo phuong phap dung hai chat chi thi thu
duoc két qua sau: khi dung chét chi thi phenolphtalein thiy thé tich HCI tiéu ton 1a 14,25
mLva khi str dung chit chi thi metyl da cam thay tiéu tén 21,34 mL. Hay xac dinh nong do
duong luong va nong do g/L ciia NaOH va Na,COs trong hdn hop biét ndng do cia HCI 1a
0,1116 M.

7. Chuan d6 10,00 mL hdn hgp NaOH + Na,COs theo phuong phap dung két tia Na,CO;
bang BaCl, thu dugce két qua sau: sau khi thém BaCl, du vao hdn hop ding chét chi thi
phenolphtalein thay thé tich HCI tiéu ton 1a 4,60 mL. Khi chuan d6 10,00 mL hon hop NaOH
+ NayCOs sir dung chét chi thi metyl da cam théy tiéu tén 10,30 mL. Hay xac dinh nong do
duong luong va néng do g/L ciia NaOH va Na,COs trong hdn hop biét nong do cua HCI 1a
0,1082 M.
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Bai 5. Xac dinh nong d6 NaOH bang Kali hydro Phthalat va xac dinh
nong do HCl, HsPO4 trong hon hop bang dung dich chudn NaOH

5.1. Xac dinh nong d6 NaOH bang Kali hydro Phthalat

5.1.1. Co sé phwong phap

Kali hydro phthalat, thwong dwoc goi don gian 1a KHPh, 1a mot hop chat muoi axit. N6 c6
dang bot trang, tinh thé khong mau va khi tan trong nuwéc 12 dung dich khong mau. N6 c6
tinh axit va thuwong duoc sit dung nhw mot chat chuin goc trong chuin do axit-bazo vi
né 1a hop chit 6n dinh, bén trong khong khi, c6 khéi lwgng mol 16n (204,233g/mol), dé
cin chinh x4c. Tuy nhién, n6 c6 tinh hit 4m nhe, nén thuwong dwoc gitr trong binh hiat am
trude khi dem st dung. Ngoai cac tinh chat vira néu trén, d6 pH cia KHPh trong dung

dich 1a rat 6n dinh nén né cling dwoc dung nhw mét chat géc dé chudn hoa thang pH.

Trong nwéc KHPh phan ly hoan toan thanh cation K+ va anion hydro phthalat
HPh~(phdn ttng 1). KHPh dwoc str dung dé chuin d6 mét bazo, vi du nhw NaOH (phdn

wng 2).

0 0
OK ; o LK (1)
OH OH

0 o

o 0
o o

+ OH > +H,0  (2)

OH o

5 o

Tai diém twong dwong, pH cha dung dich dwgc tinh theo pH cia moét da bazo yéu

Phthalat. Axit phthalic ¢6 Ka1 = 1,12.10-3 va Kaz = 3,9.10-6. Do viy, ta c6 thé tinh dwoc

48



Kp1 va Kpz twong trng ctia bazo Phthalate 1a 2,5641.10-° va 8,9.10-12. Do Kp2 nh6 hon kha
nhiéu so v&i Kp1 nén co6 thé coi sw phan ly ra OH- cia da bazo phathalat do nic thir nhat

la ch yéu. Gia sir néng d6 ctia bazo phathalat 1a 0,10M, khi do:

Ph?2- + H0 = HPh- + OH-

Cb 0,1-x X X
xZ 2
= Kp1 & =2,5641.10-°
0,1—x 0,1—-x

—x=[0H-]=10-480M — pOH = 4,80 - pH =9,20

pH tai diém twong dwong 1a 9,20, chat chi thi thich hop dé€ xac dinh diém twong dwong
cta phan rng chuin do cé thé 1a phenolphthalein (c6 KPM tir 8-10) [10].
5.1.2. Céch tién hanh

a. Pha ché dung dich chuan KHPh

Nknpn = ﬁx%go,(N) (5.1

V6i V, 1a thé tich dung dich can pha, mL

Tinh lugng cin m, (g) KHPh can thiét dé pha ché 250 ml dung dich KHPh 0,10000M, biét
MKHPh = 204,233 g/mOII

0,10000N x 204,233 (———2 ) x 250,0 mL
Cn X Dgyph X Vo ’ ’ (du(rng lwong gam) ’
= = =5,1058 g

1000 1000

m,

Can KHPh trén cin phéan tich mot lugng khoang m, (g) trén cbc can voi do chinh xac
0,0001g, chuyén lugng cin vao binh dinh mtrc 250,0 mL qua phéu. Trang rira phéu va cdc
can nhiéu 1an bang nudc cat 4m (<60 °C), lugng nudc cit 4m vira du dé hoa tan hét KHPh.

Dinh murc béng nudc cat ngudi dén vach murc. Lic déu cho dung dich déng nhat truge khi sir

dung.

Ttr lwong can thuc té trén can phan tich, chung ta tinh lai ndng d6 dung dich KHPh da pha:

Ta_ 1000 _ m, (g) . 1000 (5.2)
Pgupn Vo 204.233(4) 250ml .

duong lvong gam

Nkupn =

b. Chuan d6 dung dich NaOH

- Trang rura dung cu
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- Nap dung dich NaOH vao buret, dudi hét bot khi, chinh dén vach “0” trude khi chuin do

- L'Qiy chinh xac 10,00 mL dung dich KHPh cho vao binh noén, thém 7-8 giot chét chi thi
phenolphtalein, dung dich khong mau.

- Chuén d6 bang dung dich NaOH cho t6i khi dung dich chuyén mau tir khong mau sang mau
hdng, ghi thé tich NaOH tiéu ton.

- Thyc hién phép chudn d¢ it nhat ba lan (sai léch khong qua +0,2 mL), 1dy gi4 tri trung binh.
5.1.3. Tinh toan

Ap dung dinh luat tic dung duong luong:

_ Vkaph X NkHPh
NNaoH = B )
NaOH

Trong do: Vkupn= 10,00 ml
VNaon 12 thé tich NaOH tiéu tén duoc tinh trung binh tir ba lan thi nghiém (khi
chat chi thi phenolphatalein d6i mau)
Niwrn 12 néng do cua dung dich chuian KHPh di pha ché va duoc tinh theo
cong thirc 5.2

Chung ta c6 thé tinh nong d6 cia NaOH theo don vi mol/I:

_ Vknph-CkHph
CNaOH_ v ’ (M)
NaOH

Trong do: Cxapn 14 ndng d6 ctia dung dich chuan KHPh (M) da pha ché.

Vi du: 2,4034g Kali hydro Phthalat (204,233g/mol) dwgc pha ché thanh 250 mL dung
dich. Liy chinh xac 10,00 mL dung dich nay chuin d6 xac dinh néng d6 dung dich NaOH
thiy tiéu ton cho ba Iin thi nghiém lan lwot 1a 9,24; 9,28 va 9,32 mL (chat chi thi
phenolphtalein d6i mau). Hay xac dinh néng dé6 NaOH (M, g/L).
Giai:
Phuong trinh phan tng chudn do la:
HPh™ + OH = Ph* + H,0

9,24+9,28+9,32

Thé tich NaOH trung binh: Vy,ou= =9,28 ml
Chung ta c6 thé xac dinh ndng do theo hai cach.
Cach I
Nong d6 KHPh (N) da pha ché:
_ ma 1000 _ 2,4034(g) 1000 _
Nirpn = Prurn . Vo  204233—— 8 ) “250,0mL 0,04707N

dwong lwong gam)
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Nong d6 NaOH la:

VKHPh X NKHPh _ 10,00ml X 0,04707N

NNaOH= Vnaom 9,28mL = 0,0507N
Craon = 0,0507N % 39,997g/duong luong gam= 2,03 g/L
Cach 2:
Nong do KHPh (M) da pha ché:
Cyp= 2, 1000 _ 2,4034(gg) __1000 _ 0.04707 M
MxHuPh Vo 204,233(@) 250,0mL
Nong d6 NaOH la:
_ VkHpPh X CKHPh _ 10,00ml x 0,04707M _
Craon= Voow 5 25m] =0,0507M

Craon = 0,0507M x 39,997g/mol = 2,03 g/L
5.2. Xac dinh ndng d6 HCI va H3;PO, trong hén hop bang dung dich chuan
NaOH
5.2.1. Co sé phuwong phap

Chuin d6 mot hon hop hai axit bing mot bazo manh, cic phan ng xay ra lan lwot 1a:

NaOH + HCI = NaCl + H20 (5.3)
NaOH + H3PO4 = NaH2PO4 + H20 (5.4)
NaOH + NaH2P04 = Na;HPO4 + H20 (5.5)
NaOH + NazHPO4 = Na3zPO4 + H20 (5.6)

Qua trinh chudn dd hén hop HCl+H3PO4 1a mdt qua trinh phitc tap mic di H3PO4 12 mot
da axit yéu (Ka1 = 7,11.103, Ka2 = 6,32.108, Ka3 = 4,5.10-13 [2]). Chung ta phai tinh t&i
nong dé H* do sy phan ly cia H3PO4 & ndc thr nhit néu phan &ng chuin d6 dang dwoc
thwc hién & phan ttng (5.3) do Ka1 cia H3PO4 khong qua nhé. Dang dwong chudn d6 hon
hop HCI+H3PO4 bang NaOH dwoc minh hoa trén hinh 5.1. Ching ta nhén thiy c6 hai
buéc nhay pH. O buéc nhay thir nhit ¢ng véi phan tng (5.4) vira két thic. O budc nhay
th& hai ®ng véi phan &ng (5.5) vira két thac.

Tai diém twong dwong cia phan rng 5.4, pH cia dung dich chit lwéng tinh NaH2PO4 (gia

st c6 nong d6 0,1M):

H,PO; = H* +HPO%~ Kaz

HPOZ™ + H* = HsPO, —
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pH =3 (PKan + pKiz) = (2,15 +7,20) = 4,68

Chat chi thi metyl da cam (khoang pH d6i mau 3,1 dén 4,4) [1] c6 thé duoc st dung dé

xac dinh diém twong dwong.

12,0.00

pH /
10,0.00

8,0.00 /

6,0.00
4,0.00
2,0.00 -
V, ml
,0.00 . . . .
,0.00 10,0.00 20,0.00 30,0.00 40,0.00 50,0.00

Hinh 5.1. Dang dwong chudn dé hon hop (HCI+H;P0,4) bang NaOH

O diém twong dwong ciia phan @ng (5.5), pH ctia chat lwéng tinh NazHPO4:

HPOZ~ = H+ +P03" Ka3

HPO2~ +H* = H,PO; ~
a2

pH = % (pKaz + pKaz) = % (7,20 +12,35) =9,80

Chét chi thi phenolphtalein (khoang pH d6i mau 8 dén 10) [1] ¢ thé dwgc st dung dé

xac dinh diém twong dwong.

Nhuw vy, chidng ta cé thé st dung chat chi thi metyl da cam va phenolphtalein dé xac

dinh tirng thanh phan axit trong hon hop.
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5.2.2. Cach tién hanh

- Trang rura dung cu

- Nap dung dich NaOH vao buret, dudi hét bot khi, chinh dén vach “0” trude khi chudn do

- LAy chinh x4c 10,00 mL hon hop hai axit cho vao binh nén, thém 1-2 giot chit chi thi metyl

da cam, dung dich c6 mau da cam.

- Chuan d6 bang dung dich NaOH cho t6i khi dung dich chuyén mau tir da cam sang vang,

ghi thé tich NaOH tiéu tén V| 5 naom.

- Thém tiép 5-7 giot chét chi thi phenolphlein vao vao binh nén (khi dé6 dung dich van la

mau vang), chuln do tiép t&i khi dung dich chuyén sang mau hong thi két thic chuin do,

ghl thé tich V1,2,3 NaOH-

- Thyc hién phép chudn d¢ it nhat ba lan (sai 1éch khong qua +0,2 mL), 1dy gi4 tri trung binh.

5.2.3. Tinh toan

Nong d6 HCl trong hdn hop duoc tinh theo cong thirc:

Nurerm (2xV1 2 Naon—V1,2,3 Naon) X NNaoH
HCI—™ v ’
hén hop

Cuca = Nua X Puci,

Nong d6 H3PO, trong hdn hop dugc tinh theo cong thirc:

N — 3x (‘71,2,3 NaOH_Vl,Z NaOH) X NNaoH
H3P0O,~ - ,
vh()n hop

Cu,ro, = NHypo, X Pu,pro,s

Trong do: Vhénhop = 10,00 mL

™)

€4))

™)

¢4))

V1 2 Naow 18 thé tich NaOH tiéu tén danh cho phan tng (5.3) va (5.4) dugc tinh

trung binh tir ba lan thi nghiém (khi chét chi thi metyl da cam d6i mau)
V1 2.3 Naon 12 thé tich NaOH tiéu tén cho phan ung (5.3), (5.4) va (5.5) duoc

tinh trung binh tir ba lan thi nghiém (khi chét chi thi phenolphatalein d6i mau)

Cnaon 12 ndng d6 cua dung dich chuan NaOH (d3 x4c dinh ndng d6 ¢ phan

5.1)
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Py = 36,461 g/duong luong gam

bPu,po,= 97':95 = 32,665 g/duong lvong gam

Vi dy: Chudn d6 10,00 mL dung dich hon hop HCl va H3PO4 bang dung dich chudn NaOH
0,0507M. DPAu tién chit chi thi metyl da cam dwoc dwa vao, khi chit chi thi ndy d6i mau
thay thé tich NaOH tiéu ton cho ba Ian thi nghiém lan lwot la: 5,80; 5,86 va 5,82 mL. Sau
d6 chit chi thi phenolphtalein dwoc thém vao va khi chit chi thi nay d6i mau sang hong
thay thé tich NaOH tiéu t6n cho ba lan thi nghiém lan lwot 1a 7,25; 7,20 va 7,28 mL. Hay
xac dinh ndng do ctia HCl va H3PO4 trong hon hop.

Giai:
Phuong trinh phan tmg chuan do: (5.3), (5.4), (5.5) va (5.6)
Vi 2 NaoH 12 thé tich NaOH tiéu tén danh cho phan ung (5.3) va (5.4) dugc tinh trung binh tir
ba lan thi nghiém (khi chét chi thi metyl da cam d6i mau)

- 5,80+5,86+5,82
Vi2 NaoH = B 5,83 mL

V1 23 NaoH 12 thé tich NaOH tiéu ton cho phan tmg (5.3), (5.4) va (5.5) duoc tinh trung binh

tir ba lan thi nghiém (khi chét chi thi phenolphatalein doi mau)

7,25+7,20+7,28

V123 NaOH = =724 mL

Nong do HCI trong hon hop la:
o (2)(‘_/1'2 NaOH—VLZS NaOH) X NNaoH _ (2)(5,83—7,24-))( 0,0507

Nucr= A 10.00 =0,0224N

Cuci = Nucr X Pacr = 0,0224N % 36,461g/duong lugng gam = 0,817 g/L

Nong d6 HsPO, trong hdn hop 1a:

3x(V 23N OH_V 2 NaOH) X NNaoH 3%(7,24-5,83) X 0,0507
NH,po,= (V122 12 Nson) X Nnaon _ =0,0214 N
34 Vhan hop 10,00

Ch,po, = Nu,p0, X Pu,po,= 0,0214N x 32,665 g/duong lugng gam = 0,699 g/L

5.3. Dung cu va hoéa chat

- Cbc c6 mo 100 mL
- Binh non
- Buret

- Pipet 10 mL
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- Qua bop cao su

- Chét chi thi phenolphtalein, metyl da cam

- Kali hydro phthalat tinh khiét

- Dung dich NaOH

- Dung dich hén hop HCI + H3PO4 (mau kiém tra)

5.4. Cau hoi on tap

1. Néu co so phuong phap xac dinh NaOH bang Kali hydro Phthalat.

2. Tinh khéi lugng tinh thé KHPh (M = 204,233 g/mol) can dé pha 250 ml dung dich KHPh
0,1M. Trinh bay céach pha. Tai sao tinh thé KHPh duoc chon dé pha dung dich chuin géc?

3. Néu cach tién hanh chuin do hdn hop HCI va H3sPOj4 st dung hai chét chi thi, cong thirc
tinh toan két qua phan tich. Cho biét KPM ciia metyl da cam (3,1 — 4.4), phenolphtalein (8,0
—10,0). Axit HiPO4 c6 Koy =7,11.107, Ko = 6,32.10°°, Ky3 =4,5.10 .

3. 2,5058¢g Kali hydro Phthalat (204,233g/mol) dwgc pha ché thanh 250 mL dung dich.
LAy chinh xac 10,00 mL dung dich nay chudn d6 xac dinh néng dd dung dich NaOH thay
tiéu tén 9,24 mL. Hay xac dinh nong d6 NaOH (N, g/L).

Sau khi xac dinh xong néng do cta dung dich NaOH, dung dich nay dwoc st dung dé
chuin d6 10,00 mL dung dich hdn hop HCl va H3PO4. Dau tién chit chi thi metyl da cam
dwoc dwa vao, khi chat chi thi nay d6i mau thay tiéu ton hét 5,60 mL dung dich NaOH.
Thém tiép chit chi thi phenolphtalein vao va khi chit chi thi nay d6i mau sang hong thiy
tiéu tén 9,56 mL. Hay xac dinh ndng do ctia HCl va H3PO4 trong hon hop.

Bai 6. Xac dinh nong do KMnO. st dung H2C204.2H20 va xac dinh nong
do FeS0O4 bang dung dich KMnO.

6.1. Xac dinh nong dé6 KMnO, str dung H.C,04.2H,0

KMnO4 khong dugc su dung nhu mot chit chuan géc vi mQt luong nhé két tia MnO, c6 thé
c6 mit. Ngoai ra khi pha lodng bang nudc cit, nude cat thuong chira cac tap chat hitu co du
dé khir MnO; vé MnO,. Chuén bi dung dich gbc c6 ndng do 0,02M, chiing ta hoa tan KMnO,

trong nudc cit, dun soi trong mot gid dé day nhanh phan tng gitta MnO7 véi tap chét hitu co,
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sau d6 loc bang phéu loc thuy tinh dé tach phan két tha MnO,. Khong dugc sir dung gidy loc

(chdt hitu co la mét van dé!). Bao quan dung dich KMnO, trong binh thay tinh mau tdi.
Dung dich KMnO, khong 6n dinh do phan tmg:
MnOj +2H,0 — 4MnO;,; + 30, + 40H

Phan tng dién ra cham trong su c6 mat cia MnO,, Mn?', nhiét, 4nh sang, cac axit, bazo.
Chinh vi vay KMnOj, phai duoc chuén d6 lai dé dung cho cac cong viéc doi hoi chinh xac.
6.1.1. Co sé phuwong phap
Trong moi trudng axit axit manh:

2 | MnOj +5¢ +8H' = Mn®" + 4H,0 Mnoz /Mnz+ = 1,51V

5 1C,03" —2¢ = 2C0O,

2MnO; +5C,03™ + 16H" = 2Mn*" +10CO, + 8H,0

2KMnOy + 5H,C,04 +3H,S04 = 2MnSO,4 + 10CO; + K580, + 8H,0 6.1)
Diic diém phdn ing:
Phan g dién ra trong mdi trudng axit manh.

Luc dau phan Gmg xay ra cham, dé ting téc do phan tng trudc khi chuan can dun néng dung

dich H,C,04 dén khoang nhiét &6 70°C (khéng dun séi dé tranh H,C>O, bi phin hity).

Sau diém tuong duong, du KMnOy4 dung dich c6 mau hong nhat, khong can chit chi thi
(phan wng ty chi thi).

Trong trudng hop dung dich chuan d6 qua lodng, chung ta kho nhan thay sy d6i mau (cé thé
mdc phdi sai s6 16m) thi c6 thé dung chit chi thi oxy hoa khir feroin.

6.1.2. Cach tién hanh

a. Pha ché dung dich H,C,0, tir H,C,04.2H,0

Cy=—1a 1000 : (N) (6.2)

BHZ C204.2H20 VO

Véi V, 1a thé tich dung dich can pha, mL

Tinh luong can m, (g) H»C,04.2H,0 can thiét dé pha ché 250 ml dung dich H,C40,
0,05000N, biét My ¢ o, 21,0 = 126,065 g/mol

Dé co thé tich chinh xac 250 ml da dung binh dinh mirc:
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CN X PH,c504.2H,0 X Vo CN X My,c,04.2H,0 XVo _ 0,05000%126,065%250,0
— 2-2YV4 2 _ 2-2Y4 2 — 20’7879g

1000 2X1000 2X1000

m,

Tir luong can thyc té trén can phan tich, ching ta tinh lai ndng d6 dung dich H,C40,4 di pha:

m, 1000 m,(g) 1000
CN = =

= x = = X
DH2C204_2H20 Vo 63,032(W) 250mL

(6.3)

Cach pha:

Can H,C,04.2H,0 béng can phan tich véi khoi luong khodng m, (g) trén cdc can véi do
chinh xéac 0,0001g (nong do Cy dwoc tinh lai véi lwong cdn thuc té), chuyén luong can vao

binh dinh mic 250,0 mL qua phéu. Trang rira phéu va cc can nhiéu lan bang nudc cit.

Dinh mirc bang nudc cat dén vach mirc. Lic déu cho dung dich dong nhét trudc khi sir dung.

b. Chuan d6 dung dich KMnO, bang dung dich H,C,0,4
- Trang rura dung cu

- Nap dung dich KMnOy4 can xac dinh néng dd vao buret, dudi hét bot khi, chinh dén vach

“0” trude khi chuin do

- Léy chinh xac 10,00 mL dung dich H,C,04 cho vao binh non, thém khodng 5-7 mL dung
dich H,SO4 6N, dun dén khoang 70 °C (thuc hién tieng binh mot).

- Chuén do dung dich H,C,04 vira dun nong, lic dau nho vai giot KMnOy, lic déu dén khi

dung dich mat mau hong tim.

- Sau d6 chuan do véi toc d6 thuong cho téi khi dung dich xuat hién mau hong nhat khong
mat trong khoang 30s thi két thiic chuan do, ghi thé tich KMnO, tiéu ton.

- Thyc hién phép chuan d¢ it nhét ba 1an (sai léch khong qua +0,2 mL), 14y gia tri trung binh.
6.1.3. Tinh to4n

Ap dung dinh luat tac dung dwong luong dé tinh nong do ctia KMnO,:

_ NHycp04 X VHpcp04

Nkmno, = ) N)

Vkmno,

CkMno, = Nkmno, * Pxmno,> (gM
Trong do: Vh,c,0, = 10,00 ml
VkMno , la thé tich KMnO, tiéu ton dugc tinh trung binh tir ba 1an thi nghiém

(khi dung dich c6 mau phdt hong)
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Nh,c,0, 12 ndng do duong luong cua dung dich chudn H,C,04 di pha ché tinh

theo (6.3)

DPxmno, = MK]:nO‘* = 158;)34 = 31,607 g/duwong lugng gam

Chung ta c6 thé tinh ndng d6 KMnO4 theo don vi mol/L:

_ 2XCHycp04 X VHpCp04

CkMno, = ) M)

5XVKMno,

Trong do: Ch,c,0, 12 ndéng d6 mol/L cia dung dich chuén H,C,0,4 d3 pha ché tinh theo
(6.3)

Vi dy: Can 0,7365 g HyC204.2H,0 (My,c,0,.21,0 = 126,065 g/mol) pha ché thanh 250,0 mL
dung dich (st dung binh dinh mic 250 mL). Lay chinh xac 10,00 ml dung dich nay dem
chuin do voi KMnOy4 trong moi truong axit manh HySO4 théy thé tich tiéu ton cho ba lan
chuan d6 l1an luot 1 10,20; 10,22 va 10,24 mL KMnO,. Hay tinh nong d6 KMnO, ra don vi
mol/l va gam/l (Mgmno,= 158,034 g/mol).

Giai:
Phuong trinh phan img xay ra: (6.1).

10,20+10,22+10,24
3

Thé tich trung binh KMnO, tiéu ton: Vimno, = =10,22 mL

Chung ta c6 thé xac dinh ndng 6 KMnOy, theo hai cach.

Cach I
Nong d6 dung dich chuan H,C,04 (N) da pha ché:

m, 1000

N = X
H2C204 DH2C204.2H20 Vo

0,7365g 1000

= X
63,032(~——2———)  250,0mL
dwong lwvong gam

=0,04674 N

Nong d6 dung dich KMnOy sé 1a:

NH,c,04 X VH,C,0 0,04674N X 10,00mL
Nkmno, = ————224*2 = =0,04573 N

VkMno, 10,22mL

Ckmno, = 0,04573 N x 31,607 g/duong luong gam = 1,446 g/L
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Cach 2:
Néng do dung dich chuan H,C,0, di pha ché:

m, 1000 0,7365g 1000

C = x = x =0,02337 M
H2€204 My, c,0,200 Vo 126,065(%1)) 250,0mL °
Nong do dung dich KMnOy s¢€ la:
. ZXCH2C204 X VH2c204 _2X0,02337M X 10,00mL 3
Ckmno, = = =9,147.10" M

5XVKMno, 5%10,22mL
CkMno, = 9,147.107° M x 158,034g/mol = 1,446 g/L

6.2. Xac dinh néng dé dung dich FeSO4 bang KMnO,
6.2.1. Co sé phuwong phap

Trong mai trudng axit axit manh:

2 | MnOj +5¢ +8H =Mn*" +4H,0  Eyoypee = 151V
5 |Fe™ +1le =Fe’"
MnO7 + 5 Fe’™ + 8H = Mn”" + 5 Fe'" + 4H,0 (6.4)

2KMHO4 + IOFGSO4 +8H2$O4 = SFCQ(SO4)3 + ZMHSO4 + KZSO4 + 8H20
Diic diém phén irng:
Sau diém twong duong, du KMnOy4 dung dich c6 mau héng nhat, khong can chat chi thi

(phan vung tu chi thi).

Trong trudng hop dung dich chuan d6 qua lodng, chung ta kho nhan thay sy d6i mau (cé thé

mdc phdi sai sé 16m) thi c6 thé dung chét chi thi oxy héa khir.

Moi trwomg phén teng: phan tmg dién ra trong mdi truong axit manh, néu méi truong axit

khong d manh c6 thé xay ra phan tng:
MnOz+ 3¢ +4H" = MnO,, + 2H,0

Chung ta str dung hdn hop H,SO, va HiPO, dé tao moi trudng axit, trong d6 H3PO, ¢6 vai
tro chinh 1a tao phtic [Fe(HPO,),] ~ khong mau véi Fe’* lam mét mau vang cua Fe’ dugc tao

ra trong phan Gng chuan do, giup cho viéc xac dinh diém twong dwong mot cach dé dang.
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Khéng chon HNOs lam méi truong vi HNOj; 1a chéat oxy hoa manh, s& nhanh chéng oxy héa
Fe’' thanh Fe'".
Fe’* +NO3 +2H" =Fe¢’" + NO, + H,0

Khoéng chon HCI lam méi truong vi KMnOy4 oxy hoéa dugce Cl :
2KMnOy + 16HCI — 2KC1 + 2MnCl, + 5Cl, + 8H,0 (6.5)

(6.4) va (6.5) 1a phan tng lién hop, khi (6.4) xay ra thi (6.5) xdy ra véi téc d6 dang ké. Néu

(6.5) xay ra, s& tao ra Cl, 1a mot chét oxy hoa:
Cl, + 2Fe*" = 2Fe™ + 2CI° (6.6)

Nhu véy, Fe*" dd bi oxy hoa thanh Fe' v6i mot luong tuong dwong lugng Fe*' bi
KMnO, oxy hoa thanh F ¢’". Tic 1a coi nhu (6-5) khong anh huong dén phép phan tich. Tuy
nhién, thuc té Cl, sinh ra bi bay di mot phan dan t&i phép chuan do mac sai sé duong. Ngudi
ta c6 thé dua thém MnSO, vao dung dich chuan d¢ dé giam thé oxy hoa khir ctia cap Mn0O; /
Mn?*, khi d6

Evnoz 2+ < Eciy2c1-

Do vay, MnOj khong thé oxi héa duge ion CI, ma chi oxi hoa chon loc ion Fe?*.
6.2.2. Cach tién hanh

Trang rira dung cu

Nap dung dich KMnOy vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan do
Lay chinh x4c 10,00 mL dung dich FeSO4 & mAu kiém tra cho vao binh nén, thém khoang 5-
7 mL dung dich hon hop hai axit (H,SO, + H3PO,) 6N.

Chuan do bang dung dich KMnOy, t6i khi dung dich xuat hién mau hong nhat khong mét
trong khoang 30s thi két thiic chuan do, ghi thé tich KMnOj tiéu tén.

Lam it nhat ba 1an (sai 1éch khong qua +0,2 mL), 14y gi4 tri trung binh.

6.2.3. Tinh toan

Ap dung dinh luat tac dung duong luong dé tinh ndng do ciia FeSOy:

Ngmno4 X VkMno,

™)

Nreso, = VFeso,

Creso, = Nreso, X Dreso, (g/L)
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Trong do: Veeso, = 10,00 mL
Vimno, 1a thé tich KMnO; tiéu tén dugce tinh trung binh tir ba 1an thi nghiém
(khi dung dich c6 mau phdt hong)
Nkmno, 18 ndng d6 duong lugng ciia dung dich chudn KMnO, di x4c dinh ¢

phan 6.1

Chung ta c6 thé tinh ndong d6 FeSO4 theo don vi mol/L:

5xC x V
KMnO4 X VKMno, ’ (M)

CFeSO4 = VFeSO4

Trong do: Ckmno, 12 nong do cia KMnOy (mol/L)

Vi dy: Can 3,2005 g quing st co Fe,0s va céac tap chét tro khac dem hoa tan trong dung dich
HCI du duge 100,0 ml dung dich A (st dung binh dinh mirc 100,0 mL). Ly chinh xac 10,00
mL dung dich A cho mdi 1an thi nghiém va khur Fe*" bﬁng Zn hat dén hoan toan (toan bo F e"
chuyén thanh Fez+), sau d6 chuan do dung dich thu dugc bﬁng KMnO, 9,147.1073 M trong
moi truong (H,SO4+H;3PO4+MnSOy), théy thé tich tiéu ton cho ba 1an thi nghiém lan luot 1a
8,24; 8,28 va 8,20 mL KMnOy,. Tinh phan trim Fe,0; trong quing biét rang khbi lugng mol
cua Fe;0; 1a 159,69 g/mol.

Giai:

Phén tmg hoa tan mau quing: 6HCI + Fe,0; = 2FeCl; + 3H,0
Phan ung khu:
2Fe’ + Zn = 2Fe*" + Zn*" (méi truong HCI 1:1, Zn du, nhiét d6 khoang 70-80 °C)
Phéan tmg chuan do (phuong trinh 6.4)
VkMno,: 12 thé tich KMnOy tiéu ton dugc tinh trung binh tir ba lan thi nghiém (khi dung dich
¢6 mau phét hong)
_8,24+8,28+8,20

Vimno, = =5 —— = 8,24 mL

5XCkMno, X VkMno, _ 5%9,147.1073M x 8,24ml
VFe2+ 10,00ml

CFe3+: CFe2+ = = 0,0377M

S6 gam Fe,0; trong mau quang 1a:

100,0ml - 0,602 g
1000

Mpe,0,= 0,0377M x 159,69 g/mol x

Phin tram Fe,03 trong quang la:

%Fez03 = —2293 % 100 = 0'602: x 100 = 18,8%

Mquing 3
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6.3. Dung cu va héa chét

- Ce c6 mo 100,0 mL

- Binh noén

- Buret

- Binh dinh muc 250,0 mL

- Pipet 10 mL

- Ong dong

- Qua bop cao su

- Dung dich H,SO4 6N

- Dung dich hén hop (H,SO4 + H3PO,) 6N
- Dung dich KMnO4

- H,C»04.2H,0 tinh khiét

- Can phan tich

- Céc can hoidc gidy can

- biia thuy tinh

- Dung dich FeSO,4 (miu kiém tra)

6.4. Cau hoi on tap

1. Néu co so phuong phép xac dinh nong d6 KMnOy tir H,C,04.2H,0. Tai sao dung dich axit

oxalic dugc chon 13 dung dich chudn gbc?

2. Néu cach tién hanh chuin d¢ xac dinh nong do dung dich kali permanganat bang axit
oxalic. Giai thich tai sao phai dun néng dung dich khi chuan d6, néu khong dun néng thi c¢é

phuong an st Iy khac khong? Tai sao khong str dung KMnO, dé pha dung dich chuan gdc?

3. Néu cach tién hanh chuan d6 xac dinh ndng d6 Fe® bang kali permanganat. Néu vai trd
ctia axit H,SO, va H3PO,. Thay axit H,SO, bang axit HCI ¢6 dwoc khong? Giai thich bang
phuong trinh phan tng cu thé.

Khi chuin d6 mubi Fe** ¢6 14n ion CI, thay vi sir dung hdn hop axit H,SO, va H;PO, ngudi
ta thuong st dung hdn hop Zimecman (H,SO4, H3PO4 va MnSOy), hiy cho biét vai tro cia
MnSOy4 trong truong hop nay.
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4. Néu cach tién hanh chuin d6 xac dinh ndng do Fe’" bang kali permanganat trong moi
truong H,SO4, tai sao khong duoc dun néng dung dich khi chuan do. Néu thay axit H,SO,
bang axit HNO; ¢6 dugc khong? giai thich bang phan tng hod hoc cu thé.

5. Chuan d6 10,00 ml H,C,04 0,0200M trong méi trudng H,SO4 bang KMnO, thdy hét 9,60
mL KMnO,. Hiy tinh néng d6 KMnO, (N, g/L).

6. Chuan d6 10,00 ml FeSO, 0,0250M trong méi trudng (H,SO4 + H3PO,) bing KMnOy thiy
hét 12,60 ml KMnO,. Hay tinh nong d6 KMnO, (N, g/L).

7. Chuan d6 10,00 ml FeSO, trong méi trudng (H,SO4 + H3PO,) bang KMnOy4 0,0100M thay
hét 11,60 ml KMnO,. Hiy tinh ndng d6 KMnO,4 (N, g/L).

8. Can 0,2005 g quang sit c6 Fe,0; va cac tap chét tro khac, dem hoa tan trong dung dich
HCI du duoc dung dich A. Khir Fe’"trong dung dich A bang Zn hat dén hoan toan (toan bd
Fe’* chuyén thanh Fe*") sau d6 chuan d dung dich thu duoc bang KMnO, 0,01000M trong
moi truong (H,SO4+H3PO4+MnSOy) théy hét 15,60 mL KMnOQOy. Tinh phﬁn tram Fe,O3 trong

quang.

Bai 7. Xac dinh nong do dung dich Fe3+(khir Fe3+ -Fe?+) bang K>Cr20~

Trong dung dich axit, ion di cromat 1a mot chét oxy hoa manh, n6 bi khir vé ion Cr':

Cr,0%™ +6e +14H" =2Cr’" + 7TH,0 ECr, 02 /acra+ = 1,36V

St dung K,Cr,07 ¢6 mot vai vu diém. Trude tién, né du tinh khiét dé pha ché dung dich
chuan, 14 dung dich 6n dinh, gia ré. Do Cr,0%~ ¢6 mau vang va cac phic cia Cr’" ¢6 mau
thay doi tir mau xanh 14 ma dén tim, vi thé cac chat chi thi v6i su thay doi mau dic biét,
chiang han nhu diphenylamin sunfonic axit (E° = 0,85V) hay diphenylbenzidin sunfonic axit
(E° =0,87V) dugc st dung.

K>Cr,07 khong duoc sir dung rong rii lim do tinh oxy hoa ctia n6 kém hon KMnOy ciing nhu

4+ 7 5 5 A A 7 . 2+ A A 7 A
Ce"". N6 duogc sir dung chu yéu dé xac dinh Fe™ va chuan do gian tiép.

7.1. Co s& phwong phap

Sau khi ché héa miu thuong sir dung cac axit manh c6 tinh oxy hoa, sit thuong ¢ dang Fe’"

Dé xac dinh ham luong sat, trude hét chung ta khir Fe’ vé Fe** bang SnCl, hodc Zn.
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Khir sit bang Zn:

2Fe’* +Zn = 2Fe*" + Zn**
Qua trinh khtr dugc thuc hién trong moi truong axit HCI. Vai tro cua HCI 1a phan ing véi Zn
tao hydro mdi sinh, dong vai tro chat khir dé khir ion Fe®™ vé& Fe**, HCI phai 1iy du dé ngan
khong cho Fe*" bj khr thanh Fe cling nhu tranh sy thuy phan ion Zn*". Ngoai ra HCI tao phuc

FeCl; c6 mau vang dam, gitip nhan biét thoi diém két thiic qua trinh kh.

Loc bo Zn du, sau d6 chuén do dung dich Fe béng K>Cr,04.

Trong mdi trudng axit manh:

I | Cry02~ +6e + 14H" s2Cr’" + 7TH,0 &r,02- j2cr+ = 1,36V
6 | Fe* —1le = Fe'' Efes+ pez+ = 0,77V
Cr,0%2~ + 6Fe™" + 14H = 2Cr’" + 6F¢’" + 7TH,0 (7.1)

Dé lya chon chét chi thi thich hop cho phan ung chuan do, chung ta can biét bude nhay dién

thé ctia qua trinh chuan do.

Chung ta hiy xét vi du chuan d6 50,00 ml dung dich FeSO4 0,10000 M bing K2Cr,07
0,01000 M, pH cta dung dich Iuén bang 0 (pH=0,00). Bwéc nhay dién thé véi sai s6
+0,1% twong &ng véi mién gia tri dién thé twong rng véi thé tich K2Crz07 tir 49,95mL

dén 50,05 mL.

bién thé ctia dung dich tai thoi diém thém dwoc 49,95 ml dung dich K2Cr20.
CrzOg_ + 6Fe2*+ 14H* = 2Cr3*++ 6Fe3+ + 7H20

Ban dau 49,95 1 0
50,00
Can bang 0 0,05 49,95 49,95
50 50 50

49,95

=0,77 +0,05916 Ig +5=-=0,95V

)

50

3+]

[Fe
Edd :Ege:""'/FeZ"' + 0,05916 lg [Fe2+]

Khi thém dwoc 50,06 ml dung dich K2Cr207:

Ndng d6 [Cr3+] =20,10000M x —>2"™L__ 0 01666M
3 (50,00+50,05)ml
2—+ _  0,05ml _ &
[Cry037] = oot 2o % 0,01000 M = 510 6M
0,05916 [Crp027|[H*]* 0,05916 5107°M.1'%
Edd:EngO%_/Cr3++ — log [C7r3+]2 =1,36 + log 0016667 - 1,34V
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Nhu vay budc nhay dién thé cta qua trinh chuén d6 13 0,95V dén 1,34V.

Trong qua trinh phan ung sinh ra Fe’™ ¢6 mau vang, H;PO, duoc dua vao dé tao phirc
[Fe(HPOs4),] khong mau nhdm xé4c dinh diém tuong mot cach dé dang. Mat khac, sy tao

[Fe*]

[Fe2+]

phuc [Fe(HPOy),] ~ lam giam néng d6 tu do cua Fe’ " dan toi su giam gia tri cla ti $6

1am budc nhay dién thé dugc kéo dai va diém twong duong cua qua trinh chuan do cang dé

xac dinh.

Gia stir & diéu kién pH chuin d6 nong d6 ap,3+= 10 2 (phan nong do tw do cua Fe3* trong
dung dich trén téng nong do cac dang chira Fe3+). Hay tinh lai buwéc nhay dién thé cta

dung dich:

49,95
[Fe3t] o

Fo?t| 0,68 +0,05916 log 55~ +0,059161og102=0,74V

50

Eaa=Egya+ g2+ + 0,05916 log

Nhu vay, budc nhady dién thé cua qua trinh chuan d6 khi c6 mat HsPO, s& 1a: 0,74V dén
1,34V. Néu trong dung dich c6 chat chi thi diphenylamin (E°= 0,76V), dung dich chuyén tir

mau xanh 14 ma sang mau xanh tim.

Khi dung chat chi thi diphenylamine can luu ¥: chi dung 1-2 giot chat chi thi, néu dung nhiéu
chit chi thi, s& tao ra mot san pham mau xanh khong thay d6i nén khong nhén biét duge diém

tuong duong.
7.2. Cach tién hanh
- Trang rua dung cu

- Nap dung dich K,Cr,0; vao buret, dudi hét bot khi, chinh dén vach “0” truéc khi chuan do

- Ly chinh x4c 10,00 mL dung dich Fe’* cho vao binh nén 100 mL, thém vao binh nén
khoang 10 hat Zn, 5mL axit HC1 1:1 (thwc hién trong tii hit), dun dén gan soi cho téi khi mat
mau hoan toan (néu cé két tia tring la mudi cia bazo kém thi phai thém HCI cho tan hét).

Khong dun sbi vi hop chét ciia Fe bay hoi mot phan lam sai két qua.

- Tia nudc cat quanh miéng binh nén cho HCI bay hoi bam trén thanh di xudng dung dich,
1am ngudi nhanh binh non t&i nhiét d6 phong. Loc bé Zn du bang gidy loc nhanh, himg vao

mot binh non 1én 250mL
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- Trang rira bang nudc cat nhiéu 1an, cho dén khi thé tich dung dich trong binh nén 16n dat
khoang 100 mL (pha lodng lam gidm mdu xanh ciia Cr’*). Sau d6 thém vao dung dich 5-7
mL hdn hop hai axit (H;PO, + H,SO,) va 1-2 giot chét chi thi diphenylamin.

- Tién hanh chuan d¢ bang K,Cr,0; cho t6i khi dung dich xuit hién mau xanh tim, ghi gié tri
thé tich K,Cr,05 tiéu tén.

- Lam it nht 3 1an (sai 1éch khong qua £0,2 mL), 14y gia tri trung binh

7.3. Tinh toan

Ap dung dinh luat tdc dung duong luong dé tinh néng do cua Fe*':

N 34 = N - NKzCr207 X szCr207
Fe3+ Fe?*

; ™)

Ve 3+
Cre3+ = N3+ X Dpgs+ (gD
Trong do: Vges+ = 10,00 mL
Vk,cr,0, 1a thé tich K,Cr,07 tiéu ton duoc tinh trung binh tir ba 1an thi nghiém
(khi dung dich c6 mau xanh tim)
Nk,cr,0, 12 ndéng do duong lugng cia dung dich chuan K,Cr,0-

Dpe3+ = 55,845 g/duong lugng gam

Tinh Tges+ /k,crp0, (s6 gam sit tac dung vira du véi 1,00 mLdung dich K>Cr,05):

Nk, cry07-VK,Cry0 .
_ NKpCrp07-VK3Crp07 . _
Tre3+ /k,Cr0, = 1000 . Dges+ (VO1 Vi, cr,0, = 1,00 mL)

Chung ta c6 thé tinh ndng d6 Fe" theo don vi mol/L:

6'CK2CI‘207 'VKZ Crp07

CFe3+= CFe2+ = (M)

9
Vl:e3+

Trong do: Ck,cr,0, 12 ndng d6 mol/L ctia dung dich chuan K,Cr,05.

Vi dy: Can 2,8612 g quing sat co Fe,O3 va céc tap chat tro khac dem hoa tan trong dung dich
HCI du dugc 100,0 mL dung dich A (stt dung binh dinh mérc 100 mL). L4y chinh xac 10,00
mL dung dich A cho mdi lan thi nghiém, khtr Fe** trong dung dich A bﬁng Zn hat dén hoan
toan (toan bd Fe’ chuyén thanh Fe’"), sau d6 chudn do dung dich thu dugc bing K,Cr,0;
0,01000M thay thé tich K,Cr,0- tiéu tén cho cac 1an thi nghiém lan luot 1a 11,20; 11,26 va
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11,22 mL. Hay tinh phan trim Fe,O; trong quing biét ring khdi lwong mol cia Fe,Os 1a
159,69 g/mol.
Gidi
Phan tmg hoa tan mau quing: 3HC1 + Fe,03 = FeCl; + 3H,0
Phan ung khu:
Fe’" + Zn = Fe*" + Zn*" (méi truong HCI 1:1 (ti 18 thé tich gitra HCI dic va nude 1a 1:1), Zn
du, nhiét d6 khoang 70-80 °C))
Phan g chuan do (phuong trinh 7.1)
Vk,cr,0, 1a thé tich K,Cr,O tiéu ton duge tinh trung binh tir ba lan thi nghiém (khi dung dich

c6 mau xanh tim).

= 11,20+11,26+11,22
VKZCI'207 = 3 = 11,23 mL

6XCKycrp07 X VKyCrp0; _ 6X0,01000MX11,23 mL

Cres+= Cpoz+ = o Y =0,06738M
S6 gam Fe, 05 trong mau quang 1a:

Mge,0,= 0,06738M x 159,69 g/mol x 1"1"(‘)‘;;“ =1,076¢g
Phin tram Fe;03 trong quing la:

%Fe203 = % x 100 = % x 100 =37,61%

7.4. Dung cu va héa chét

- Ce ¢6 md 100 mL

- Ong dong

- Binh n6n 100 mL

- Binh n6n 250 mL

- Phéu thity tinh

- Gidy loc

- Buret

- Pipet 10 mL

- Qua bop cao su

- Bép dién

- Lu6i amiang

- Chét chi thi diphenylamine

- Dung dich chuin K,Cr, 04
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- Dung dich hén hop (H,SO4 + H3PO,) 6N

- Zn hat

- HCI 1:1 (ti 18 thé tich gitta HCI dic va nudc 1a 1:1)

- Dung dich FeCl; (mau kiém tra)

7.5. Cau hoi on tap

1. Néu co sé phuong phap xac dinh ndng do FeCls (khu Fe’* bing Zn) bang dung dich chuén
K,Cr,04. Tai sao dung dich K,Cr,07 dugc chon lam dung dich chuén géc?

Hay giai thich vai trd cua hai axit H,SO4 va H3PO4 trong qua trinh chuan do noi trén khi st

dung chat chi thi oxy hoa khir diphenylamine E° = 0,76V.

2. Bé khir FeCl; vé FeCl, ngudi ta ding kém hat trong méi truong HCI 1:1 va dun néng. Hiy

trinh bay cach thu dinh luong Fe*™ va vai trd ciia HCI trong qua trinh khtr.

3. Can 0,2105 g quang sit c¢6 Fe,05 va cac tap chat tro khac dem hoa tan trong dung dich HCI
du dugc dung dich A. Khu Fe*" trong dung dich A ba‘ing Zn hat dén hoan toan (toan bo Fe**
chuyén thanh Fe*"), sau d6 chudn d6 dung dich thu dugc bang K,Cr,07 0,0100M thiy tiéu
ton hét 15 ,60 mL K,Cr,07. Tinh phﬁn tram Fe,O; trong quang.

Bai 8. Phwong phap iot

Co s¢ chung cuia phuong phap iot:

I, 13 mot chat oxy hoa tuong d6i yéu, yéu hon nhiéu so véi KMnO, va K,Cr,05.
L+2e =21 EP 21~ = 0,54V

Nguoc lai I lai la chét khtr manh hon cac ion Cr’", Mn*". Do d6, c6 thé xéac dinh cac chét khu

bang dung dich I, va c6 thé xac dinh cac chat oxy hoa bang cach khir chiing béi ion I,

Phén tir I, it tan trong nudc (1,3.10°M ¢ 20 °C), nhung dd hoa tan cta nd ting 1én rat nhiéu

trong dung dich I nho phéan ing tao phttc véi I

I2(dung dich) +I = Ig (tI‘i iotdua) B = 7102
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(Dung dich I3 0,05M dung cho chuin d6 duoc chuén bi béng cach hoa tan 0,12 mol KI +
0,05 mol I trong 1 lit nu6c). Khi ching ta néi rang st dung I, dé chuan d6, ching ta hiéu

rang st dung dung dich I, cong véi lwong I du.
Str dung chét chi thi hd tinh bot.

HO tinh bot dugc lya chon vi nd tao phitc mau xanh véi iot. Luu y, hd tinh bot khong phai 1a
chit chi thi oxy hoa khir boi mau cta nd khong thay ddi theo thé oxy hoa khir va no phan hoi
dic biét voi su ¢6 mit cua L. Yéu to hoat dong cua ho tinh bot 1a amyloza, polyme ctia duong
a-D glucose, polyme nay ton tai & dang cudn x0édn oc, chi ¢c6 mot sb it phan tur co thé chui
qua duoc. Khi c6 mit I, nd tao dang nhanh Ig, xay ra ¢ trung tim amyloza dang xodn 6¢. San
pham phirc ¢6 mau xanh den. Su tao phirc phu thudc vao nhiét 4, & 50 °C mau cia phiic
nhat béng 1/10 cudong d6 mau ¢ 25 °C. Vi thé néu yéu ciu cuong do mau cuc dai thi co thé

lam lanh bang nuéc da [2].

Chudn bi dung dich I3: 13 c6 thé chuan bi bang cich hoa tan I, (rdn) trong lwong du KI, I,
c6 thé du tinh khiét Iam dung dich chuan nhung hiém khi duoc sir dung lam dung dich chuan
vi no bay hoi trong khi can khéi lugng. Tuy nhién, néu can nhanh ching ta c6 thé chuan bi
mot dung dich cé néng do gﬁn chinh xac, sau d6 dwgc chuén lai v&i chat chuan, vi du

Na28203,
Trong méi truong axit, I3 khong 6n dinh vi lugng du I bi oxy héa cham boi oxy khong khi:
61 + O, +4H" = 215 + 2H,0

Trong mdi truong trung tinh van xdy ra sy oxy hdéa néu nhu c6 mat nhiét do, d&nh sang va ion

kim loai.
Chung ta khong tién hanh chuan d¢ I, trong méi truong kiém:
I, + 2NaOH = NalO + Nal + H,0O
[0 12 mot chat oxy hoa manh hon I, n6 oxy hda dugc Na,S,03 l[am két qué khong chinh xéc:

S,0%27+ 410 + 20H =4I +2S02~ + H,0
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8.1. Xac dinh néng dé dung dich Na,S,0;

Dang phd bién cua thiosunphat 13 Na,S,05.5H,0, né khong du tinh khiét dé 1am dung dich
chuén, mic du vay nd van thudong dugc st dung 1am chét chuin gdc trong phuong phap iot,

muon vay trude tién nguoi ta phai xac dinh nong do cua no.

Dung dich thiosunphat dugc bao quan trong binh thuy tinh mau tdi dé dung dich 6n dinh
thém 0,1g Na,COj; trong 1 lit dung dich dé giit pH t6i wu. Mot giot CCl, duoc thém vao dé
ngin can sy phat trién cia vi khuan. Trong méi trudng axit dung dich thiosunphat khong 6n

dinh [10].

S,03"+H = HSO03 + S,
8.1.1. Co sé phuwong phap chuin dj xac dinh Na,S,0;

Cho mot lugng chinh xéc K,Cr,0O7 vao dung dich KI du, I, thoat ra va tan vao KI du:
KzCI‘zO7 + 6KI + 7HQSO4 = CI‘z(SO4)3 +3 Iz + KQSO4 + 7H20 (81)

Chuan d I, bang dung dich Na,S,05 dung ho tinh bot 1am chat chi thi:

2Na28203 + 12 = Na28406 + 2Nal (82)

(tetra thionat natri)
Tir hai phan tmg trén, theo lugng K,Cr,O; ma suy ra ndng d6 dung dich Na,S,0s.
Luu y:
D0 hoa tan cua I, trong nudc nho, phai dung KI du:

Dung dicny T I = I3
I3 khong anh huong gi dén qua trinh chuan d6 vi phan tng tao I3 thuan nghich, I3 s& phan

hay dan giai phong I, vao trong dung dich.

Du da ding KI du, van toc giita KI va chit oxy héa thuong khong 16n, vi vay sau khi thém

chit oxy héa phai doi mot thoi gian.

I, 1a chat bay hoi nén phai tién hanh & nhiét do thuong. Mat khac khi tang nhiét 4o, d6 nhay

ctia ho tinh bot giam.
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Déi véi truong hop chudn d6 I, thoat ra trong phan tng, chi duoc thém hd tinh bot khi I, da
tac dung gan hét (dung dich ¢é mau vang nhat), néu I, con nhiéu, hop chit tao boi I, va hd

tinh bot nhiéu, I, phan tng cham véi Na,S,03, do d6 d& chuan do qua diém tuong duong.
8.1.2. Cach tién hanh

Trang rira dung cu

Nap dung dich Na,S,0; 1én buret, dudi bot khi, chinh vach “0” trudc khi chuan do

Léy chinh xac 10,00 mL dung dich K,Cr,0O7 cho vao binh chuan do iot, thém vao binh néon

khoang 10 mL dung dich H,SO, 2N, 10 mL dung dich KI 20%, day nip, tia nudc cat xung

quanh nip, dé vao chd tdi 5 phut.

Sau 5 phut, léy binh ra, m¢ nhe nép binh chuén d9, tia nudc cat xung quanh nép va thanh

binh dén khi thé tich dung dich trong binh chuan d6 dat khoang 100 mL.

Tién hanh chudn d¢ cho t&i khi dung dich ¢6 mau vang xanh (mau vang cua I3 con it + mau
xanh cua Cr3+), thém khoang 1 mL dung dich ho tinh bot, dung dich c6 mau xanh den va
chuén d6 tiép cho dén khi dung dich chuyén thanh mau xanh nhat (chi con mau xanh rt nhat

ctiia Cr'"). Ghi thé tich Na,S,0; tiéu ton.

Lam it nhat 3 1an (sai 1éch khong qua £0,2 ml), 1iy gia tri trung binh
8.1.3. Tinh toan

Néng do cua Na,S,0; dugc tinh theo cong thurc:

NNaz S203 —

NKZ Crp07 X VKzCr207

; ™)

VNa,s,04
CNa,5,0; = NNays,05 * Pna,s,05 (g/h
Trong do: Vk,cr,0, = 10,00 mL
VN325203 1a thé tich Na,S,0s tiéu tén dugc tinh trung binh tir ba lan thi nghiém
(khi dung dich c6 mau xanh rat nhat cta cr'h
Nk,cr,0, 18 ndéng d6 dwong lugng cua dung dich chudn K,Cr,0-

DNa,s,0, = 158,110 g/duong lugng gam

Chung ta c6 thé tinh néng d6 Na,S,05 theo don vi mol/L:
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_ 6XCK2CI‘207 X szCl'207

CNazSZ 03 - b (M)

VN325203

Trong do: Ck,cr,0, 12 ndng d6 mol/L ctia dung dich chuan K>Cr,05.

Vi du: Cho 10,00 ml dung dich K,Cr,O7 0,01200M tac dung véi dung dich KI du trong moi
truong axit H,SO4 2N. Sau d6 dem chuén do dung dich nay béng dung dich Na,S,0s5 str dung
chit chi thi h tinh bot, thay thé tich tiéu tén cho ba lan chuan d¢ lan luot 1a 10,12; 10,20 va
10, 22 mL Na,S,0;. Hay tinh néng do dung dich Na,S,0s.

Gidi:

Céc phuong trinh phan rng xay ra:
K,Cr;,07+ 6KI + 7TH2SO4 = Cr(SO4); + 3 I + Ky,SO4 + 7H,0
2Na,S,05 + I, = NaS406 + 2Nal

Thé tich Na,S,0; tiéu tén duoc tinh trung binh tir ba 1an thi nghiém:

= 10,12+10,20+10,22
VN325203: 3 = 10,18 mL

Chung ta c6 thé c6 hai cach dé xac dinh nong do ciia dung dich Na,S,0;:
Cach I:

6.CK,Crp07-VKpCra07 _ 6.0,01200M.10,00

CNa,s,05 = T To.18 =0,07073M
CNa,s,0; = 0,07073M. 158,110 g/mol = 11,18 g/L
Cach 2:

Nong d6 duong luong cua K,Cr 05 la: Nk,cr,0,= 6.0,01200M = 0,07200 N

Nk,cr,0,-Vk,Cr,0 0,07200.10,00
N =—2-27 2-27 — =0,07073N
Na;S5,03 VN325203 10,18 ?

CNa,s,0; = 0,07073N. 158,110 g/duong luong gam = 11,18 g/L
8.2. Xac dinh néng dé dung dich CuSO4 bang Na;S,0;
8.2.1. Co sé phwong phap

2Cu*" +4I = 2Cul, + 1 (8.3)

Phan &ng dién ra hoan toan nhd su tao thanh két tda Cul. Ching ta c6 thé thiy ro diéu
nay khi xem xét cac thé khir tiéu chuln cua cac phan &ng xay ra dwéi day:

Cu?t+e < Cu*t E°=0,15V  (a)

I +2e = 21" E°=0,54V (b)
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Cu*+I +e =Cul; E°=0,86V (c)
Néu chi nhin vao thé khi tiéu chuin ctia phan &ng (a) va (b), chung ta thiy rang phan
trng (8.3) sé khong xdy ra. Tuy nhién, nh& sy tao thanh chat it tan Cul dan tdi sy gidm
nong dé tw do cua Cu* va néu nhw I dw it nhat 4% thi phan &ng (8.3) xdy ra hoan toan

[2].

I, thoat ra dugc chuin do béng dung dich Na,S,0; (da biét n&ng do), dung hd tinh bdt 1am
chat chi thi.

2 Na28203 + Iz = NaQS40(, + 2Nal
Luu y:

Tao moi trudng axit yéu thich hop dé ngin ngira phan tng thity phan mubi Cu®" (axit axetic

da dugc thém vao dung dich Cu®).

D¢ hoa tan cua I, trong nude nhd, phai dung KI du.
Du da ding KI du, van tdc gitra KI va chat oxy hoa thudng khong 10n, vi vay sau khi thém

chat oxy hoa phai doi mot thoi gian.

I, 14 chét bay hoi nén phai tién hanh & nhiét d6 thuong. Mit khac khi ting nhiét 49, do nhay

ctia ho tinh bot giam.

Déi véi trudng hop chuan do I, thoat ra trong phan tng, chi duoc thém hd tinh bot khi I, da
tac dung gan hét (dung dich cé mau vang nhat), néu I, con nhiéu, hop chit tao bai I, va ho

tinh bot nhiéu, I, phan tmg cham véi Na,S,03, do d6 dé chuan d6 qua diém twong duong.

Két tia Cul hap phu mot luong I, dang ké (chinh xéac 1a I3), do d6 két qua chuan do c6 thé bi
sai 1éch. Sy nha hip phu 1a chdm trong qué trinh chuan do. Sy ¢6 mit cia SCN™ dé thay thé T
trong két tia Cul, chuyén thanh két tia Cuy(SCN), khong hip phu I 1én bé mit.

(Cuslo)nilz + 2nSCN™ > n Cup(SCN)yy + I + 2nI

Phéan (rng nay xay ra do tich s6 tan ciia CuSCN (Tcuscn = 4,0.10714) nho hon tich s6 tan
cia Cul (Tcur =1.10712) [1].
8.2.2. Cich tién hanh

Trang rira dung cu
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Nap dung dich Na,S,0; vao buret, dudi hét bot khi, chinh dén vach “0” trude khi chuén do

Lay chinh x4c vao binh chuan d iot 10,00 mL CuSOy, khoang 10mL dung dich KI 20% (liy

dw), ddy nép, tia nudc cit quanh nip binh, dé vao chd t6i 5 phut.

Sau 5 phut, 1ay binh ra, m& nhe nép binh, tia nudc cit xung quanh miéng va thanh binh, rira

sach nip binh (tia va rira bang lwong nudc cit it nhat c6 thé)

Chuan do6 dung dich thu duogc dén khi dung dich c6 mau vang nhat, thém khoang 5 mL
NH4SCN 1%, thém tiép khoang 1 mL hd tinh bot, dung dich c6 mau xanh den. Chuan d6 tiép
dén khi dung dich mat mau xanh den, ghi thé tich Na,S,05 tiéu tén

Lam it nhat 3 14n (sai 1éch khong qua £0,2 mL), 1iy gia tri trung binh
8.2.3. Tinh toan

Nong d6 CuSO, dugc tinh theo cong thirc:

NNazSz 03 x vNazSzO3

Ncuso, = ) N)

Vcuso,

Ccuso, = Ncuso, X Pcuso, (g

Trong do: Vcuso, = 10,00 mL
VNa25203 1a thé tich Na,S,0s5 tiéu ton dugce tinh trung binh tir ba 1an thi nghiém
(khi dung dich c6 mau phan hong)
NNa,s,0, 18 ndéng d6 duong luong cua dung dich chuan Na,S,03 duoc xéc
dinh ndng d6 ¢ phan 8.1
Dcuso, = 159,610 g/duwong lugng gam

Tinh Tya,s,05/cuso, (s6 gam CuSO, tac dung vira da v6i 1,00 ml dung dich Na,S,0;):

NN325203'VN325203 B
1000 ’

TNa,s,05/cuso, = cuso, (V01 VNa,s,0, = 1,00 mL)

Chung ta c6 thé tinh nong d6 CuSO; theo don vi mol/L:

_ CNa25203 X vNazSzO3

Ccuso, = ) ™M)

Vcuso,

Trong do: CNa,s,0; 18 ndéng d6 mol/l cia dung dich chuan Na,S,03.

Vi dy: Cho 10,00 ml dung dich CuSO4 tac dung véi KI du trong mdi trudong axit yéu
CH;COOH. Sau d6 dem chuan d¢ dung dich nay bang dung dich chuin Na,S,0; 0,07073M,

thém dung dich NH4CNS va st dung chét chi thi ho tinh bot dé xac dinh diém twong dwong,
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thé tich tiéu ton cho ba lan chuin d6 1an luot 1a 11,42; 11,34 va 11,40 mL. Hay tinh néng do
CuSOs,.
Giai:
Céc phan ung xay ra la:
2Cu*" +4I =2Cul, + I

2 Na,S,05 + I, = NaS406 + 2Nal
Thé tich Na,S,0;5 tiéu ton duogc tinh trung binh tir ba lan thi nghiém:

11,42+11,34+11,40

VNa,s,0,= = 11,37 mL

Chung ta c6 thé c6 hai cach dé xac dinh nong d6 cua dung dich CuSO,.
Cach I:
Nong d6 duong luong ctia Na,S,05 1a: NNa,s,0,= 1.0,07073M = 0,07073 N

NN325203 X VN325203 _ 0,07073N X 11,37mL

Ncuso, = Veasos T0.00mL =0,08042N
CNa,s,0; = 0,08042N x 159,610 g/ duong lugng gam = 12,84 g/L
Cach 2:

_ CNayS,03 X VNays,03  _ 0,07073M x 11,37mL _
Ccuso, = Veuso, == T0.00mL =0,08042M

Ceuso, = 0,08042M x159,610 g/mol = 12,84 g/L

8.3. Dung cu va héa chét

- Céc c6 mé 100 mL

- Ong dong

- Binh chuén d¢ iot 250 mL (binh nén miéng xoe va c6 nut nham ddy duoc kin)
-Pong hd

- Buret

- Pipet 10 mL

- Qua bop cao su

- Chét chi thi hd tinh bot
- Dung dich Na,S,03

- Dung dich NH4CNS 1%
- Dung dich KI 20%

- Dung dich H,SO4 2N
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- Dung dich chuén K>Cr,04
- Dung dich CuSO; (mAu kiém tra)
8.4. Cau héi on tap

1. Néu co s¢ phuong phap xac dinh ndong do CuSO, bang dung dich Na,S,05 theo phuong
phap iot-thiosunfat.

2. Trinh bay quy trinh chuin d¢ xac dinh ndng d6 thiosufat bang dung dich kali dicromat
0,05N. Tai sao phai dé binh phan mg trong bong tdi 5 phut? Tai sao phai chuin d¢ ¢ diéu
kién nhiét do phong va chi cho chat chi thi ho tinh bt khi luong iot trong dung dich con it?

3. Trinh bay cach xac dinh ndng d6 Cu*” bang phuong phép iot — thiosunphat, giai thich vai
tro cua NH4SCN. Cong thirc tinh toan két qua.

4. Trinh bay cach xac dinh ndng d6 Cu®" biang phuong phap iot — thiosunphat. Phuwong phap
nay tién hanh trong moi truong gi? Vi sao?

Giai thich vai tro cua KI du.

5. Cho 10,00 ml dung dich CuSOj4 tac dung v&i (KI + NH4CNS) du trong méi trudng axit yéu
CH;COOH. Sau d6 dem chuan d6 dung dich nay bang dung dich chuan Na,S,03 0,04250N.
Chuan d6 dung dich thu duoc dén khi dung dich c6 mau vang nhat, thém khoang 5 mL
NH4SCN 1%, thém tiép khoang 1 mL ho tinh bot dé xac dinh diém twong dwong. Thé tich
Na,S,0s5 tiéu ton 1a 10,42 ml. Tinh ndng d6 CuSOy (tinh ra N, g/L).

Bai 9. Phwong phap chuin dé két tuia: xac dinh Cl- bang AgNO;
9.1. Co’ s& phwong phap

Phan tng chuan d¢:
Ag +CI = AgCl,

Diém twong duong duoc xac dinh bang chat chi thi K,CrO4 (phwong phap Mohr) hodc chat
chi thi hap phu Fluorescein (phuong phap Fajans) [13].

Phwong phap Mohr:
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Kali cromat c6 thé dugc st dung nhw mdt chat chi thi trong phwong phap bac dé xac
dinh cac ion CI', Br va CN™ nh¢ phan &ng véi Agt tao két tia mau do gach Ag.CrO; tai

diém twong dwong hodc 1an cin cia diém twong dwong véi sai s6 cho phép.
2 Ag" + CrO,” = Ag,CrOy (d0 gach)
Can cir vao su xuit hién két tia mau do gach chung ta két thac chuan dd.

Lwong chat chi thi cin dwoc st dung trong mot khodng nong do dwa trén tinh toan ly
thuyét. Néu lwgng chit chi thi K2CrO4 cho qué it thi can phai c6 mot lwgng rat du Ag+ dé
tao két tiia Ag2Cr04 dd gach, c6 nghia la chuin d6 da qua diém twong dwong. Nguoc lai,
néu chit chi thi K2CrO4 cho qua nhiéu lam cho dung dich c6 mau vang dam, khi d6 tai

diém twong dwong sé khong nhin ra sw xuat hién két tda dé gach.

Khi st dung chat chi thi CrO%~ thi méi treong phai 1 axit yéu hoic trung tinh, hoic kiém

yéu (pH = 6,5-8,5) vi & pH thap nong do ion cromat sé gidm do phan rng:
H' + CroZ~ = HCrO;
2CrO;~ + 2H+ = Cr,0%~ + H20 (mdi trudng c6 do axit cao)

Do d6, trong moi tredng axit, ndong dé cromat la qua nhd, khéng du dé tao két tiia mau
dd gach. Con trong méi truong kiém manh s& hinh thanh két tia AgOH dé phan huay thanh

oxit Ag,O mau den.

Thong thwdong, méi treong pH thich hop thu dwoc khi bio hoa dung dich chat phéan tich
v&i natri hydrogen cacbonat (NaHCO3).

Phuwong phdp ding chdt chi thi hap phu fluorescein:

Chat chi thi hap phu thuong 14 nhiing axit hodc bazo hitu co yéu c6 kha ning bi hap phu lén
bé mit két tha. Mau cta chét chi thi ¢ trang thai tur do khac voi mau cua chat chi thi khi bi

hap phu 1én bé mat két tua.

Fluorescein 12 mot axit hitu co yéu c6 K, =~ 10°°4, 1a chit chi thi huynh quang, khi khong bi

hap phu c6 mau xanh 14 cay, khi bi hap phu chuyén sang mau hong.

HFl = H +FI”
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HO @) OH

fluorescein

Co ché chuyén mau ctia chat chi thi hip phu fluorescein

Truéc PTP dung dich dw CI, hat keo két tia AgCl wu tién hap phu ion cung tén Cl tao
thanh hat mang dién tich 4m {AgCl}mCl}~ do viy hat nay khong hap phu ion

fluoreseinate FI", dung dich van c6 mau vang 4nh huynh quang xanh ctia FI".
mAgCl + nCl = {AgCl}nCI3~

Sau DTP dung dich dw Ag*, két tda AgCl hap phu ion cung tén Ag* tao thanh hat mang
dién tich dwong {AgCl}mAgh*, do vy hat nay hip phu dwoc ion FI" 1én bé mit 1am cho
két tla nhuém mau hdong phan, dong thoi dung dich bi tat 4nh huynh quang xanh
mAgCl + nAg* = {AgCl}mAgh™

{AgCl}mAgh* + nFl = {AgCl}m{AgF1}n

Luu y: Chét chi thi Fluorescein 1a mot axit hitu co yéu c6 pK, = 6,4, nén pH cua dung dich
phai 16n hon hoidc bang 6,4 dé HFI phan ly du 1am chat chi thi d6i mau rd rét, nhung méi
truong ciing khong dugc qua kiém vi tao két tia AgOH | dan t6i tao Ag,O mau den va ngin

can xac dinh diém cuoi ctiia qua trinh chuan do.

Khi dung chit chi thi hip phu, ndng do cta cac halogenua phai nam trong khoang 0,0005-
0,025M vi néu dung dich phén tich qua lodng thi su chuyén mau cta chat chi thi khong rd
rang, con néu dung dich khé dac thi két tua bac halogenua dé von cuc & gﬁn diém tuong

duong, 1am giam hiéu tmg hap phu, gay kho khan cho viéc chuyén mau cua chat chi thi.
9.2. Cach tién hanh

Phwong phap Morh

Trang rira dung cu
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Nap dung dich AgNO; vao buret, dudi hét bot khi, chinh dén vach “0” trude khi chuan do

Léy chinh xac 10,00 mL dung dich NaCl cho vao binh nén, thém vao binh nén khoang 0,5-1
mL dung dich K,CrO4 5%.

Tién hanh chuén d6 cho t6i khi xuét hién mau d6 gach (chii y méi khi nhé AgNO; phdi ldc
manh va déu). Ghi thé tich AgNO; tiéu ton.

Lam it nhét 3 1an (sai léch khong qua +£0,2 mL), 14y gi4 trj trung binh

Phwong phap dung chdt chi thi hp phu

Trang rira dung cu
Nap dung dich AgNO; vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuén do.

Lay chinh x4c 10,00 mL dung dich NaCl cho vao binh nén, thém vao binh nén 2-3 giot dung

dich fluorescein 0,5%.

Chuéan d6 dén khi két tia nhudém mau hong phan va dung dich tit 4nh huynh quang xanh. Ghi
thé tich AgNO; tiéu ton.

Lam it nhat 3 1an (sai léch khong qua +£0,2 mL), 1iy gia tri trung binh

9.3. Tinh toan

Ap dung dinh luat tac dung duong lugng dé tinh ndng do ctia dung dich NaCl:

Nagnos X Vagnog

™)

Nnat = —— —
al

Cnac1 = Nnact X Pracl (g

Trong do: VNact = 10,00 mL
vAgNO3 1a thé tich AgNOj tiéu ton duoc tinh trung binh tir ba lan thi nghiém
Nagno, 1a ndng d6 dwong lugng cua dung dich chuan AgNO;

Pnaci = 58,442 g/duong lugng gam

Chung ta c6 thé tinh néng do NacCl theo don vi mol/L:

_ Cagnogz X VagNog

Cnact =———— > M)

VNacl
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Trong do: Cagno, 18 ndéng d6 mol/l cia dung dich chuin AgNO:s.

Vi du: Chuan d6 10,00 mL dung dich NaCl béng dung dich chuin AgNO; 0,05000 M st
dung chét chi thi hép phu fluorescein. Thé tich AgNOs tiéu tdn cho ba 1an chuan do l1an luot
12 9,25; 9,35 va 9,30 mL. Hay xéac dinh né)ng dd cua dung dich NaCl.

Giai:
Thé tich AgNO; tiéu ton trung binh tir ba lan thi nghiém:
vAgNO3 _ 9,25+9,335+9,30 ~9.30mL

Nong d6 dung dich NaCl la:

CagNo3 X VagNOs _ 0,05000M X 9,30mL
VNacl 10,00mL

CNaCl -

=0,0465M

Cract = 0,0465M x 58,442 g/mol = 2,72 g/l
9.4. Dung cu va héa chét

- Cée ¢6 md 100 mL

- Ong dong

- Buret

- Binh n6n 100 mL

- Pipet 10 mL

- Qud bop cao su

- Dung dich chat chi thi fluorescein 0,5%
- Dung dich chat chi thi K,CrO4 5%

- Dung dich phéan tich NaCl

- Dung dich chuan AgNO; 0,05000 M

9.5. Cau hoi on tap

1. Néu co sé phuong phap xac dinh néng d6 NaCl bang dung dich chuin AgNO; sir dung
chat chi thi tao két tia c6 mau (chat chi thi K,CrOy). Trinh bay cac diéu kién vé mai truong
thi nghiém, luong chat chi thi 1dy quéa nhiéu hodc qua it thi anh huong thé nao dén két qua

chuén d6? Giai thich bang phuong trinh phan tng héa hoc.
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2. Néu cach tién hanh thi nghiém x4c dinh ndng d6 dung dich NaCl bang dung dich AgNO;
theo phuong phap Fajans (chit chi thi fluorescein). Trinh bay cac diéu kién vé méi truong thi
nghiém va gidi thich co ché chuyén mau cua chét chi thi hip phu fluorescein.

3. Chu&n do 10,00 mL NaCl 0,0500M bang AgNO3 0,0500M. Tinh pAg* (pAg* = —log[Ag*])
tai thoi diém thé tich Ag* thém dworc 1a 9,99; 10,00 va 10,01 mL. Tinh khodng thé tich
K>CrO4 5% (d = 1g/mL) can liy dé sai s6 cia qué trinh chudn do nam trong khoang +0,1%.
Cho biét Tagc1 = 1,82.10 10,

Bai 10. Xac dinh ZnS04 bang K4[Fe(CN)¢]
10.1. Co s& phwong phap

Phan g chuan d¢:
3ZnS04 + 2K4[Fe(CN)g] = KaZn3[Fe(CN)g]2| + 3K,SO4 (10.1)

Pé xac dinh diém twong dwong, ngudi ta st dung chét chi thi diphenylamin (E® diphenylamine =
0,76V). Pé ¢6 thé su dung dugc chat chi thi nay, nguoi ta thém vao mdt lugng nhod
K3[Fe(CN)q] tao thanh v6i K4[Fe(CN)q] cip oxy hoa khir [Fe(CN)s]> /[Fe(CN)s]* 6 thé oxy
hoéa khir tinh theo hé thirc Nernst:

_ Lo [[Fe(CN)6]*7]
Efre(cners=/ire(cmsl*- = Eireccnyep-/ireccnygr- T 005916 lgy e )

[[Fe(CN)6]*~]

=0,36 + 16 1ghel_J

0,36 +0,05916 i FeCe ]
Su d6i mau ciia chét chi thi diphenylamin (tir khdng méau sang xanh tim) dugc giai thich nhu

Sau:

Lic thém mot lugng nho [Fe(CN)e]*, thé oxy hoa khir cua cip [Fe(CN)g]3~/[Fe(CN)g]*~
con rat nho, nhé hon 0,76V nén chat chi thi khong d6i mau. Trong qué trinh chuan d¢, nong
do [Fe(CN)]" giam dén, thé Egpe(cny,j2-/(re(cny )+~ tang dan, tai diém twong duong va lan
cdn c6 sy thay d6i manh cua ndng do [Fe(CN)]*™ ([Fe(CN)gJ* hét) nén
EFe(cN)¢J3-/[Fe(cN) ]+~ tANE VOt VA vuQt qua gia tri 0,76V, chat chi thi s& c6 mau xanh tim. Sy

do61 mau cua chat chi thi 1a can cir dé€ két thic chuan do.
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10.2. Cach tién hanh

Trang rira dung cu.
Nap dung dich ZnSO, vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuin do.

Lay chinh xac 10,00 mL dung dich K4[Fe(CN)s] cho vao binh nén, thém vao binh nén
khoang 3-4 giot dung dich K3[Fe(CN)s], 7-10 mL dung dich H,SO4 6N, 1-2 giot chét chi thi
diphenylamin, khodng 5 mL dung dich (NH4),SOs.

Tién hanh chuan d6 cho tdi khi dung dich chuyén sang mau xanh tim, ghi thé tich ZnSOy tiéu

r
A

ton.
Lam it nhat 3 14n (sai 1éch khong qua £0,2 mL), 1iy gia tri trung binh

10.3. Tinh toan

Nong d6 cta dung dich ZnSOy 1a:

_ NKy[Fe(CN)g] X VK4 [Fe(CN)g]

NZnSO4 - VZnSO4 ’ (N)

Cznso, = Nznso,* Pznso, (g/L)
_ Pznso,

Dznso, =—;

Trong do: VK, [Fe(cN)s] = 10,00 mL
Vznso , 1a thé tich ZnSOy tiéu tén dugc tinh trung binh tir ba lan thi nghiém
Nk, [Fe(cn),] 18 ndng d6 duong luong ctia dung dich chuan K4[Fe(CN)¢]
Dznso,_ 16145

Dznso, = — - = 80,73 g/duong lugng gam

Chung ta c6 thé tinh ndong 46 ZnSO4 theo don vi mol/L:

_ 3Cky[Fe(cN)6] VR4 [Fe(CN)6] ™)

C = -
ZnS04 Z-VZnSO4 ’

Trong do: Ck,[re(cn), 18 ndng d6 mol/L ctia dung dich chuin K4[Fe(CN)].

Vi dy: Chuin @6 10,00 ml K4[Fe(CN)g] 0,02000 M bang ZnSO4 stt dung chat chi thi
diphenylaminth&y tiéu tén hét 10,20 mL ZnS04. Hay tinh néng d6 ZnS04 (g/L).
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Giai:
Phan tmg chuan d6 (10.1).
Cach I

3XCk4[Fe(CN)g)XVK4[Fe(CN 3x0,02000Mx10,00mL
CZnSO4_ — 4[Fe(CN)¢] 4[Fe(CN)¢] — — 0’02941 M

2XVznso, 2x10,20mL

Cznso, = 0,02941 M x 161,45 g/mol = 4,748 g/L

Cach 2:

N C XV C 3%X0,02000)Nx10,00mL
NZnSO4 _ Nigy[FecN)g] X VK4[Fe(CN)s] _ ( ) = 0,05882 N

Vznso, 10,20ml

Cznso, = Nznso, X Pznso, = 0,05882 N x 80,73 g/duong lugng gam = 4,748 g/L

10.4. Dung cu va hoéa chat

- Céc c6 mé 100 mL

- Ong dong

- Buret

- Binh n6n 100 mL

- Pipet 10 mL

- Qua bop cao su

- Dung dich (NH4)>SO4

- Dung dich H,SO4 6N

- Dung dich K;3[Fe(CN)¢]

- Chét chi thi diphenylamin

- Dung dich phan tich ZnSO4
- Dung dich chuén K4[Fe(CN)e]

10.5. Cau hoi 6n tap

1. Néu co s phuong phap xac dinh ndng d6 ZnSO, bang dung dich chuin K4[Fe(CN)g]. Hiy
giai thich cac diéu kién thuc nghiém.

2. Chuin dd 10,00 ml K4Fe(CN)s] 0,04500 N bang ZnSOs st dung chat chi thi
diphenylamin thay tiéu ton hét 10,38 ml ZnS04. Hay tinh néng dé ZnS04 (N, g/L). Tinh
s6 gam ZnS04 tic dung vira dd véi 1,00 mL dung dich K4[Fe(CN)g].
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Bai 11. Chuian d6 EDTA

EDTA 1a mét da axit (hexaprotic), nhu d3 dugc chi ra & cong thire HgY?". Cac nguyén tir axit

1a cac nguyén tir bi mat di trong qua trinh tao phirc.

Bén gia tri pK dau tién ap dung cho bdn proton ciia nhém cacbonyl va hai gia tri pK con lai
1a cho hai proton ctia amoni. Dang khong mang dién tich cua axit 1a tetraprotic, vdi cong thirc

la HyY.

0
pKl = 0,0
/ﬁ\/ ) 20
OH
N pK; =2,0
HO H N/\[\/
pKa = 2,66
HO o
pKs = 6,16
i pKes = 10,24
H,Y?

EDTA & dang axit tan rat kém & trong nwéc. PO tan cia né chi giéi han 0,5g/L & nhiét do
phong va dung dich c6 pH = 2,7. Viéc trung hoa EDTA bang cac bazo ching han nhw
amoniac, etylen diamin hay NaOH sé tao ra cac mudi va cai thién d6 tan cia EDTA &
trong nwéc [11]. Do d6, tdc nhan dwoc st dung phd bién trong hoa phan tich 1a & dang

mudi hai natri NazHY.2H20 (complexon III).

Complexon III ky hiéu la NazH2Y (372,25 g/mol). Pay la chat c6 da tinh khiét dé lam
dung dich chuan. Sdy & 80 °C trong 1gi¢, d€ ngudi trong binh hit m, cin chinh xac hoa
tan trong nwdc va dinh mirc bang nwéc cat dén vach binh dinh mitc. Néu pha c6 ndong dd

twong ddi chinh xac, ta c6 thé chuin dd lai bang dung dich chuin ZnS0..

11.1. Xac dinh néng dd complexon lll bang dung dich chuan ZnS0,
11.1.1. Co s¢ phwong phap

Phan g chuan d¢:
Na,H,Y =2Na" + H,Y*

Zn* + HoY? = ZnY> +2H' (11.1)
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Str dung chét chi thi tao phirc Eriocromden T (ETOO) ky hiéu 1a H;Ind

OH OH

058 N ——=N

(H,1In)
NO,

Mau ctia chét chi thi phu thudc vao pH:

O pH < 6 ETOO phan ly dang H,Ind", c6 mau do

O pH =7-11 ETOO phan ly dang HInd*", ¢6 mau xanh trong
O pH > 11,6 ETOO phan ly dang Ind*", 6 mau vang da cam

Tién hanh phan mg trong dung dich dém dé dam bao sy d6i mau ciia chét chi thi. Dung dich
dém duoc str dung 1a NH;OH+NH,CI, véi dung dich dém nay mién pH cta dung dich duy tri
trong khoang tir 8-10 va dam bao h?lng s6 bén c¢6 diéu kién cua phtrc tao boi ion kim loai va

complexon III 14 di 16n dé phan tmg xay ra hoan toan.

O pH = 8-10:
H;Ind = 2H" + HInd*
Zn*" + HInd* = Znlnd +H"
(xanh trong) (hong tim)
H,Y> + ZnInd =  ZnY" +HInd* +H"
(hong tim) (khéng mau)  (xanh trong)

Trude khi chuan do, mot luong nho chét chi thi ETOO dugc thém vao dung dich khong mau
Zn*" @ tao ra mot lwong nho phirc mau do. Khi complexon III dugc thém vao, du tién nd
phéan tmg v&i Zn®" ty do. Khi hét Zn*" ty do, complexon IIT thém vao dé thay thé chat chi thi
HInd> trong phitc mau do ZnInd ™. Sy thay ddi tir mau d6 cua phirc ZnInd~ sang mau xanh

ctiia HInd”> & trang thai tu do 1a d4u hiéu dé két thuc chuén do.
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11.1.2. C4ch tién hanh

Trang rira dung cu

Nap dung dich complexon Il vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chudn

do.

Lay chinh x4c 10,00 mL dung dich ZnSO4 cho vao binh nén, thém vao binh nén khoang 5-7
mL dung dich dém (NH,C1 + NH3), thém mot it chét chi thi ETOO, lic déu dén khi dung dich

c6 mau hong tim.

Tién hanh chuan d6 bang complexon III cho tdi khi toan bd mau hong tim chuyén sang mau

xanh trong, ghi thé tich complexon III tiéu tn.

Lam it nhat 3 1an (sai léch khong qua +0,2 mL), 1ay gi4 tri trung binh
10.1.3. Tinh toan

Néng do complexon III dugc tinh theo dinh luét tac dung duong lugng:

Nznso, X Vznso, )

N =—
complexon III
P Vcomplexon 11

Trong do: Vznso, = 10,00 ml

Vcomplexon ir: 12 thé tich complexon III tiéu tén dugc tinh trung binh tir ba 1an
thi nghiém (khi chét chi thi chuyén tir mau hong tim sang xanh trong)
Nznso,la ndng d6 duong luong ctia dung dich chuan ZnSOy4

Nznso, = 2%Cznso,

Cznso,la ndéng d6 mol/L ctia dung dich ZnSO,

Chung ta c6 thé tinh ndong 6 complexon I1I theo don vi mol/L:

Cznso, % Vznso,
Ccomplexon m= ) M)

Veomplexon Il
Vi dy: Chuan d¢ 10,00 mL ZnSO, 0,02500M bang complexon III trong méi truong dém
(NH,4", NH3), pH = 10, sir dung chét chi thi eriocrom den T. Khi chét chi thi nay d6i mau, thé
tich EDTA tiéu ton trong cic lan thi nghiém lan luot 1a: 10,02; 10,04 va 10,06 mL. Hay xac

dinh ndng d6 complexon III (tinh ra don vi N va M).
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Giai:
Phuong trinh phan Gng chuén d6: Zn*" + H,Y* = ZnY”> +2H"
Thé tich complexon III tiéu ton trung binh tir ba lan thi nghiém:

7 10,02+10,04+10,06
V(:omplexon m = 3 =10,04 mL

Nong d6 complexon III (M) la:

_ Cznso,X Vznso, _ 0,02500M x 10,00mL _
Ccomplexon | 10 - = 0,02490M

Vcomplexon III 10,04mL

Nong d6 complexon III (N) 1a:

_ Nznso, X Vznso, _ (2X0,02500)Nx10,00mL
Ncomplexon I~ g - = 0,04980N

Vcomplexon 111 10,04mL

11.2. Xac dinh dé ctrng ctia nwéc bang complexon llI

Do cimg cua nudc 13 tong ndng do ion kim loai kiém thd (nhom II) trong nude. Boi vi nong
do cua ion Ca2+, Mg2+ thuong 16n hon rat nhiéu cac kim loai kiém thd khac, do cung chung
ctia nude cd thé dinh nghia 1a s6 mili dwong luong gam Ca®" va Mg™™ trong mét lit nude.
Nudc ¢6 dd cimg nhé hon 60 mg CaCOs/L c6 thé coi 1a nudec mém. Néu do cing 16n hon 270
mg/l, nuéc duge cho 13 cing. PO clng riéng dé cap dén ndng d6 ciia mdi ion kim loai kiém
thd trong nude.

11.2.1. Co s¢ phwong phap

Phan g chuan d¢:

Na,H,Y = 2Na” + H,Y*
Ca’ +H,Y* = CaY” +2H" (11.2)
Mg”" + H,Y* = MgY> +2H" (11.3)

Xdc dinh do cieng chung cia nwoc

Str dung chét chi thi tao phirc Eriocromden T (ETOO)

Tién hanh phan mg trong dung dich dém dé dam bao sy d6i mau ciia chét chi thi. Dung dich
dém duoc str dung 1a NH4OH+NH4CI, v6i dung dich dém nay mién pH cta dung dich duy tri
trong khoang tir 8-10 va dam bao hfmg s6 bén c¢6 diéu kién cua phtrc tao boi ion kim loai va

complexon III 14 du 16n dé phan tmg xay ra hoan toan.

O pH = 8-10:
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H;Ind = 2H" + HInd*>™

Ca’" + HInd™ =  Calnd +H'
(xanh trong) (hong tim)
Mg?2+ + HInd? = Mgind ™ + H*
(xanh trong) (hong tim)
H2Y? + Calnd™ = CaY?” + HInd?™ + H*
(hong tim) (khong mau)  (xanh trong)
H2Y% + MgInd™ = MgY2 + HInd?% + H*
(hdng tim) (khong mau)  (xanh trong)

Trude khi chuan do, mot lugng nho chét chi thi ETOO dugc thém vao mau nudc phan tich
Ca* va Mg2+dé tao ra mot lugng nho phirc mau d6. Khi complexon III dugc thém vao, dau
tién n6 phan Gng voi Ca®™ va Mgty do. Khi hét Ca>” va Mg®" tu do, complexon III thém
vao dé thay thé chét chi thi HInd” trong phtrc mau dé Calnd va MgInd . Su thay ddi tir mau
do ctia phirc Calnd™ va MgInd™ sang mau xanh cua HInd®™ & trang thai t do 1a d4u hiéu dé
két thiic chuéan do.

Xdc dinh Ca** trong nuwéc

Str dung chat chi thi murexit. Trong moi truong axit manh anion HyIn™ ¢c6 cong thirc céu tao

nhu sau:

O Q
6} N >: 0)
N
NH
o) o (HyIn")

Murexit 1a da axit c6 pK, = 0; pKax = 9,2; pKaz = 10,9; nén mau cua chét chi thi phu thudc
vao pH cua dung dich.

O pH < 9,2: Murexit phan ly dang HyIn", ¢6 d6 tim (red-violet).
O pH =9,2-10,9: Murexit phan ly dang HsIn", ¢ mau tim hoa ca (violet).

O pH > 10,9: Murexit phan ly dang H>In>", ¢6 mau xanh tim (blue).
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. , \ R +
Murexit tao phtrc mau do voi Ca”™:

H,Y? + Caln® + H' = CaY? + H3In*

Trude khi chudn do, 5 mL NaOH 2N duogc thém vao mau nude phan tich (100 mL) dé két taa
hét Mg”* & dang Mg(OH),. Két tuia Mg(OH), khong thé tiép can voi EDTA. Sau d6 mot it
chit chi thi murexit duoc thém vao dé tao ra mét luong nhd phttc mau do voi Ca**. Xhi
complexon III dugc thém vao, dau tién né phan tng v6i Ca®’. Khi hét Ca®" tu do, complexon
III thém vao dé thay thé chét chi thi murexit trong phirc mau dé Caln’". Su thay ddi tir mau
do cua phtrc Calnd ™ sang mau tim hoéa ca ¢ trang thai tu do cia chét chi thi 12 ddu hiéu dé két
thac chuén do.

11.2.2. Céch tién hanh
Xdc dinh d¢ cirng chung cia nwoc
Nap dung dich complexon III vao buret, dudi hét bot khi, chinh dén vach “0” trudc khi chuan

do.

Lay chinh xac 100 mL dung dich nudc can phén tich cho vao binh nén, thém vao binh nén
khoang 5-7 mL dung dich dém (NH4CI + NH3), thém mét it chét chi thi ETOO, lic déu dén

khi dung dich c6 mau hong tim.

Tién hanh chuan d6 bang complexon III cho téi khi toan bd mau hong tim chuyén sang mau

xanh trong, ghi thé tich complexon III tidu t6n.
Lam it nhat 3 1an (sai 1éch khong qua £0,2 ml), 1ay gia tri trung binh

Xdc dinh Ca** trong nuwéc

Nap dung dich complexon III vao buret, dudi hét bot khi, chinh dén vach “0” trude khi chuin
do.

Lay chinh xac 100,0 mL dung dich nudc can phan tich cho vao binh nén, thém vao binh nén
khoang 5 mL dung dich NaOH 2N, thém mot it chat chi thi murexit, lic déu dén khi dung

dich c6 mau do.

Tién hanh chuan d bang complexon III cho téi khi toan bd mau do chuyén sang tim hoa ca,

ghi thé tich complexon III tiéu ton.

Lam it nhét 3 1an (sai léch khong qua +£0,2 mL), 14y gi4 trj trung binh
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11.2.3. Tinh toan

D0 cting chung ctia nudc:

Ncomplexon 111 X Veomplexon III
Hegze mgzr = Negze, g2+ X 1000 = —2mietonfl——omneen il 1), (mN)
nuéc phan tich

Do cling riéng cua nudc:

N lexon Il X Vcomplexon III
Heaor = Nggov X 1000 = ~omplexenttl = “complexon il 10, (mN)
Vhuéc phan tich

Trong do: V huéc phan tich = 100,0 mL
Vcomplexon 1 1a thé tich complexon III tiéu ton dugc tinh trung binh tir ba 1an
thi nghiém
Ncomplexon 11 12 ndéng d6 duong lugng cua dung dich complexon III dugc xac

dinh ¢ phan 11.1

Vi du: Dé xac dinh do cing chung ctia nudc ngudi ta chuin d6 100,0 mL nudce can phan tich
bang complexon III 0,04980N trong méi truong dém (NH,", NHs), pH = 10, sir dung chat chi
thi eriocrom den T. Khi chét chi thi nay ddi mau, thé tich complexon III tiéu ton 1an luot cho

ba lan thi nghiém 1a: 4,65; 4,70 va 4,60 mL.

Dé x4c dinh do cimg riéng clia nude, ngudi ta lay 100,0 mL nude can phan tich, cho két tia
Mg*" trong mau nude bang NaOH 2N (pH cua dung dich phén tich khoang 12). Sau d6 chuén
d6 mau nudc phan tich bang complexon III ¢6 mit chét chi thi murexit. Khi chat chi thi nay
ddi mau, thé tich complexon III ti€u tén 1an luot cho ba lan thi nghiém la: 2,65; 2,70 va 2,60
mL.

~ , . A \ A ‘A , I ’ A A 2 \ -+
Hiy xé4c dinh d6 cting chung va do ctng riéng cia nude. Tinh ndng d6 Ca®" va Mg®" ra don

vi mg/L. Cho biét Mc, = 40,078 g/mol va My, = 24,305 g/mol.

Giai:
Céc phan tmg chuan d¢:
Ca”" + H,Y” = CaY” +2H"
Mg* + H,Y* = MgY* +2H"
Thé tich complexon III trung binh khi chét chi thi eriocrom den T d6i mau 1a:
- 4,65+4,70+4,60
Vcomplexon m-— 3 4,65 mL
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Do cling chung cta nudc:
complexon I X Vcomplexon 111 « 1000

N
He. 2+ 24 = N2+ 2+ X 1000 =
Ca®", Mg Ca®", Mg Vhuéc phan tich

_0,04980N.4,65mL
100,0

x 1000 = 2,32 mN

Thé tich complexon III trung binh khi chit chi thi murexit d6i mau la:

7 2,65+2,70+2,60
Vcomplexon m-— 5 2,65 mL

D¢ cung riéng ctia nudce

N 1 1 X 'V, 1 11
Hca2+ — NCaZ+ X 1000 — complexon complexon ><1000
Vhuwéc phan tich

_0,04980N x 2,65ml
100,0

%1000 = 1,32 mN

40,078
2

( g ) =26,5 mg/L

dwong lwong gam

Nong do ciia Ca®": Cgyz+=1,32mN x

24,305
2

( g )=12,2 mg/L

dwong lwong gam

Nong d6 ciia Mg”": Cyppz+=(2,32-1,32)mN x

11.3. Dung cu va héa chét

- Céc c6 mé 100 ml

- Ong dong

- Buret

- Binh n6n 100 ml

- Binh n6n 250 ml

- Pipet 10 ml

- Binh dinh mirc 100 ml

- Qud bop cao su

- Dung dich NaOH 2N

- Dung dich d¢ém (NH; + NH4Cl)

- Chét chi thi eriocrom den T (ETOO)
- Chét chi thi murexit

- Dung dich complexon III

- Dung dich chuan ZnSO, 0,02500M

- MAu nuéc can phan tich
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11.4. Cau héi 6n tap

1. Néu cach tién hanh thi nghiém xac dinh lai ndng d6 dung dich Complexon III bang dung
dich ZnSOy.
Néu cong thurc tinh.

Qua trinh chuan d6 dugc thuc hién & moi truong pH nao? Giai thich.

2. Néu céch tién hanh thi nghiém xac dinh lai nong d6 dung dich Complexon III bang dung
dich ZnSO,. Trinh bay co ché chuyén mau ciia chit chi thi (viét phuwong trinh phan tng), tai

sao phai st dung dung dich dém dé duy tri pH 6n dinh trong subt qua trinh chuan do?

3. Trinh bay cach xac dinh d6 clmg riéng phan Ca®" va Mg*" trong miu nudc. Cong thirc tinh
toan két qua. Tai sao phai st dung chét chi thi murexit khi chuan do Ca’", c6 thé dung ETOO

duoc khong?

4. Chuén d6 10,00 ml dung dich ZnSO4 0,0250 M béng dung dich EDTA théy tiéu ton hét
11,50 ml. Tinh néng 46 EDTA (N).

Sau d6 st dung dung dich EDTA nay dé xac dinh do ctmg chung cia nudc. Khi chuan do
100,0 ml nudc voi cht chi thi Eriocrom den T trong moi truong dém pH = 10 co chét tro tao
phuc NH; théy tiéu tén 5,20 ml EDTA. Khi chuén do cling 100,0 ml mau nudc trén ¢ moi
truong pH = 12, khong c6 mat chét tro tao phuec, sir dung chét chi thi Murexit théy tiéu ton
2,7 mL. Hay viét cac phuong trinh chuan do6 va tinh do cung chung ctia nudc va ham luong

g/L ciia Ca®" va Mg”" trong mau nudce phan tich.

Bai 12. Phwong phap phan tich khai lwong

Phuong phap phan tich khdi luong dua trén két qua do khdi lwong 1a tin hiéu cho biét thanh

phan ctia miu phén tich [9].

Phuong phép phan tich khéi lwong truyén thng lién quan dén chuyén nguyén t6, ion hay gbc
thanh hop chat 6n dinh, tinh khiét ma hop chat nay c6 thé thich hop cho viée can khéi lugng
tryc tiép hay chuyén hoa thanh cac dang hop chéat khac ma co thé dé& dang phan tich dinh
luong. Khéi lugng ctiia nguyén td, ion hay gc sau d6 duoc tinh tir cong thire da biét cua hop

chat va mbi lién quan giira khdi luong nguyén tir va cac nguyén to hop thanh.
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C6 thé dé cap t6i nhitng Iy do ma phuong phap phap phan tich khdi lwong van duoc st dung,

mic du nhuge diém co ban trong moi trudng hop 1a ton thoi gian:
- La mét phuong phép c6 d6 chinh xéc khi str dung can phan tich hién dai.

- C4c nguyén nhan gy sai so co6 thé dé dang kiém tra, tir phan nudc loc co thé kiém tra su két

tua hoan toan hay chua va co6 thé kiém tra sy c6 mat cua cac tap chat trong két taa.

- La phuong phap dung tuyét di, chung ta c6 thé do truc tiép ma khong phai thiét 1ap duong

chuan.

- Céc thiét bi lién quan dung cho phép xac dinh khong dat tién, cac khoan dat tién nhat 1a 10

nung va mot vai chén Pt.

Phuong phap phan tich khdi lugng 1a mot phuong phap phan tich vi luong, thudng ding dé
so sanh voi nhiéu qua trinh phan tich dinh lugng khac. Vi két qua c6 do chinh xéc cao, thim

chi v6i diéu kién phong thi nghiém thudng, nd c6 d6 1ap lai két qua trong khoang 0,3-0,5%.

12.1. Xac dinh SO,%
12.1.1. Co s¢ phwong phap

S0%~ duoc két tua tir dung dich v6i mot lugng du Ba*
S0Z~ +Ba’" = BaSOy,

Loc rira két ta thu duogc két tia BaSOy sach, say kho va nung dén khdi luong khong ddi. Tir

khdi lwong ctia BaSOy suy ra ndng do ciia SOZ~.

Luu y:

+ BaSOy 1a két tua tinh thé, cac diéu kién tién hanh két taa tuan theo cac diéu kién t6i wu cta
két tua tinh thé: tién hanh két tua tir dung dich va thudc thir lodng, qua trinh thém thudc thir
cham, khudy déu (gidm dé bdo hoa cuc bé dung dich), két tia tir dung dich nong (muc dich
lam ting do tan s), hat bé tan ra, hat 16n tiép tuc 16n. Thém H' vao dung dich dé ting d6 tan
cua két ta. Két tia xong, dun trén bép — qua trinh 1am mudi két taa, két tia hoan chinh va
16n 1€n, thoi gian 1h, 2h, .., 8h... dem loc rua. Rua hét CI” (BaCl, la chdt it bay ho, néu chua

rirka sach né sé lan trong BaSOy lam sai két qua phan tich).
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+ Trong qua trinh tro héa trén bép dién co thé xay ra sy khir BaSO4 boi C

tO
BaSO4+ 2C - BaS +2CO;
Sai sb nay c6 thé khic phuc dugc néu dét nong lau két tia trong khong khi:
BaS +20, — BaSOq

Khong nung két tiia & nhiét d6 qué cao vi ¢6 thé xay ra sy phan hiy BaSO,

tO
BaSOs — BaO + SO;3
Nhung két tia dé dang bi khtr thanh dang sunfit & nhiét d6 khoang 600 °C béi C cua gidy loc:
BaSO4 +4C =BaS +4CO

Qua trinh khir ndy c6 thé tranh dwoc néu khi tro héa gidy loc khong c6 ngon lira, sau d6 dé
cacbon chay chdm & nhiét do thap vé6i lugng du khong khi va khi co da khong khi thi BaS
chuyén héa thanh BaSO,.

12.1.2. Céch tién hanh

Lay chinh x4c 10,00 mL dung dich chira SO~ cho vao cbc ¢6 mé 250 mL, thém 3-4 mL
dung dich HCI 2N, 2-3 mL dung dich axit picric 1%, pha thém nuéc cat dén 120 mL, dun coc
chira dung dich dén khoang 70°C.

Léy khoang 5 mL BacCl, cho vao coc ¢6 mé 100 mL, thém nude cat dén khoang 50 mL, dun

dén 70-80 °C.

ROt tir tir BaCl, theo diia thuy tinh, tién hanh két tia dén hoan toan. Dé kiém tra xem két tia
da hoan toan hay chua, doi két tia lang xudng, rét dung dich BaCl, theo thanh cdc xudng
dung dich dang két tua, quan sat tai phan trong sudt tiép xtc gitra hai dung dich, néu khong

théy van duc thi két taa dugc coi 1a hoan toan.

Pun cach thuy cdc khoang 1h, loc rira két tia (riea hét CI, kiém tra bang cach ldy mét it
niede loc & cudng phéu cho vao mot coc sach trong sudt chira mot vai giot dung dich AgNO3,

néu khéng thdy van duc thi qud trinh rica dwoc coi la da sach CI).

Khi loc can c6 phéu thuy tinh, gidy loc va dila thiy tinh. Gap do6i roi gip tu to gidy loc. Dit to
gidy loc theo hinh vong cung roi tach ba 16p gidy thanh hinh nén (xem cdch gdp gidy loc &
bai 1). Bat to gidy loc vao phéu. Nho vai giot nudc cho tham uét to gidy. DO chit 1ong tir tir

theo diia thuy tinh.
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Chuyén gidy loc chira két tiia vao chén nung. Thyc hién tro hoa trén bép dién.

Nung két taa & nhiét d6 800 °C khoang 30 phut, 14y ra binh hit am, dé ngudi, can ghi khdi
lwong BaSO,. Thyc hién lai thao tac cho téi khdi lwong khong doi.

12.1.3. Tinh toan

Mpys0,= Mo — My
m,: khoi lugng ctuia chén trude khi nung, g

m;: khoi lugng cia chén va két tia sau khi nung, g

mg,s0, (8)

g
Mgaso, (m) X Vso2-(ml)

Csoz- = x 1000 , mol/l

Vsoz-: thé tich ciia SO3~ da lay ¢ dung dich can phan tich dem két tia, ml
12.2. Xac dinh Fe**
12.2.1. Co sé phwong phap
Fe’" duogce két tia tir dung dich v6i mot lvong du NH4OH
Fe’* + 3NH,OH = Fe(OH)3, + 3 NH;

2F€(OH)3L = F€203 + 3H20

Loc roa két tia thu duoc két tia Fe(OH); sach, sdy kho va nung & 800°C

dén khéi lugng khong dbi. Tir khdi lwong cua dang can Fe,O; suy ra ndng do cua Fe*.

Luu y: Khong thé thay dung dich NH,OH bang dung dich NaOH vi trong qua trinh rira khong
thé rira hét jon Na', ma khi nung hop chat cuia Na' khong hoa hoi hoan toan, do d6 sau khi

nung van con 1an hop chit ciia Na” trong dang can.

Luu y: Fe(OH); 1a két tia vo dinh hinh, cac diéu kién tién hanh két tia tuan theo cac diéu
kién tdi uu cua két tia vo dinh hinh:

Yéu ciu:

- Tao két tiia c6 d6 chic nhat dinh. Dung dich phan tich va thudc thtr trong dbi dic, nong sé

thu dugc két tiia chac khong xdp

- Két ta it bj nhiém ban. Qua trinh thém thudc thir nhanh, khudy déu, két tua tir dung dich

nong (dé lam gidm qud trinh hdp phu tap chat).
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- Tranh tao keo (tich s6 tan ciia Fe(OH);3 bé dé tao keo), kich thudc cua hat keo nho d& chui
qua gidy loc luc loc rira. (Kich thuée cia hat keo trong khodng 1-100 nm, thong thwong thi
gidy loc gitt lai nhitng hat c6 kich thudc khoang tir 10 um) [1]. Do vay, tién hanh két taa khi
c6 chit dién ly manh. Trong bai thi nghiém, NH4NOs la chét dién ly manh giup ngan ngura sy
tao hé keo va ddy nhanh qua trinh dong tu két tiia v6 dinh hinh. Néu trong khi nung két tia c6
sinh ra Fe;O4 thi sy ¢6 mat cia NH4NO;5 véi vai tro chét oxi hoa s& oxi hoa hoan toan Fe;0y4
thanh Fe,03. Co thé thay NH4NO; béng céc chét khac nhung phai ddm bao 2 diéu kién: 1a
chat dién ly manh va bay hoi hoan toan khi nung, vi du nhu NH4Cl, tuy nhién chat nay khong
co kha l’lf’il’lg oxi hoa F€304 thanh F6203 nhu NH4NO3

- Sau khi két tiia xong phai pha lodng bang nudc cit va loc ngay (thé tich dung dich ting,
nong do tap chat giam, qud trinh hap phu phu thuéc nong do tap chat), khong ngam lau tranh

hién tugng két toa sau.

Phai rira hét ion CI™ vi néu trong két tia Fe(OH); c¢6 1an ion Cl” dudi dang NH,CI thi khi
nung ndng sé& tao hop chat FeCl; dé bay hoi (do tao dimer Fe,Clg), 1am mét déang ké luong Fe
c6 trong két tiia

Fe(OH); + 3NH4Cl — FeCl; + 3H,0 + 3NH;

Ngoai ra, khi nung nong Fe,O3 c6 sy c6 mit cua FeCls xay ra phan ing

350°C
F6C13 + Fezo3 —— 3FeOCl
12.2.2. Céch tién hanh

Pun s6i khoang 100 mL nudc cat.

Chuan bi dung dich NH;NO; 2% néng.

Lay chinh xac 10,00 mL dung dich chira FeCls cho vao cbc ¢6 mé 250 mL, thém 3-4 mL
dung dich HNOs 2N. Pun cdc chtra dung dich dén khoang 70-80°C (khdng dun nong qud vi
bay hoi FeCl3).

Lay khoang 10 mL NH4OH cho vao cbc ¢6 mé 100 mL (khdng dun néng!). Rot nhanh dung
dich NH4OH vao dung dich FeCl; dang nong, khudy lién tuc (thuc hién trong ti hut), rot

thém 100 mL nudc nong, dat 1én bép khudy nhe va dun nong lai.

Pem cbc phéan Gng vé vi tri 1am viée, doi két tua léng 16i loc ngay. Qua trinh loc 1a lgc gan va
nong, gan ldy phan két tia dé rua tiép, phan nudc loc duge di qua phéu loc. Két tua con lai
trong coc duoc dem rira tiép bang dung dich nong NH4NO; 2% mdi 1an khoang 20 mL dén
khi hét ion C1” (Dung vai giot dung dich sau cudng phéu cho vao cc c6 mo dung vai giot

dung dich AgNOs, néu thay dung dich khong bi van duc 1a dugc).
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Sau khi d3 rtra hét ion CI, chuyén két tua vao gidy loc, vét cho sach két tua & diia thuy tinh

va coc, dé giay loc rdo nudc, chuyén ca két tua va gidy loc vao chén stir da nung va can trudc,

say kho.

Tro hoa trén bép dién (hodc ¢ phia ngoai 16 nung)

Nung & nhiét d6 800 °C khoang 30 phut, liy ra binh hit am, dé ngudi, can ghi khdi luong

Fe,0s. Thyc hién lai thao tac cho t&i khdi lwong khong doi.

12.2.3. Tinh toan

Mpe,0,~ Mo — M

my: khoi lwong ciia chén triede khi nung, g

m;: khoi lwong cua chén va Fe;O; sau khi nung, g

2 X MFe,04(8)

Cp3+=
F
€ MF8203( £

mol

Vies+: thé tich ciia Fe’ da ldy & dung dich can phan tich dem két tiia, mL

12.3. Dung cu va héa chét

- Céc c6 m6 100 mL

- Céc c6 mo 250 mL

- Diia thuy tinh

- Ong dong

- Bép dién

- Chén nung

- Can phan tich

- Lo nung

- Gidy loc

- Phéu loc

- Binh n6n 250 mL

- Pipet 10 mL

- Qua bop cao su

- Dung dich axit picric 1%
- Dung dich AgNOs 0,05N
- Dung dich axit HC1 2N

- Dung dich NH4NO3 2%

) X Ve (ml)
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- Dung dich NH,OH

- Dung dich can phan tich FeCl;
- Dung dich cén phan tich SOZ~
- Dung dich BaCl,

12.4. Cau héi 6n tap

1. Néu cach tién hanh thi nghiém xac dinh ndng d6 ion Fe*” theo phwong phap phén tich khbi

luong.

Trinh bay cac diéu kién dé thu dugc két tia Fe(OH); tot nhat. Vai trd cua axit HNO; va
NH4NO:s.

Tai sao phai rira hét C1?

Trinh bay cach xir Iy chén nung truéce khi dem nung véi két tua.

Trinh bay vai tro cia NH4NO;. Co thé thay NH4NO; béng chét nao khac?

Néu thay dung dich NH; bang dung dich NaOH dé két tua Fe*™ c6 duoc khong? Vi sao?

Cho biét uu diém va nhuoc diém cua phuong phap phan tich khdi lugng so voi phuong phap

phan tich thé tich.

2. Néu cach tién hanh thi nghiém xac dinh néng do ion SO3~ theo phuong phap phan tich
khdi luong.

Cho biét vai trd cta axit HCI va axit picric.

Tai sao phai rira hét C1°?

Trinh bay cac diéu kién tro hoa va nung két tia.

Giai thich viéc nung dén khéi luong khong doi.

3. St tir 12 loai khodng c6 cong thirc 1a Fe304 hay FeO.Fe;03. Ly 1,1324g mau quing sat
tr hoa tan trong axit HCl dac, thu dwgc dung dich chira Fe?* va Fe3*. Axit HNO3 duoc
thém vao dé chuyén héa toan bd hén hop st thu dwoc vé dang Fe3+. Sau d6 Fe3+ dwoc
két tua dwdi dang Fe203.xH20 bang cach st dung NHs. Sau khi loc rira, két tiia dwoc nung
& nhiét do cao va thu dwoc 0,5394¢g Fe,03 tinh khiét (159,69 g/mol).Tinh:
A. Phan tram Fe (M = 55,847 g/mol) trong miu quing:
a,31,12% b, 32,32% ¢, 33,32% d, 33,22%
B. Phan tram Fe304 (M = 231,54 g/mol) trong mau quing (gid st 3 mol Fe203; dwoc tao
ra tr 2 mol Fe304):
a, 46,04% b, 46,32% c, 46,42% d, 46,22%
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