LOI NOI PAU

Chuong trinh Hod hoc dai cuong danh cho sinh vién cac nganh ki thuat co6 2 tin
chi (30 tiét) gdbm ca 1i thuyét va thuc hanh. Dé phuc vu cho viéc day, hoc hoc phan
Hoda hoc dai cuong ching t61 bién soan tap bai giang Hod hoc dai cuong, ndi dung
cuén sach gom 2 phan:

Phin 1. Ly thuyét héa hoc dai cwong

Chuong 1 : Ciu tao nguyén tir va hé théng tuan hoan cac nguyén t6 hoa hoc

Chuong 2 : Lién két hoa hoc va cdu tao phén tir

Chuong 3 : Nhiét dong hod hoc

Chuong 4 : Toc do phan (mg hoa hoc. Can bang hoa hoc

Chuong 5 : Dung dich

Chuong 6 : Dién hod hoc

Chuong 7 : Pai cuong vé cic chat vo co
Phan 2. Thye hanh héa hoc dai cwong

Bai 1. Bai m¢ dau

Bai 2. Can bang hoa hoc-Tbc do phan tmg héa hoc

Bai 3. Dung dich

Bai 4. Dién hoa hoc

Bai 5. Tinh chat mét s chét vo co

Trong mdi chuong ¢ cac bai tap li thuyét, cudi mdi chuong cé bai tap va kém
theo dap sb.

Tac gia chan thanh cam on cac ban dong nghiép di dong goép ¥ kién cho noi
dung tap bai giang.

Tac gia mong nhan duoc y kién dong gop vé nodi dung, hinh thirc ctia tap bai

giang dé lan tai ban sau thém hoan thién hon.
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PHAN 1. LI THUYET HOA HQC PAI CUONG

CHUONG 1. CAU TAO NGUYEN TU VA
HE THONG TUAN HOAN CAC NGUYEN TO HOA HQC

1.1. Thanh phin ciu tao ciia nguyén tir. Kich thwéc, khdi lwong nguyén tir
1.1.1. Thanh phén ciu tao ciia nguyén tir

Ngay nay, nguoi ta di biét ring nguyén tir gdbm cé hat nhan mang dién tich
duong va 16p vo mang dién tich am.
a. Lop vo

Lép vo nguyén tir gdm cac hat mang dién 4m goi 14 electron (hay dién tir)

Pién tich cua cac hat electron déu bang nhau va bang -1,602.10"°C. Pay la dién
tich nho nhét vi vay duoc goi 1a dién tich nguyén t6.

b. Hat nhdn

Hat nhan nguyén tir gdm cac hat proton va notron.

Proton c6 dién tich dung bang dién tich cua electron nhung ngugc dau. Dé
thuan tién nguoi ta quy udc lay dién tich nguyén t6 lam don vi, khi dé dién tich cia
electron l1a 1- va dién tich cta proton la 1+.

Notron khong mang dién, c6 khdi luong xap xi bang khéi luong cia proton.
Khéi lugng, dién tich, ki hi¢u cua electron, proton, notron ghi & bang 1.1

Bang 1.1. Khéi lugng, dién tich cta cac hat electron, proton, notron

Tén Ki hiéu Khéi lugng Dién tich

m,=9,1095.10*kg ~1,602.10"°C

Electron E 5
M, ~0,549.10°dvC 1-
m,=1,6726.10*"kg +1,602.10°C

Proton P
m, ~1dvC 1+
m, =1,6750.107kg

Notron N 0
m, ~1dvC
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1.1.2. Kich thwére, khoi hrong clia nguyén tir
Ngay nay, khoa hoc c6 thé x4c dinh duoc kich thuée, khbi lugng ctuia nguyén tu
va cac thanh phan ciu tao nguyén ti.

Kich thuée: Néu hinh dung nguyén tir nhu mot khdi cau thi né c6 duong kinh
khoang 10"°m hay 1A. Nguyén tr nho nhat 1a hidro c6 ban kinh khoang 0,53 A
(LA =10"m).

Dbuong kinh cta hat nhan nguyén tir con nho hon, vao khoang 10°* ﬁ&

\ 0
Dbuong kinh cua electron va proton lai con nhé hon nhiéu: khoang 107 A
Khoi lwong: Khbi luong mot nguyén tir vao khoang 10'26kg. Nguyén tir nhe
nhat 13 hidro c¢6 khéi luong 1a 1,67.10%"kg

1.2. Cau tao nguyén tir
1.2.1. Ciu tao nguyén tir theo quan diém ciia co hoc ¢6 dién
a. Thuyét Ruzopho (Rutherford) 1911

Ruzopho cho rang: Cdc electron quay xung quanh hat nhdn giong nhw cdc
hanh tinh quay xung quanh mdt troi.

Theo thuyét dién dong luc hoc, hat mang dién nhu electron khi chuyén dong
tron s& phat ra ning luong dudi dang btc xa. Nhu thé, electron lién tuc mat ning
luong va cudi cung roi vao hat nhan do d6 nguyén tir khong ton tai. Mit khac, theo
thuyét Ruzopho quang pho phét xa ciia nguyén tir phai 1a quang pho lién tuc, nhung
thue té cho thiy ring quang pho phat xa ctia nguyén tir 1a quang pho vach.

b. Thuyét Bo (Bohr) 1913

Thuyét Bo gdm ba dinh dé:

i. Electron chuyén dong quanh hat nhan trén nhitng quy dao tron dong tam, ban
kinh ti 1¢ véi nhau theo binh phwong ciia nhitng s6 nguyén
FylFol Fgennn... r,=1%2%3%...... n? hay: r,=r;n

n 14 s6 luong tir chinh

- Khi chuyén déng trén quy dao, electron khéng phdt hay thu ndng lwong do dé
ban kinh khéng thay doi.
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Sy thu hodc phat ning luong chi xay ra khi electron chuyén dong tir quy dao
nay dén quy dao khac.

- Khi electron chuyén déng tir quy dao ndy dén quy dao khdc, né sé thu hodc
phat mot luong tr nang luong. Nang lwong do co thé thé hién dudi dang burc xa dién

. A hc
tir ¢o tan so v (nuy), 8=h\/=7.

Thuyét Bo di giai thich thanh cong nguyén nhan su phat xa, tinh gian doan
quang phd phat xa cta nguyén tir hidro.

Khi phong dién qua hidro, thi electron ¢ quy dao K (n = 1) trong c4c nguyén tir
hidro chuyén dén muc ning luong cao hon (n = 2,3,4.....). Cac trang thai méi ndy cia
nguyén tir hidro duoc goi 14 trang thai kich thich. O trang thai kich thich, cac electron
ludn c6 xu huéng chuyén vé muc ning lugng thip hon (nhdy vé quy dao gan hat nhan
hon). Trong qua trinh nhay vé, s& c6 su phat nang lugng timg luong tir, dudi dang céc
blic xa 4nh sang co tan sd v .

Néu ng > 2, n. = 1 ta dugc cac vach
trong day Lyman

Néu ng > 3, n, = 2 ta dugc cac vach
trong day Balmer

Néu ng > 4, n. = 3 ta duoc cac vach

trong day Paschen

Néu ng > 5, n, =4 ta duge cac

vach trong day Bracket : \ Bracket

. Plfund

Néu ng > 6, n. = 5 ta dugc cac
vach trong ddy Pfund Hinh 1.1. Su xuat hién cac day pho
Ctia nguyén tir hidro theo thuyét Bo

Vi ng, N ¢6 nhitng gia tri gian doan nén ¢ hay v ciing phai ¢6 nhitng gia tri gian
doan. Do d6 quang pho phai 13 quang phd vach (hinh 1.1).

Thuyét Bo da thanh cong trong viéc gii thich quang pho hidro. Cac phép tinh
vé budc séng, do dai song cua cac vach quang phd...trong nguyén tir pht hop véi thuc

nghiém.
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c. Thuyét Xomophen (Sommfen)

Theo Xomophen mdi quy dao Bo thuc ra la mot 16p quy dao, trong do co6 ca
quy dao tron va quy dao elip. Xomophen ciing dua ra thém sb luong tir phu | dé mo ta
trang thai nang lugng cua electron trong nguyén tir.

Thuyét Bo-Xomophen khéng giai thich dwogc that chi tiét quang phd cua cic
nguyén tir nhidu electron. B&i vy mau nguyén tir Bo-Xomophen can duogc thay thé

bang nhimg quan diém hién dai ctia co hoc lugng tir.

1.2.2. Cau tao nguyén tir theo quan diém hién dai ciia co hoc hrong tir
a. Nhitng tién dé ciia co hoc lwong tir
e Ban chit song hat cua electron

Theo quan diém cua vat 1i hién dai photon vita c6 ban chat séng, nghia 13 c6 tan
s6 dao dong v va toc d6 chuyén dong c; vira c6 ban chat hat, nghia 1a c6 khoi lugng m
va cung téc do chuyén dong c. Tinh chat nhi nguyén cta photon dugc thé hién bang

bidu thie: A= .
mc

Trong d6: & mo ta tinh chét song, m mo ta tinh chét hat
Nim 1924 Do Broi (L de Broglie) dua ra gia thuyét 1a khong phai chi c6 photon
m&i c6 ban chit séng ma nhitng hat vi mé nhu electron chang han ciing ¢ tinh chat

d6. Chuyén dong ciia cac hat vi mo c6 thé xem 1a chuyén dong song, budc séng cia
2 an L ea A s h
chuyén dong do6 tuan theo hé thic: A = " (1.1)

ft nam sau quan diém vé ban chat séng cua electron di duoc Davison
(C.Davison) va Geme (L.Germen) chimg minh bang thuc nghiém.
e Hg¢ thuc bat dinh Hayxenbe (W Heisenberg) 1927: Khéng thé xdc dinh dong thoi
chinh xdc ca vi tri va téc d6 cua vi hat.

Chéng han, mdt hat chuyén dong theo phuong x véi do bt dinh vé toa d6 1a Ax
va do bat dinh vé toc do Av, thi hé thire bat dinh c6 dang:

AX.Av 2

Y- (1.2)

Trong d6: h 1a héng s6 Plan (Planck); m la khoi lugng cua vi hat
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Ap dung hé thtrc bit dinh cho nguyén tir ta thay electron khong thé quay trén
quy dao quanh hat nhan chinh xac nhu Bo. Piéu d6 c6 nghia 13 khong thé 4p dung co
hoc ¢6 dién ctia Niuton cho céc vi hat ma phai xay dung mon co hoc moi, do 1a co hoc
luong tir.

b. Phwong trinh Srodinhgo (E.Schrodinger)

Co hoc lwong tir nghién ctru chuyén dong cua cac hat vi mo. Co sd cua co hoc

luong tir 1a phuong trinh séng Srodinhgo. Dang tong quat cta phuong trinh Srodinhgo

nhu sau: HY = EY (1.3)

2
Trong d6 H: Toan tir Haminhton (Hamilton), H = - h2 A+U;
8n“m
h: Hang sb Plan;
% o &

A:Toén tir Laplac (Laplace), A = 5t 5t >
Ox 8y 07
m: Khoi luong electron;
U: Thé ning cia electron;
E: Ning lugng toan phan cua electron.

Giai phuong trinh (1.3) s€ tim dugc ham y cua electron va nang luong cua
electron tuong ung véi nd. Viéc gidi chinh xac phuong trinh Srodinhgo chi thuc hién
dugc v6i nguyén tir va ion c6 mot electron. Véi cac nguyén tir nhiéu electron phai
dung phuong phap gan dung. Két qua cta phuong phap nay giai thich thoa man cac sd
li¢u thuc nghiém.

Khi giai phuong trinh Srodinhgo ddi
v6i nguyén tr hidro thu dwoc cac két qua
sau:.

A. Ham séng v phu thudc vao ba sb

nguyén n, |, m (m: sb lugng tir tir).

B. Nang lugng cua electron bién
thién gian doan theo n.

Xac suét tim théiy electron cuc dai ¢ Hinh 1.2. D4m may electron cua

nguén tr hidro.

Trang 12/229



khoang cach ddi vé6i hat nhan bang 0,53 A. (hinh 1.2)
Nhu thé xac suit c6 mat electron xung quang hat nhan nguyén tir khoang 90%

goi 1a may electron. May electron ciia nguyén tir hidro 1a hinh ciu ban kinh khoang

0,53A.

Nhu vay, trong co hoc lugng tir khong con tdn tai khai niém quy dao ma dugc
thay bang obitan nguyén tir. Mot obitan nguyén tir 13 mot ham y cua electron trong
nguyén fur.

Vay, vimg khéng gian trong dé xdc sudt tim thdy electron Iém nhdt la obitan
nguyén t.

c. Bon so lwong tir diic trung cho trang thdi ciia electron trong nguyén tir

Két qua giai phuong trinh Srodinhgo cho thidy ham soéng y cia electron phy
thudc vao ba sb lugng tir n, |, m va dugc ki hiéu 13 yym. HAM i, tng véi ba gia tri
cta n, |, m duoc goi la mét obitan nguyén tir.

Nhitng két qua nghién ctru li thuyét va thuc nghiém cho théy viéc mo ta mot
electron trong nguyén tir 1 khong day du khi chi sir dung ba sb luong tir trén, ma can
phai dua ra mot sd luong tir nita 13 s6 Lwong tir spin ms,

e S6 luong tir chinh (n)

Céac electron ciia nguyén tir dugc chia thanh ting 16p electron, mdi 16p duoc
dic trung bang mdt gid tri ciia sé6 heong tir n. SO luong tit n nhdn cdc gid tri nguyén
duong tur 1 tro lén.

Gia tri cta n 1 2 3 4

Ki hi¢u 16p electron K L M N

Dbi voi nguyén tir hidro hodc ion mét electron nhu He*, Li**, n ddc trung cho
mitc nang lwong cia electron trong nguyén tir hay ion duoc xét va duoc tinh bang

A . Z?
cong thirc E = _13’6F6V' (1.4)
Trong d6, Z 12 Sb proton ctia nguyén tir dugc xét.
Déi voi nguyén tir nhidu electron, ngoai su twong tac cua cac electron véi hat
nhan, con c6 su tuong tac gilra cac electron v4i nhau, nén nang lugng cua electron con

phu thudc vao hai sé luong tir, d6 1a sd lwong tir n va sé luong tir | . Vi vy trong
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truong hop nay gia tri cia n chi ddac trung cho mucc nang lwong trung binh cua mot
lop.
e S6 luwong tir phu (1)

Mbi 16p electron tir n = 2 tré 1én gom nhiéu phdn I6p. M&i phan 16p electron
dic trung bang mot gia tri cua sd lugng tir | . S6 phan 16p cia mdi 16p bang gié tri n
chi lop do.

S6 heong tir phy | nhdn cdc gid tri nguyén dwong tir 0 dén (n - 1)

Gia tri cua | 0 1 2 3..(n-1)
Ky hiéu cac phanlép :s p d f...

Dé chi phan 16p thudc 16p ndo nguoi ta ghi gia tri cta n chi 16p d6 trude ky hidu
phan 16p.

Vidu: Lop K (n= 1) ¢c6 mot phan 16p 1s (s6 1 chi 16p n = 1, chit s chi phan 16p
I =0);

Lop K (n=2) c6 hai phan 16p: 2s (n=2; | =0)va2p(n=2; | =1);

Lép M (n=3) co baphan 16p:3s(n=3; 1 =0);3p(n=3; | =1)va3d(n=3; I
=2);

Lop N (n=4) c6 bon phan 16p: 4s (n=4; 1 =0);4p(n=4; 1 =1);4d (n=4; |
=2)vadf(n=4;1 =3).

Yy nghia:

- | dac trung cho phan 16p electron;

- | déc trung cho phan muc nang lugng cua cac electron trong 16p eletron khao
sat, trong mot 16p electron nang lugng cua cac electron tang theo thir tuw ns - np - nd -
nf;

- | déc trung cho hinh dang obitan (hinh 1.3) va momen dong lugng obitan,
nghia 1a mdi gia tri ctia |, obitan c6 hinh dang x4c dinh va mémen dong luong obitan

c6 gia tri xac dinh.
"= %JI En

1L : Mémen dong lugng obitan, h: Hang sb Plan.
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z

dax

Hinh 1.3. Hinh dang va su dinh hudéng cac AO s, p vad

e SO luong tir tir m
S6 lwong tir tir déic trung cho sw dinh hiedng ciia obitan trong khéng gian (hinh

1.3). N6i cach khac no dic trung cho hinh chiéu ciia vecto momen dong lugng obitan

theo phuong z: p, = Zlm
T

1,: Hinh chiéu cua vecto momen dong luong obitan theo phuong z.
So gia tri cua sb luong tir tr phu thude vao $6 luong tr phu | . Ung vO1 mot gia

tricta | c6 (21 +1)giatriciamti-1 dén+1 (ké ca gia tri 0).

Gia tri cia | Gia tri cia m
0 0
1 -1, 0, 1
2 -2,-1, 0, 1, 2
3 -3,-2,-1, 0, 1, 2, 3

e SO luong tir spin mg
Ngoai ba sb luong tir dic trung cho obitan, electron con duoc dic trung boi so

liwong tir spin. S6 lwong tir spin déic trung cho sw chuyén déng tw quay cia electron
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xung quanh truc riéng ciia nd, twong tu nhu qua dat ty quay xung quanh truc cua

minh. Chuyén dong nay goi 1a chuyén dong spin dic trung boi momen dong luong
i . : . C 1 .1
spin mg. SO Iuwgng tir spin mg chi ¢6 thé c6 hai gia tri la - va +—.

d. O luwong i

Mdi ham séng ym cua electron trong nguyén tir 1a két qua giai phuong trinh
Srodinhgo dugc goi 1a mot obitan nguyén tir (AO - Atomic Orbital). Mdi obitan
nguyén tir thuong duoc biéu dién bang mot 6 vudng va dugc goi 1a 6 luong tir.

LopK (n=1)— | =0 — m=0: ba gia tri niy Gng véi obitan 1s va dugc biéu

dién bang mot 6 lugng tir

LépL(n=2) > | =0—> m=0, cé obitan 2s:

— | =1 - m=-1, co obitan 2p,

— m =0, cb obitan 2p,

— m =1, cb obitan 2p,
Ba obitan 2p cung ning luong nén duoc viét dudi dang bao lugng tir lién nhau.

Lép M (n=3)

—1 =0 —> m=0, céobitan 3s:

—1 =1 — m=-1, cé obitan 3p,

— m =0, cé obitan 3p,

— m =1, cb obitan 3py
-1 =2 — m=-2,co obitan 3d,,

— m = -1, c6 obitan 3 d,

— m =0, c6 obitan 3d,2

— m =1, c6 obitan 3 d,,

— m = 2, O obitan 3d2 _y2)
-/

Niam obitan 3d cing ning luong duoc viét nim 6 luong tir lién nhau.
Nhue thé s6 lwong tr | xdc dinh hinh dang cac obitan, con 56 lwong tr m xdc

dinh huong cua cdac obitan xung quanh hat nhdn nguyén tir. Cdc obitan s ung voi | =
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0va m = 0 ¢6 dang hinh cau. Cdc obitan p g véi | = 1 ¢6 dang hinh qua ta déi hay
hinh sé tam noi, ba gia tri m = -1, 0, 1 Gtng v6i ba sy dinh hudng khac nhau cua ba
obitan p xung quanh hat nhan. Cac obitan d (I = 2) 1 hinh khdi bdn canh tiép xtic véi
nhau ¢ hat nhan. C6 nam obitan irng v&i nam gia tri cia m la -2, -1, 0, 1, 2. (hinh 1.3).
e. Sw phén bo cdc electron trong nguyén ti ¢ trang thdi co bin
e Nguyén ly loai trir (nguyén li Pauli)

Trong mot nguyén tir khong thé ton tai hai electron cé cing gid tri ciia bon sé
lwong turn, |, mvams.

Theo nguyén 1y nay, trong mot nguyén tir néu hai electron di c6 ba sé lugng tir
n, |, m giéng nhau thi s lugng tir thir tu mg phai co gia tri khac nhau.

Tur nguyén ly nay da xac dinh duoc:

S6 electron téi da trong mot o luwong twr la 2, ngudi ta ki hi¢u mdi electron béng

A

mot mii tén trong mot 6 luong tir ; I

S6 electron t6i da trong mét phén I6p la 2(21 +1);

S6 electron toi da trong mét I6p la 2n°.

Bang 1.2. S6 electron t6i da trén mot sb 16p va phan 16p

K L M N
Lopn
1 2 3 4
Phan 16p | 0 ol1/of1]2]o]1]2]3
ki hi¢u phan 16p S S|p|s|p|d|s|p|d]f
S e toi da & phan 16p | 2 2|6 [2|6[10]/2|6|10]14
S6 e toi da ¢ 16p n 2 8 18 32

e Nguyén Iy vitng bén: Trong nguyén tir, cdc electron & trang thdi co bén sé dwoc
xép tudn tw vao cdc obitan iing véi cdc phdn mire ndng lwong tir thdp dén cao.
Thuc nghiém cho biét thir ty d6 nhur sau:
1s<25<2p<3s<3p<4s<3d<4p<bs<4d<bp<bs <4f<bd <bp<7s<5f<..
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Vi du: Nguyén tir Mn ¢6 sb thir ty 13 25 trong bang hé thdng tuan hoan nén cé

25¢ (Z = 25). Viée sdp xép céc electron vao nguyén tir Mangan nhu sau: 1s? 25 2p°3s?
3p®3d° 4s%. Nhu vy sb electron & cac 16p nhu sau: Lop K (2¢), 16p L (8e), 16p M (7e),
16p N (2¢). D6 1a cau hinh electron cta nguyén tir dudi dang chi.
e Quy tic Hun: Trong mét phdn I6p chwa dii s6 electron téi da, cdc electron ¢é xu
huéng phdn bé déu vao cdc obitan (cdc é hwong tir) sao cho c¢6 sé electron djc thin
V6i cdc gid tri s6 leong tik spin cing déau 16n nhat.

Vi dy: Nguyén tr C (Z = 6), N (Z = 7) & trang thai co ban c6 cau hinh electron

nhu sau:

S I R )
A 1 72 O 4 I

Mot electron chiém mot AO (6 lugng tir) duoc goi la electron doc than.

Céu hinh electron nguyén tir dugc viét dudi dang 6 luong tir nhu trén goi 1a cau

hinh electron nguyén tir du¢i dang 6 lwong tu.

Trang 18/229



7

én to hoa hoc

4

an cac nguyeén

hé thong tuin ho3
1.3.1.Cautaocuab

1.3. Bang

(bang 1.3)

an hoan

tu

ang

>

/4

[LSEN rsel] 1962]] [eS2)| [FS2l| [Brel| LLvel] Lire]] [er2)| [EF2]| [LEE]| (22| [LES]] 282
1| oN|(PW|wd|s3| 10 |39 [wD|wy|nd |dN| N | Bd | YL |2 oy
coll zou| 1ol ooi| eel esl el 98l cel wel e6l el 16l o6 -
AL | EAL |BEAL|EAAL|EFIL|SZaL|6 a2 2G| 251 |[FOSL| AR L[S FrL{E0FL| LOFL
n1|gA(wi| 43 |0oH|AQ| 9L | PD|n3 |ws|wd|PN| id | 8D |9 0ih e
12l oo eal @l o] aal g9l val esl eal 19l ool esl md
[l [0 [lzeel|(az] [(gaz] [ (vaz) | [Se2] | 2Ll [(LLe] | [aaz]| Szl (292 | (Ea2]] (naz]| [aozl| [222] [ (5ze] | [E22]
onfysnnjynn|dnn|bnn|njgnn| by | sga| W |[sH|yg | bs|ga| ™ || 2v |ed | 14
bl ALL SEH SEL w0 =ERH 200 LEE OFH 601 801 £OH 901 SO FOL B3 pate] e
Zz2l | [012)]| [012) | 0602|2202 ¥ ¥02| 500z 261 LG6L|Z 0612 061|298 L6 eal|60sL|G 8L L] [Gael|E e LB 2l
ugd [ v |od| g |ad| IL|BH|nv | 1d | 1 [so|ad| M |[eL|H || =1 |ea]|sD
33 53 Fa ke Fate] L3 03 EL s s 9. 52 Fe s s L5 35 55
EIEL|E 9219 2L|B 1ZL ZBLLBFLLFLL|6L0L|Fa0Lt|620L| L [OL| [B6) |¥6S6| 6 25|22 16| | 16 88| 2a 26] Lk o
ax| | |eL|as|us | u |pD|By |pd|yd|ng|og (ow|an| 1z || A |15 |ay
¥FS5 £S5 5 L5 o5 Er aF LF aF S Fr cr cF L¥ 0F BE ac JE
03 E3| 0B |96 8|26 FLAIBS E4 | £4 BI|BE 59| 55 9| B3 35| E6 B5| S5 55| FE FS| 00 5| FE 05|38 AF| |96 FF(300F| 0L BE
il |eg|sy|an|enluz|ng | IN|oD|ad|uy| 10| A | LL|[2S|eD]| ¥
9 i O i ! [ ot s LE e T A il a [l L2 0z EL
SE'RE|SFSE|L0CE| LB DE(BOEE|BE OS] 2| LL 0L R o LZ ¥C|BEEE
wlp|s|dalis]| v . b | BN
ol afalal il sl [EY WO A1 N
aL0Z] BL |009L|DOFLLOEL LB DL 1 ooLL cLOB| LFE™S
aN| d | 0| N|OD| 8 0, ag| n
ol e 8l 4 g g H €
0¥ L1 9l Gl kL £l PN Z |BooL
aH H
g L
3L 352 oL L

Trang 19/229



a. Chu ki

Bang hé thong tuan hoan gom bay chu ki.

Céc nguyén tir ciia cic nguyén t trong cung mot chu ki déu ¢ sb 16p electron
bang nhau va bang s6 tht ty chu ki chira chiing.
Vi du: Cac nguyén tir ciia cac nguyén to chu ki 2 déu c6 hai 16p K va L.

Bang 1.4. Cdu hinh electron cua cic nguyén to

Chu ky Z Nguyén t6 Céu hinh electron
1 1 H 1st
2 He 1s°
3 Li [He] 2s
4 Be [He] 25
5 B [He] 2s° 2p*
2
6 C [He] 25 2p?
7 N [He] 2s% 2p°
8 o) [He] 2s% 2p*
9 F [He] 2% 2p°
10 Ne [He] 2s% 2p°
11 Na [Ne] 3s*
12 Mg [Ne] 3s°
13 Al [Ne] 3s% 3p*
3
14 Si [Ne] 3s? 3p?
15 P [Ne] 35 3p°
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16 S [Ne] 3s* 3p*

17 Cl [Ne] 3s% 3p°

18 Ar [Ne] 3s% 3p°

19 K [Ar] 4s

20 Ca [Ar] 4s?

21 Sc [Ar] 4s% 3d*

22 Ti [Ar] 4s% 3d?

23 \Y [Ar] 4s% 3d®

24 Cr [Ar] 4s? 3d°

25 Mn [Ar] 4s* 3d°

26 Fe [Ar] 4s% 3d°

27 Co [Ar] 4s% 3d’

28 Ni [Ar] 4s% 3d®

29 Cu [Ar] 4s' 3d™

30 Zn [Ar] 4s® 3d™

31 Ga [Ar] 4s* 3d™ 4p*
32 Ge [Ar] 4s? 3d* 4p?
33 As [Ar] 4s? 3d*4p®
34 Se [Ar] 4s% 3d"4p*
35 Br [Ar] 4s% 3d*4p°
36 Kr [Ar] 4s? 3d*4p°
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37 Rb [Kr] 5s

38 Sr [Kr] 557

39 Y [Kr] 5% 4d*

40 Zr [Kr] 55 40

41 Nb [Kr] 55 4d°

42 Mo [Kr] 5s* 4d°

43 Tc [Kr] 5s% 4d°

44 Ru [Kr] 5s* 4d’

45 Rh [Kr] 5s* 4d®

46 Pb [Kr] 5s° 4d"°

47 Ag [Kr] 5s* 4d™

48 Cd [Kr] 5% 4d"°

49 In [Kr] 5s% 4d" 5p*
50 Sn [Kr] 55° 4d™ 5p?
51 Sh [Kr] 5% 4d"° 5p°
52 Te [Kr] 5s* 4d™ 5p*
53 | [Kr] 5% 4d'° 5p°
54 Xe [Kr] 5% 4d' 5p°
55 Cs [Xe] 65

56 Ba [Xe] 6s°

57 La [Xe] 6s* 5d*
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58 Ce [Xe] 6s* 4f* 5d*
59 Pr [Xe] 6s* 4f° 5d°
60 Nd [Xe] 6s% 4f* 5d°
61 Pm [Xe] 6s% 4f° 5d°
62 Sm [Xe] 6s% 4f° 5d°
63 Eu [Xe] 6s% 4f 5d°
64 Gd [Xe] 6s% 4" 5d*
65 Td [Xe] 6s% 4f° 5d°
66 Dy [Xe] 6s% 4F*° 5d°
67 Ho [Xe] 6s% 4f* 5d°
68 Er [Xe] 6s% 42 5d°
69 m [Xe] 6s% 4" 5d°
70 Yb [Xe] 6s% 4f 5d°
71 Lu [Xe] 6s° 4f** 5d*
72 Hf [Xe] 6s* 4f'* 5d°
73 Ta [Xe] 6s* 4f* 5d°
74 W [Xe] 6s% 4f* 5d*
75 Re [Xe] 6s% 4F 5d°
76 Os [Xe] 6s% 4f 5d°
77 Ir [Xe] 6s* 4f* 5d"
78 Pt [Xe] 6s* 4f* 5d°

Trang 23/229




79 Au [Xe] 6s* 4f* 5d*°

80 Hg [Xe] 6% 4f'* 5d*°

81 Ti [Xe] 6% 4f* 5d™° 6p*
82 Pb [Xe] 6s% 4f* 5d™° 6p?
83 Bi [Xe] 6% 4f* 5d*° 6p°
84 Po [Xe] 6s* 4f** 5d*° 6p*
85 At [Xe] 6% 4f* 5d*° 6p°
86 Rn [Xe] 6s* 4f* 5d™° 6p°
87 Fr [Rn] 7s'

88 Ra [Rn] 7s°

89 Ac [Rn] 7s% 6d*

90 Th [Rn] 7s% 5° 6d°

91 Pa [Rn] 7s% 5 6d*

92 U [Rn] 7s° 5f° 6d*

93 Np [Rn] 7% 5f* 6d*

94 Pu [Rn] 7s% 5f° 6d°

95 Am [Rn] 7% 5f' 6d°

96 Cm [Rn] 7% 5f 6d*

97 Br [Rn] 7s% 5f° 6d°

98 Cf [Rn] 7% 5f*° 6d°

99 Es [Rn] 7s% 5 6d°
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100 Fm [Rn] 7% 52 6d°
101 Md [Rn] 7% 5f* 6d°
7 102 No [Rn] 7s2 5f 6d°
103 Lr [Rn] 7s% 5f* 6d*
104 Km [Rn] 7s% 5f* 607
105 Ns [Rn] 7s% 5f* 60°
b. Nhom

e Nguyéntds,p,dvaf

Nhitng nguyén t6 ma sw dién electron cudi ciing vao nguyén tir cia ching xdy
ra & phdn I6p s goi la cac nguyén té s. Cdc nguyén to nhom IA, II4 la nhitng nguyén
16 s.

Ciing dinh nghia twrong tu cho cac nguyén to p, d va f.

Céc nguyén td cac nhom tir IITA dén VIIIA 1a nguyén t6 p.

Céac nguyén t6 d déu ndm ¢ cac nhom B.

Céc nguyén td ¢ vi tri dic biét: Co thé ghép chung vao cac nhom IIIB, nhung
da s cac nguyén t6 f co tinh chat khac v6i cac nguyén té nhoém I1IB, nén tinh chit cia
ching thuong duoc khao sat riéng.

Céac nguyén t6 ma sy dién electron cudi cung vao nguyén tir xay ra & 4f dugc
goi 12 cac lantanoit hay cac nguyén to ho lantan (c6 sd Z tir 58 dén 71), con su dién
electron cudi cing xay ra & 5f goi 13 cac actinoit hay cac nguyén tb ho actini (co sé Z
tr 90 dén 103).

Céc nguyén t6 d va f con c6 tén 13 cac nguyén t6 chuyén tiép d va f.

e Nhém: Cac nguyén tir ctia cic nguyén td trong cung mot nhom déu cé cdu hinh
electron hod tri twong tw nhau. Pdy la yéu to co ban nhdt quyét dinh tinh chdt twong
tw nhau cia cde nguyén tir, cac don chdt va hop cht tao nén tir céc don chat dé trong

cung nhom.
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Sb oxi hoa 16n nhét cua da sb cac nguyén t6 bang sé tht ty nhom (trir flo, oxi,
cac nguyén t6 nhom IB, da sé cac nguyén t6 nhom VIIIB, cac lantanoit, cac actioit va
khi hiém). Vi duy, s6 oxi hod 16n nhét cua cac nguyén té nhém VA va nhomVB 13 +5.

e Nhom A: Nguyén tir ciia cac nguyén to nhom A cé nhitng dic diém cdu hinh
electron nhu sau:

- Su dién electron cudi cung vao cdc nguyén tir déu xdy ra & phdn I6p s hodc
phdn lop p.

Vi du: Nguyén tir ciia nguyén t6 Z = 4: 1s® 25 thuéc nhom A. Nguyén tir cia
nguyén t6 Z = 31: 1s% 2s? 2p° 3s” 3p° 4s” 3d'® 4p* déu thude nhom A.

- 86 electron ¢ 16p ngodi ciing ciia nguyén tir diing bang sé thir tw nhém chira

Vi du: Nguyén tir ciia nguyén td ¢6 Z = 31 thudc nhom IIIA.

Dé nhéan biét mot nguyeén td thudc nhom A nao ta dwa vao cau hinh electron
nguyén tir nhu sau:

Nhom IA  : Su dién electron cudi cing cua nguyén tu két thac & ns® (trir
hidro)

Nhom 1A : Su dién electron cudi cung két thiic & ns? (trir heli c6 ciu hinh
electron 15?)

Nhém 1A : Sy dién electron vao nguyén tir két thic & np*

Nhém IVA : Sy dién electron vao nguyén tir két thic & np®

Nhoém VA  : Sy dién electron vao nguyén tir két thuc & np3

Nhém VIA : Sy dién electron vao nguyén tir két thic & np’

Nhém VIIA : Su dién electron vao nguyén tir két thic & np”

Nhom VIIIA : Sy dién electron vao nguyén tir két thuc & np®

Nhém nay c6 thém nguyén t6 heli (Z = 2). Cac nguyén t6 nhom VIIIA c6 tén 1a
cac khi hiém.
e Nhom B: Cac nguyén t6 nhom B c6 nhitng dic diém cau hinh electron nguyén tir
nhu sau:

- Su dién electron cudi cling vao nguyén tir ciia cdc nguyén té xay ra & phan 16p

d hodc f.
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Vi du: Nguyén t6 Z = 30 ¢ ciu hinh electron: 1s? 2s” 2p° 3s® 3p° 4s? 3d™, su
dién electron cudi cung & phan 16p 3d.

Nguyén t6 ¢6 Z = 59 ¢6 cau hinh electron 1s?25?2p®3s?3p®4s?3d™ 4p° 5s% 4d™°
5p® 65 4f°, sur dién electron cudi cung & phan 16p 4f.

- 86 electron & I6p ngoai ciing cia cdc nguyén tir nhém B déu it hon 3.

- S6 thir tw nhém bang tong s6 s6 electron I6p ngodi ciing va sé electron & phdn
I6p (n-1)d hodic (n-2)f (trir cdc nguyén t6 nhém IB, IIB, VIIIB).

Vi du: Nguyén t6 c6 sb tht tw Z = 25 ¢6 cdu hinh electron 1s® 2s* 2p° 3s® 3p°
4s% 3d° & nhom VIIB vi ¢6 2 electron & 16p thtr 4 va 5 electron & phan 16p 3d.

Dé nhan biét mot sb nguyeén t6 thudc nhém B dua vao cdu hinh electron
nguyén tir nhu sau:

[11B: Nguyén tir ciia cac nguyén t6 nhém nay co hai phan 16p electron ngoai
cung la (n-1)d'ns®. Nguoi ta thuong ghép cac nguyén t6 ma nguyén tir ciia ching dang
dugc dién vao (n-2)f vao nhom IIIB. Tuy nhién tinh chit ciia cac nguyén t6 nay khac
nhiéu véi cac nguyén té nhom ITIB.

IVB: Nguyén tir c6 hai phan 16p ngoai cing 14 (n-1)d? ns®,

VB: Nguyén tir ¢6 hai phan 16p ngoai cing 1a (n-1)d® ns? (trir niobi 4d* 5s%).

VIB: Nguyén tir c6 hai phan 16p ngoai cung 1a (n-1)d* ns? (trir Cr va Mo: (n-1)d°

VIIB: Nguyén tir c6 hai phan 16p ngoai cing 1a (n-1)d® ns’.

VIIIB: Nguyén tir c6 hai phan 16p ngoai cing 13 (n-1)d®"® ns? (trir Ru, Rh, Pd,
Pt).

IB: Nguyén tir c6 hai phan 16p ngoai cung la (n-1)d*ns’.

11B: Nguyén tir c6 hai phan 16p ngoai cung 1a (n-1)d*’ns?,

1.3.2. Sy bién doi tuan hoan cau tric vo electron ciia nguyén tir cac nguyén to

So sanh cau tao v electron cua nguyén tor cac nguyén td thudc cac chu ki khéc

nhau trong bang tuan hoan, ta c¢6 thé rit ra nhitng nhan xét sau:
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Bang 1.5: Su bién d6i cu tao 16p vo electron theo ku ki

Chukil :s's?

Chuki2, 3: s's? pho.... p®
Chuki4,5:  shs® dh d° ph....... p®
Chuki6 : s's?d. f............ 0% d° pl....... p®
Chuki7 : s's®d f.......... % A

- Chu ki bat dau ¢ nguyén t6 ma phan 16p dau tién ciia 16p méi (phan 16p s) bat
dau co electron va chu ki két thiic & nguyén t6 ma phan 16p p cta cac 16p d6 di hoan
thanh.

Vi bét dau chu ki ¢6 sy thanh 1ap 16p electron moi, do do s6 thr tu chu ki ma
nguyén to chiém, bang sb 16p electron ma nguyén tir ctia nguyén té d6 co.

- Cdc nguyén té trong cung mét phan nhom (nhém A, nhém B) c6 vo electron
twong tw nhau (bang 1.6).

Bang 1.6. Su bién d6i ciu tao 16p vé electron theo nhom

Nhom A: 1A 1IA 1IIA IVA VA VIA VIIA VIIA

Sl 32 SZpl SZpZ SZp3 SZp4 SZpS SZpG

Nhém B: 11IB IVB VB VIB VIIB VIIIB IB 1B
dlSZ dZSZ d332 dSSl d582 dGSZ d782 dBSZ dlosl leSZ

Ho Lantan,
Ho Actini

Nhu vay, sé electron I6p ngodi cing ciia nguyén tir cdc nguyén té néi chung
bién doi tuan hodn khi dién tich hat nhén tang dan.

Ta biét rang, cdu tric electron trong nguyén tir cac nguyén td, dic biét 1a sb
electron 16p ngoai cung quyét dinh tinh chat hoa hoc cia cac nguyén to. Vi vay, sw
bién doi tudn hoan sé electron 16p ngodi ciing da quyét dinh tinh chdt tudn hoan ciia
cdc nguyén té va cdc hop chdt tao nén tir cdc nguyén t6 do.

P6 13 ndi dung cua dinh luat tuan hoan ciia Mendeleep.
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1.3.3. Nhirng tinh chit bién d6i tuan hoan ciia nguyén tir
a. Ban kinh nguyén tir va ion (R)

Bdn kinh nguyén tir cong hod tri bang ntra khoang cach gitta hai hat nhan cia
hai nguyén tir gidng nhau lién két don cong hod tri v6i nhau & 25°C. Vi du, khoang
cach giita hai hat nhan trong phén tir Cl, 1a 0,1998 nm (1nm = 10°m), nén ban kinh
nguyén tr cong hoa tri cua clo 1a 0,0994 nm.

Bdn kinh nguyén tir kim loai bang nira khoang cach giira hai hat nhan cta hai
nguyén tir kim loai gan nhau nhat trong tinh thé kim loai. Vi du, khoang cach gan nhau
nhat giita hai hat nhan natri trong tinh thé natri 1a 0,3716nm, nén ban kinh nguyén tir
kim loai natri 1a 0,1858nm.

Bdn kinh ion dwoc tinh trong tinh thé ion. Vi du ban kinh cia ion O% 4
0,140nm va ban kinh cta ion F™ 1a 0,136nm.

Tir trai sang phai trong mot chu ki, néi chung ban kinh nguyén tir giam dan va
trong chu ki nho ban kinh nguyén tir gidm nhanh hon so véi trong chu ki 16n.

Tir trén xudng dudi trong mot nhém A, bdan kinh nguyén tir va ion ting dan, Va
trong mot nhom B tir nguyén t6 thir nhat dén nguyén td thir hai cac ban kinh nay
thuong ting cham, tir nguyén to thir hai dén nguyén to thir ba thuong khong bién doi
may.

b. Ning lwgng ion hod cua nguyén tir (I)

Phéan biét ning luong ion hoa thi nhat I, ning luong ion hoa thir hai I,, ning
luong ion hoa thir ba I, ...

Ning luong ion hod thtr nhat I; cia nguyén tir 1 nang luong t6i thiéu can dé
tach mdt electron ra khoi nguyén tur ¢ trang thai khi, co ban thanh ion mang di¢n tich
1+ cling & trang thai khi, co ban:

Nguyén tir (k, cb) — lon"(k, ch) +e ,>0
I thuong duge tinh bang kJ/mol hoic eV (1eV tuong duwong véi 23,06 keal/mol
hodac 96,5 kJ/mol (Bang 1.7).
Vidu: Ca(k,cb) —> Ca'(k,cb) +e 1, =590 k/mol
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Bang 1.7. Ning luong ion hoa thir nhit I; cia mot sé nguyén t6 (kJ/mol)

NOWeR e | Li |Be| B | c | N| O | F | Ne
t
7 1| 2 [ 3 ]a]s] 6| 7] 8] 9 |10

1346 | 2372 | 520 | 899 | 800 | 1086 | 1043 | 1313 | 1680 | 2084

Nang luwong ion hoa thir hai I, tmg v&i qua trinh tach electron thir hai tir ion
mang dién tich 1+ nhu sau:

Ca'(kch) —» Ca*(kch) +e l, = 1145kJ/mol

Dinh nghia twong tu cho nang luong ion hoa tht ba (I3), thir tu (I4)... Trong
mot nguyeén tu ta luon ludn co: [; < I, < I5...< .

Nang luong ion hoa la dai lvong dac trung cho kha nang nhuong electron cua
nguyén tir khi tham gia phan vng oxi hoad - khi.

Tir trai sang phai trong mét chu ki ning leong ion hod thir nhdt néi chung ting
dan va dat gia tri cuc dai & nguyén tir cudi cung ctia chu ki (& nguyén tir khi hiém).

Tir nguyén tir khi hiém cta chu ki trude dén nguyén tir dau tién cua chu ki tiép
theo, ning luong ion hoa thir nhit giam xudng dot ngdt, rdi sau d6 lai ting dan cho dén
nguyén tir cudi cung cua chu ki, twong ty chu ki trude do.

Qua trinh bién thién cta I; nhu trén ctr lap di ldp lai tir chu ki nay dén chu ki
khac goi 1 sw bién thién tuan hoan ciia I,.

Tir trén xudng trong nhém A, gia i I, gidm dan, con trong nhém B su bién
thién nay cham va khong déu, nhung thuong giam dan tir trén xudng trong mot nhom.
c. Ai lwe vdi electron (E)

Ai luc véi electron 1a ning lugng dugce giai phong khi nguyén tir ¢ trang thai
khi, co ban nhan thém 1 electron dé tré thanh ion 4m & trang thai khi, co ban, ng véi
qua trinh sau:

A(k,cb) + e —> Ak, cb)
Vi du: Cl(k, cb) + e— CI'(k, cb) E; =-348 KJ/mol
Don vi cua E cling nhu cta I (kJ/mol) (Bang 1.8).
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Bang 1.8. Ai lyc electron E ciia nguyén ttr mot s nguyén t6 (kJ/mol)

Nguyén
] H He Li Be B C N O F Ne
To
Z 1 2 3 4 5 6 7 8 9 10
E 71 -21 79 -18 29 123 | -20 | 141 | 333 | -55

Ai lyc electron biéu thi tinh oxi hoa cta nguyén to. Ai luc electron va ning
luong ion hoa ciia mot nguyén t6 bién thién cung chiéu. Nang lwong ion hod tang thi
tinh khw giam, tinh oxi hoa tang do do adi luc electron tang.

Trong mot chu ki theo chiéu tir trai sang phai ning luong ion hoa va i luc
electron tang.

Theo chiéu tir trén xudng dudi thi ning lugng ion hod, i lyc electron giam.

d. Dj am dién (X)

D6 am dién cia nguyén t6 la khd nang hit electron ciia nguyén tir nguyén t6 do
trong hop chat.

Nguyén td c6 30 Am dién 16n s& nhan electron cla nguyén t6 c6 d6 am dién nho
hon.

Nguyén 16 ¢6 dé am dién Iom cé tinh oxi hod manh, nguyén 16 ¢6 dé éam dién
nho co tinh khw manh (tinh chdt cua kim loai).

Vé nguyén tdc, do am dién c6 don vi 1a kJ/mol. Tuy nhién, nguoi ta st dung do
am dién tuong ddi khi so sanh do am dién ctua nguyén td v4i dd am dién cta Li, nén do
am dién tuwong ddi khong c6 don vi. Bang 1.9 néu gia tri d6 Am dién cua mot sd

nguyén to.
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Bang 1.9. BJ am dién cua mdt s6 nguyén to

Li Be B C N O F
1,0 1,6 2,0 2,55 3,0 35 4,0
Na Mg Al Si P S Cl
0,9 1,9 1,6 1,9 2,2 2,6 3,15
K Ca Sc Cr Fe Zn Br
0,8 1,0 1,35 1,6 1,8 1,8 2,95

Trong mot chu ki tr trai sang phai va trong mot nhom tr dudi Ién trén noi
chung d6 4m dién ting dan.

Nhu vay, su bién doi cua R, I, E va X c6 thé miéu ta qua hinh vé sau:

IT, ET, X7T max

A 4

Amin

min

R|

A 4

max

Hinh 1.5. Sy bién thién cua R, I, E, X trong bang tuan hoan.

e. Mot sé tinh chit khdc bién doi tudn hoan
- Tinh chat kim loai - phi kim;
- S6 oxi hoa clia nguyén t;

- Tinh chat ctia cac oxit va hidroxit cac nguyén to nhom A.
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CAU HOI VA BAI TAP

1. Bai tap cac loai hat e, p, n
1.1. A va B 12 hai nguyén t6 & cing mot phan nhém va thudc hai chu ki lién tiép trong
hé théng tuan hoan. Tong s6 hat proton trong hai hat nhan nguyén tir ciia A va B 14 32.
Hay viét c4u hinh electron ciia A va B va cta cac ion ma A va B ¢6 thé tao thanh?
DS: Zp = 20; Zg) = 12.
1.2. Hai nguyén tb A va B & hai phan nhom chinh lién tiép nhau trong hé thdng tuan
hoan. O trang thai don chit A va B khong phan ung v6i nhau. Tong sd proton trong
hat nhan nguyén tir ciia A va B 1a 23. Viét cau hinh electron cta A va B.
DS: Zn=16;Zg) = 7.
1.3. Cho biét téng sb electron trong anion XR3* 1a 42. Trong cac hat nhan cta X ciing
nhu R sd proton bang s notron.
1. Tinh sb khoi ctia X va R?
2. Viét cau hinh electron va su phan b electron vao obitan & trang thai co ban
cua X, R?
bS: A:S;B: O
1.4. Mot hop chit ion duoc ciu tao tir ion M va ion R%. Trong phan tir MR c¢6 téng
sO hat (p,n,e) 1a 140 hat, trong d6 sb hat mang di¢n nhiéu hon sb hat khong mang dién
13 44 hat. S6 khéi cua ion M* 16n hon sb khéi cia R* 1a 23. Tong sb hat (p,n,e) trong
ion M* nhidu hon trong R% 14 31 hat.
1. Viét cAu hinh ion cua ion M* va R*?
2. Xac dinh vi tri cia M va R trong HTTH?
1.5. Mot nguyén tir ciia nguyén t6 R co tong sb cac hat 1a 40, thuoc phan nhém chinh
nhom 111, Xéac dinh nguyén té do.
bS: Al
1.6. Hop chét Y c6 cong thitc MX, trong d6 M chiém 46,67% vé khéi lugng. Trong
hat nhan M ¢6 sb notron nhiéu hon sb proton 1a 4 hat. Trong hat nhan X s6 notron
bang sb proton. Tong sb proton trong MX, 1a 58.
1. Tim Ay va Ax.
2. Xac dinh cong thuc phan tu cia MX,. DS: FeS,.
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2. Bai tap vé cac s6 lwong tir
1.7. Hiy cho biét gia tri va y nghia cta bdn s6 luong tir ddc trung cho trang thai cta
electron trong nguyén tur.
1.8. 1. C6 thé c6 cac phan 10p sau trong nguyén t nao dé khong? 2d°, 3s™, 4pt, 4s'.
Hay giai thich?
2. Cac nguyén t co cac phan 16p electron ngoai cung 1a 3s® 3p* va 4s® 3d*
1.9. Cho cac phéan 16p (phan muic ning luong) tng véi s6 luong tir sau:
1.n=3,1=2 2.n=5,1=1
3.n=2,1=0 4.n=4,1=3
Hay goi tén, xac dinh sd lugng tir tir va s6 obitan ctia mdi phan 16p trén.
1.10. Vi sao mdi bo 4 sd lugng tor dudi day khong thé 1a b 4 sb lugng tor ctia mot
electron trong mot nguyén tir nao d6?
1.n=3,1=+3, m=+1, mg=+1/2
2.n=2,1=+1, m=+2, mg=+1/2
3n=2,1=+1, m=-1, m=0
4.n=4,1=+3, m=-4, my=-1/2
1.11. Hay lap bang cac gia tri 4 s6 luong tir cho tig electron & trang thai co ban cia
nguyén tir ¢6 cau hinh: 1s225%2p?
1.12. C6 tbi da bao nhiéu electron tng véi:
1.n=2
2.n=2;1=1
3.n=3,1=1,m=0
4.n=3,1=2,m=0,ms=+1/2
1.13. Xac dinh tén nguyén tir c6 electron chét cung dién vao ciu hinh electron c6 bo 4
s6 lwong tr nhu sau:
1.n=2,1=0,m=0, mg=+1/2
2.n=2,1=1,m=1my=-1/2
3.n=4,1=0,m=0,mg=+1/2
4.n=3,1=2, m=-2, mg=-1/2
Biét Li(Z =3); Fe(Z = 26); Ne(Z = 10); K(Z = 19); O(Z =8); Zn(Z = 30)

1.14. Cho biét electron c6 4 s6 luong tir dudi day 1a electron thr may trong nguyén tir ?
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1.n=2,1=0, m=0, mg=+1/2
2.n=3, 1=1, m=-1, my=-1/2
3.n=3, 1=2, m=+2, mg=+1/2

4.n=4,1=2, m=+1, mg=-1/2
1.15. Cho biét bo 4 sb lugng tir g véi electron chot cing cia :

1. Mg (Z = 12) 2.Cl(Z=17)

3. Bai tip vé ciu hinh electron

1.16. Obitan nguyén tir 1a gi? Hay mo ta may electron ctia nguyén tir hidro.

1.17. Su phan bd cac electron trong nguyén tir & trang thai co ban tudn theo nhiing
nguyén 1y va quy tic nao? Phat biéu chung va iy vi du minh hoa.

1.18. Viét céu hinh electron nguyén tir duéi dang chit va dang 6 lugng tir clia cic
nguyén to ¢o6 so thir ty 15, 26, 32 va 40.

1.19. Viét cdu hinh electron cua cac ion Fe?*; Fe**; S%; Biét S ¢ 6 16, Fe & 6 26 trong

bang hé thong tuan hoan cac nguyén t6 hoa hoc

4. Bai tap vé bang HTTH

1.20. Dua vao cau hinh electron nguyén tu, [am thé nao nhan biét duoc mot nguyeén tb
o chu ki méy, thuoc nhom A hay nhom B, s6 tht ty nhém?

1.21 Hay cho biét su bién d6i tinh chat ciia cac nguyén t6 theo chu ki, nhom: tinh kim
loai, phi kim; ban kinh nguyén ti, ion; ndng luong ion thu nhét; 4i luc véi
electron; do am dién; sb oxi hod; thanh phﬁn va tinh chit cua céac oxit, hidroxit
cac nguyén t6 nhom A. Nguyén nhan su bién d6i tuan hoan cac tinh chit do.

1.22. Viét ciu hinh electron nguyén tr dudi dang chit cua cac nguyén to c6 sb thu tu
25, 30, 35, 50 va cho biét (khong dung bang tuan hoan):

- Chu ki, nhom (A, B) chtra ching;
- Kim loai, phi kim hay khi hiém;
- S6 oxi hod duong cao nhat, s6 oxi hoa 4m thap nhit (néu co).
1.23. Nguyén td X 1a phi kim ¢ chu ki 4, tao dugc oxit cao nhat XOs, trong do X co )

oxi hod cao nhat. Hay viét cau hinh electron nguyén tir cua X va cho biét X

Trang 35/229



thudc nhom nao (A, B) va sb thr ty clia nd trong bang hé thong tuan hoan. DS:
Se
1.24. Nguyén tir X c6 bdn 16p electron, tao duoc oxit X,07, trong d6 X c6 sb oxi hoa
cao nhét, X c6 hai electron & 16p ngoai cung. Hiy viét cau hinh electron ciia X va
cho biét X thudc nhom (A, B) nao? BS: Mn
1.25. Cho biét s tht ty cua Cu 13 29 va 16p ngoai cing ¢ 1 elactron. Viét cau hinh
electron ciia Cu®*; Cu'*; Cu. Hay x4c dinh s tht tw chu ki va phan nhom cta Cu.
1.26. Hop chit c6 cong thire 1a MR, trong d6 M chiém 46,67% vé khdi luong; M 1a
kim loai con R 13 phi kim & chu ky 3. Trong hat nhan cta cia M c6 sé hat khong mang
dién nhiéu hon mang dién 1a 4. Trong hat nhan ctia cua M cé s6 hat khong mang dién
bang s6 hat mang dién. Tong sd hat proton trong MR, 1 58.
Xéc dinh tén, s6 khéi, vi tri cia M va R trong hé théng tuan hoan. Viét ciu hinh
electron ctua X?
bS: M =Fe; R=S.
1.27. Cation R* ¢6 ciu hinh electron 16p ngoai cung 1a 2p°.
1. Viét ciu hinh electron va sy phan bé electron trong obitan & trang thai co ban
cua nguyén tu?
2. Vi trf ciia R trong bang HTTH? Giai thich ban chét lién két ciia R voi halogen?
3. Tinh chat hoa hoc dic trung cua R 1a gi? Cho 2 vi dy minh hoa?
DS: Zry=11; Zx) = 9.
1.28. Cho M 1a kim loai tao ra hai mudi MCl, va MCl, va hai oxit MOg sy va M0,
Thanh phan vé khdi lugng cta clo trong hai mudi ty 1& 1a 1:1,173 va ciia oxy trong hai
oxit co ty 1€ 1a 1:1,1352.
Hay tinh khéi lugng nguyén tir ciia M?
1.29. Oxit cao nhat ciia mdt nguyén t6 nhom VIA chira 60% oxi vé khi lugng. Hay
xéac dinh nguyén t6 va ciu hinh electron trong nguyén tir ctia nguyén t6 d6?

bS: S
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CHUONG 2. LIEN KET HOA HQC VA CAU TAO PHAN TU

2.1. Nhitng dic trung co ban ciia lién két hoa hoc
2.1.1. Ning lwong lién két

Dbi v6i phan tir hai nguyén tir AB hodc A, thi ning luong lién két 13 ning
luong can thiét dé pha v lién két giita hai nguyén tir trong phan tir & trang thai co ban,
thé khi thanh cic nguyén tir ciing & trang thai co ban, thé khi. Nang luong lién két
dugc tinh bang kJ/mol.

Vidu: HCI (k,cb) = H (k,cb) + CI (k,cb) En.c1 = 432kJ/mol

N, (k,cb) — N (k,cb) + N (k,cb) E n=n = 941kJ/mol

Dbi voi phan tir nhiéu nguyén tir kiéu AB, ngudi ta dung khai niém ning luong
lién két trung binh, boi vi trong phéan tir cac lién két 1a gidng nhau nhung lai ¢ ning
luong lién két khac nhau.

Vi dy: Trong phan tir metan CH, c¢6 bon lién két C-H, lién két thi nhét c¢6 ning
luong 13 426,76 kJ/mol, cac lién két thir hai, thir 3, thir 4 ¢6 nang luong lién két 1an
luot béng 347,27; 535,55; 334,72 kJ/mol nén nang lugng trung binh cua lién két C-H
trong metan la:

_426,76+347,27+535,55+334,72

Ec.y= y =410,86kJ/mol

Ning luong lién két trung binh cang 16n lién két cang bén
2.1.2. P9 dai lién két
Do dai lién két 1a khoang cach gitra hai tim nguyén tir lién két tryc tiép véi
nhau trong phén tir. Pon vi cta né 1a nanomet (nm, 1nm = 10°m) hoéc anstron (f&, 11?&
=10"m).
Vi du: Do dai lién két giira hai nguyén tir hidro 14 0,074nm
2.1.3. Géc lien két
Goc lién két 1a goc duoc tao thanh boi mot nguyén tir lién két truc tiép voi hai

nguyén tir khac trong phan tu.

Trang 37/229



Vi du:

O

N

H H

Goc HOH=104°5’ G6c HCH =109°28°
Hinh 2.1. M6 hinh phan tir H,O va CH,

2.1.4. D) bi lién két

D6 boi lién két giira hai nguyén tir trong phan tir 13 sé cip electron dung chung
dé tao lién két giira gitra hai nguyén ttr d6 trong phan tir.

Vi du: Do boi lién két giira hai nguyén tir nito trong phan tir N, 1a ba: N=N, d6
boi lién két gitta hai nguyén tir cacbon trong phan ti etilen 13 hai, giita cacbon va hidro
la mot.

H H

\C:C/

H/ Sn

Khi do boi lién két bang ba duoc goi 1a lién két ba, do boi lién két bang hai 1a
lién két doi (hay lién két kép), do boi lién két bang mot 1a lién két don.

2.2. Lién két ion

Lién két ion 1a lién két dugc hinh thanh tir hai nguyén tir cia hai nguyén t6 c6
d6 am dién rat khac nhau, mot bén 1a kim loai dién hinh c6 do 4m dién rat bé, mot bén
1a phi kim dién hinh c6 d6 am dién rat 16n. Nhu truong hop gitta cac kim loai kiém,
kiém thd vé6i halogen, oxi.

Khi tao thanh lién két ion c6 su nhuong va thu electron dé trd thanh cac cation
va anion, sau do cac ion nguoc d4u hat nhau bé'mg lgc hut tinh dién. Vay ban chdt ciia
lién két ion 1 luc hit tinh dién gitta cdc ion trdi dau.

Diic diém ciia lién két ion

Lién két ion khéng cé huéng, vi mdi ion tao ra dién trudng xung quanh né nén

lién két xay ra theo moi hudng.
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Lién két ion khéng bdo hod, vi mdi ion c6 thé lién két dugc v6i nhiéu ion xung
quanh no.

Lién két ion rdt bén, vi du ning luong lién két trong phan tir KC1 bang 404,25
kJ/mol. Cac hop chét dugc tao thanh tir lién két ion ¢ diéu kién thudng thudng 1 chit
ran, ¢6 nhiét do nong chay cao, nhi¢t do soi cao.

Vi du: Lién két trong cac muodi, nhiéu oxit va hidroxit kim loai.

2.3. Lién két cong hoa tri
2.3.1. Lién két cong hoa tri theo thuyét kinh dién
a. Khdi ni¢m lién két cong héa tri theo thuyét kinh dién

Nam 1916 nha khoa hoc My Liuyt (G.Liewis) néu 1én gia thuyét cho rang:
Trong nhitng phan tir nhu H,, Cl,, CH, su hinh thanh lién két gitta hai nguyén tir duroc
thwe hién bang mét hay nhiéu cdp electron chung cho hai nguyén tir dé c6 cau hinh
electron bén viing bén nhu cia céc khi tro. Loai lién két nay duoc goi la lién két cong
hod tri hay lién két nguyén tir.

Vi du: Su hinh thanh lién két cong hoa tri trong cic phan tir hai nguyén tir va
nhiéu nguyén tir dwoc mo ta bang cac so do sau:

Ho+H — HH

919 ofd > 868
HO+ ¢ — HEEg
H9+ gg H — H@&I
H
4H9+g - H:C:H
H
b. Phén logi lién két cong hod tri
Lién két cong hoa tri dugc chia thanh hai loai:

Lién két cong hod tri khéng phdn cuc: Doi electron dung chung & gitta khoang

céch hai hat nhan nguyén tir. D6 1a lién két trong cac phan tir don chat nhu: Hy, Cl,...
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Lién két céng hod tri phdn cuc: Doi electron dung chung léch vé phia
nguyén tir ciia nguyén t6 co tinh phi kim manh hon (hay c6 d6 am dién 16n hon). D6 1a
lién két hod hoc trong cac phan tir hop chat nhu H,O, NH3, CH,, ...

2.3.2. Lién két cong héa tri theo thuyét VB
a. Sw tao thanh phan tir H, tir hai nguyén tir H

Nam 1927, Hetlo (W.Heitler) va London (F.London) d3 tim cach giai gan dung
phuong trinh séng Scrodinhgo cho phan tr H,. Cac phép tinh toan da cho phép xac
dinh ning luong lién két va do dai lién két ciia phan tir hidro.

Vi du: Pbi véi su hinh thanh phan tir H, (hé gom 2 hat nhin va 2 electron),
ngudi ta chll y dén cac dang twong tac sau: Su day nhau giita hai hat nhan; sy day nhau
gitta hai electron; sy hut cua hat nhan véi mdi electron, va da tinh toan dugc rﬁng néu
hai nguyén tir hidro c6 spin trai dau (ddi song) thi khi hai nguyén tir tién dén gan nhau,
lyc hut giita chung tang 1én cho dén khi khoang cach giita hai nguyén tir dat dén mot
gia tri gidi han r,, nang lugng cua hé cuc tiéu. Sau d6 & nhirng gia tr1 bé hon r,, lyc hit
giam, cho dén mot khoang cach nao d6 xuét hién luc day giita cac nguyén tir, luc day
cang tang 1én khi khoang céach cang bé di (hinh 2.2a).

Hetlo va London 1an dau tién da ap dung co hoc luong tir, dé giai thich ban chat
ctia lién két cong hod tri, trén co s& nghién ciru sy tao thanh phan tir H, tir hai nguyén
tir hidro. Két qua cho biét:

+ Lién két giita hai nguyén tir hidro chi dugc hinh thanh khi hai electron cua hai
nguyén tir co gia tri sé lwong tir spin trai ddu nhau, nghia 13 mét electron c6 mg = +1/2

va mot electron ¢6 mg = -1/2.

Nhitng duong luon séng trén so dd biéu thi sy tao thanh lién két cong hoa tri.
Cong thuce cAu tao cua H, 1a H : H hoac H-H duoc goi la cong thure Liuyt.

+ Khi hinh thanh lién két, cac obitan hoa tri ctia hai nguyén tr xen phu nhau
(hinh 2.2a), nén mat d§ may electron ¢ khu vuc khong gian gitra hai hat nhan tang lén,

diéu nay thé hién rd khi so sanh khoang cach giira hai hat nhan trong phan tir H, va
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tong sb ban kinh cua hai nguyén tr H: dyy = 0,074nm < 2ry = (0,0529x2) =
0,1058nm

Hinh 2.2a. Sy xen phu céc obitan 1s trong phan tir H,

Nhiing két qua tinh toan vé nang luong khi tao thanh phan tir H, tir hai nguyén

ta H dugc trinh bay trong hinh 2.2b

E
b Trong do:
a: Su tao thanh lién két tir hai electron
E, véi cac gid tri m, khac dau;

b: Hai nguyén tir day nhau khi cic gia

tri mg cung dau;

ro = 0,074nm la khoang cach can bang

. gitra hai nguyén tir trong phan ttr.
Hinh 2.2b. So d6 nang luong

tao thanh phan tir H,
Khao sat nhitng phan tir hai nguyén tir khic, nguoi ta thiy ning luong lién két
cang 16n, lién két cang bén.
Noi dung co ban cua phuong phap lién két ho4 tri (VB)
+ MObi lién két cong hoa tri dugc hinh thanh, do sw ghép doi hai electron dc

thén c6 cdc gid tri spin trdi ddu cia hai nguyén tir tham gia lién két.
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+ Khi hinh thanh lién két, xay ra sir xen phii cdc mdy electron hod tri (cac AO
hoa tri) ctia hai nguyén tir tham gia lién két. Sw xen phii cang Iom lién két cang bén.
+ Lién két cong hoa tri la lién két c6 hudng, hudng cia lién két 1a hudng co su

xen phu cac may electron ctia hai nguyén tir 14 16n nhat (Hinh 2.3).

@D @D@

oo &

P P PP

Hinh 2.3. Huéng xen phu 16n nhat ctia cac obitan s va p

b. Hod tri ciia cdc nguyén to theo phwong phdp VB
Tir ndi dung ctia phuong phap VB, ngudi ta két ludn: Hoa tri ¢6 thé co ctia mot
nguyén to duogc tinh bang sé electron doc than trong nguyén tir ciia nguyén té d6 &
trang thai co ban va khi kich thich.
Vi dy: Nito (Z = 7) c6 cu hinh electron: 1> 25*2p°  [t|] [N| [1 1111

Nito ¢6 3 electron ddc than nén c6 hoa tri 3 (NHs).

S (Z = 16): 15 2% 2p° 3s” 3p* NN NN [ 1 11

Luu huynh ¢6 2 electron doc than nén ¢ hoa tri 2 (H,S). S con co thé c¢6 hoa tri

4 (SF4) va hoa tri 6 (SFg). Van dé nay duoc giai thich nhu sau: O 16p ngoai cung cua
nguyén tir lvu huynh (16p M ¢6 n = 3), con 5 obitan 3d trong, khi luu huynh tham gia
phan tmg hoa hoc thi cac electron ghép d6i trong cung 16p M hap thu ning luong cua
phan g chuyén ra phan 16p 3d lam cho sé electron doc than ting 1én. Trang thai nay

cua luu huynh dugc goi 1a trang thai kich thich va duoc ki hi¢u nhu sau: S*.
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s N (TTT ﬁ Cé 4 eletron doc than: Hoa tri 4

3s? 3p® 3d'
el ] s Y
S T T T T T T Co 6 electron doc than: Hoa tr1 6

Can chu ¥ rang trang thai kich thich ctia nguyén tir dé tao ra electron ddc than
chi xay ra trong cung lop. Trong truong hop nguyén tir nito, 16p n = 2 chi c6 hai phan
16p 2s va 2p, nén nito khong thé co trang thai hoa tri 5 vi viéc kich thich dé chuyén
electron tir 16p n = 2 1én 16p n = 3 tiéu ton ning luong 16n khong duoc bu bang su tao
thanh lién két.

c. Lién két ova lién két

Lién két o 1a lién két duoc tao thanh do sy xen phu cac ddm may electron (céac
AO) hod tri cta hai nguyén tit doc theo truc néi hai hat nhan (hinh 2.4).

Lién két r1a lién két duoc tao thanh do su xen phu cac ddm may electron hoa tri

ctia hai nguyén ti & hai phia cia truc néi hai hat nhan (hinh 2.4).

(h)
Hinh 2.4. Su xen phu o (a, b, ¢, d), sw xen phu 7 (e, g, h)

Vi du: Trong phan tur cua C,H,, gitra hai nguyén tir cac bon tao thanh mot lién

két o va hai lién két = (hinh 2.5).
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Hinh 2.5. So d6 su tao thanh cac lién két o va © trong phan tir axetilen

2.3.3. Lién két cong hoa tri theo thuyét lai hoa
a. Diéu kién ra doi ciia thuyét lai hod

Xét sy tao thanh phan tor métan CHy4 tir cdc nguyén tir cacbon va hidrro.

Theo VB, nguyén tir cacbon & trang thai kich thich c6 4 electron doc than: 1s®
2s' 2p,* 2p,'2p,". Bon electron tao thanh 4 lién két C-H trong d6 c6 3 lién két p-s: 3
dam may electron 2p cua cacbon xen phu véi 3 may electron 1s ctia 3 nguyén tu hidro
tao thanh 3 lién két. Lién két thit tu C-H duogc tao thanh do su xen phu cic may
electron 2s ciia cacbon va 1s ctia hidro. Nhu thé lién két thtr tu phai khac véi 3 lién két
trén vé hudng va goc lién két.

Tuy nhién thuc nghiém chung té rang 4 goc lién két FICH trong phan tir CH,
déu bang 10928’ (goc tur dién déu) va do bén cua 4 lién két cua C-H déu gidng nhau.
Nhu vay, thuyét VB d3 khong giai thich dugc cdu tao khong gian cua phan tir CH,.

Pé giai quyét mau thudn ndy nguoi ta gia thuyét rang: Khi tao thanh lién két
mot obitan 2s va 3 obitan 2p ctia cacbon lai hoa (trdn 1an) v6i nhau tao thanh 4 obitan
lai hoa sp® giéng hét nhau hudng téi 4 dinh cia mot tir dién déu. O d6 chung xen phu
v6i 4 obitan 1s ctia 4 nguyén tir hidro. Vi vy 4 lién két C-H phai giéng nhau va céac
géc HCH phai bang goc cua hinh tir dién déu (109°28”), ma nguyén tir cacbon nim &

tam cta t dién déu (hinh 2.6).
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Hinh 2.6. Cau truc hinh hoc ctia phan tir CH, theo thuyét lai hod

Boi vay 4 lién két C-H déu gidng nhau va lam véi nhau nhimg goc t& dién
109%28’. Kiéu lién két lam thanh hinh tr dién ciing xdy ra véi phéan tir H,O, NHs...

Can luu ¥ rang trong nhitng trudng hop cdu trac phan tir khong phai 1a tir dién
déu, thi goc lién két trong phén tir bi thay ddi so v6i goc lai hoa. Piéu nay cé thé dugc
giai thich 14 do céc cidp electron hoa tri trén obitan lai ho4 chua tham gia lién két co tac
dung ddy manh hon cip electron da tham gia lién két.

Vi du: Goc HNH trong NHj; 14 107°3° goc HOH trong H,0 1a 104°5°.

b. Cdc kiéu lai hod giiva cdc obitan ns va np

Lai hod sp® : 1 obitan ns lai hoa 3 obitan np tao thanh 4 obitan giéng hét nhau

Sp3 huéng téi 4 dinh cua hinh t dién déu tao thanh goc giita cac obitan lai hoa 1a

109%28°

Hinh 2.7a. Lai héa sp®

Vi du Cac phén tr CH4, CC|4, NH3, Hzo
Lai hod sp®: 1 obitan ns va 2 obitan np lai ho4 v&i nhau tao thanh 3 obitan giéng
hét nhau sp? huéng t6i 3 dinh cta tam giac déu tao thanh goc giira cac obitan lai hoa

bang 120°
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Hinh 2.7b. Lai hoa sp?

Vi du Cac phél’l tu BC13, BF3, SOZ, C2H4. .
Lai hoa sp: 1 obitan ns va 1 obitan np lai hoa tao thanh 2 obitan lai hoa giéng

hét nhau sp ndm trén mot duong thing tao thanh goc gitta 2 obitan lai hoa 1a 180°

Hinh 2.7c. Lai hoa sp

Vi du cac phan tir BeH,, BeCl,, C,H,...
c. Pdc diém ciia lién két cong hod tri

Tinh b&o hoa: Ta biét ring kha ning ctia mot nguyén tir tham gia lién két voi
cac nguyén tir cta cac nguyén td khac phu thudc vao sb e 16p ngoai cung, ma sb e 1op
ngoai cung 1 hiru han. Vi vdy, lién két cong hoa tri 14 hiru han, tinh chat hiru han cua
sO lién két cong hoa tri ma mot nguyén tir c6 kha nang thyc hién véi cac nguyén tir
khac goi 14 tinh bdo hoa. D6 chinh 13 ho4 trj t6i da cia mot nguyén td. That vdy, trong
cac hop chat thi hoa tri t6i da ciia mot s6 nguyén td 1a: Hidro hoa tri 1, cacbon hoa tri
4...

Tinh phdn cwc: Lién két cong hod tri giita hai nguyén tir c6 do am dién khac
nhau 1am cho cip electron ding chung léch vé phia nguyén tir c6 d6 am dién 16n hon
gy nén su phan cuc cua lién két.

Vi du: Trong phan trt HCI, H ¢c6 X = 2,1; Cl ¢6 X=2,83 nén c6 su phan cuc lién
két H —Cl, hidro c6 dién tich duwong (+), Cl ¢6 dién tich 4m (-).
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Tinh dinh huéng: Ta da biét, lién két cong hoa tri duge hinh thanh 13 do su xen
phu cua cac AO va xen phu do6 phai la cyc dai, ma cac obitan c¢6 hinh dang va cach
dinh huéng khac nhau trong khong gian nén lién két cong hoa tri ¢6 tinh dinh hudng,
din dén xuét hién gbc gitra 2 lién két cong hoa tri goi 1a goc hoa tri. Tu tinh dinh
hudng ta co thé duy doan duoc cau dang hinh hoc cua phan tu.

Vi du: Trong phan tor H,S, nguyén tor S c6 2 electron doc
than & 3p4, 2 electron tao thanh 2 lién két cong hod tri voi 2
nguyén ti hidro. Do cd sy tap trung vung electron 16n gitra 2 \9—20/
nguyén tir H, S nén xuat hién luc ddy cip electron lién két nay
v6i cdp electron lién két kia nén goc lién két HSH 1a 92° va phan tir H,S c6 dang giy
khuc.

Trong phan tir H,O c6 goc hod tri 1a 104°5” do oxi trong phan tir H,O & trong

trang thai lai hoa sp°.

2.3.4. Lién két cong hoa trj theo thuyét MO
a. Ngi dung co bdn cuia phwong phap MO

Coi phan tir 1a mét tiéu phan tron ven nhu nguyén tir. N6 gdm mot bo khung hat
nhan nguyén tir dt cach xa nhau trén nhimng khoang xéac dinh va céac electron phan b
xung quanh hat nhan ctia nguyén tir, nghia la né phai tuan theo cic nguyén li viing
bén, nguyén i Pauli va quy tic Hun.

Trang thai ctia céc electron trong phan tu, dic trung boi cac obitan phan tir
twong tu nhu céc obitan nguyén ti.

Cac obitan nguyén tir: s p d f

Céacobitanphantr :c = ) U}

M3di obitan phan tir dugc dic trung boi ham sé séng obitan yye. Ham song nay
1a to hop tuyén tinh (cong, trir) cac ham s song dic trung cho cac obitan cua céc
nguyén tir tham gia vao lién két: 1, o, W3 ... Yp.

¥, =C,¥,+C,¥,+C,¥,+..+C ¥,
C1, C,, Cs...Cy: Céc hé s6 danh gia sy dong gop cua cac obitan nguyén tir vao

su tao thanh cac obitan phan tur.
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Két qua c6 bao nhiéu obitan nguyén tir tham gia vao lién két thi tao thanh bay
nhi€u obitan phan ttr.

Phuong phédp MO ra doi tor nam 1930 do hai nha bac hoc My 1a Muliken
(Mullikend) va Hun (Hund) kho1 xudng.
b. Phuwong trinh séng Srodinhgo ciia ion H," ¢ trang thdi bén

Ion phan tr HJ gdm hai proton va mot electron & khoang cach R (hinh 2.8).

Khoang cach proton 1 dén electron 1a ry, tir proton 2 dén electron 1a r,.

I )

& S

Hinh 2. 8

Phuong trinh song Srodinhgo ctia ion Hj ¢ trang thai bén:

h? e’ er ¢’
3. m V2\PMO L__r__r_ \PMO :E\PMO
. e 1 2 (2.2)
2 2 2
V2 o) N o o
6X2 Sf Sf

Trong d6: X, y, zlatoadd cua electron;

o2
E : Thé nang day giita hai hat nhan;

2
€

o Thé nang hit giita hat nhan H s6 1 véi electron;

2
€

T

L Thé niang hit giita hat nhan H s6 2 véi electron.

Nghiém cta phuong trinh 1a ¥ o

Fo=Ci¥ 10 TG,

Vi hai hat nhan nhu nhaunén C; =C, = +

1

J2
. 1

Y o= % (\Pls(l) +lP1s(2) )
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_ 1
Y o= ﬁ (‘Pls(l) -LPls(Z) )

+ f
mo : Ham song doi xting.
\PMO : Ham so6ng phan ddi xtmg.

2 R . ~ ~ 14 ~
Y mo : Biéu thi mat 46 ddm may electron.
Truong hop obitan phén tir 13 ham d6i xtmg

e 1 1
Fyo = 2 (P + i)’ = 2 (P +2%150) Prsr + P2,

152)
Mit d¢ electron trong phén tir dugc tang cuong thém mat luong 1a 2, \¥,,
khi d6 obitan phan tir goi 1a obitan lién két o5 (hinh 2.9).
Trudng hop obitan phan tir 1a ham phan ddi xing:
Wi = % (Prs — Prsn)’ = % (P = 2% Vi + V7))

1s(2)
Mat d6 ddm may electron trong phén tir giam di mot lugng 1a 2\, W, ,, khi
d6 obitan phan tir goi 12 obitan phan lién két G;ks (hinh 2.10).
Nang luong lién két ung véi obitan lién két 015 12 E+ < 2Ea0

Ning lugng lién két tmg véi obitan phan lién két o, 12 E. > 2Ex0

Hi  H;
Hinh 2.9 Hinh 2.10
Két qua tinh toan thu dugc véi ion HY la: E, =2E,, —E, =-259,4KJ /mol

R, =1,06.10"cm

Su phu thudc cua E, va E. vao khoang cach gitta hai hat nhan biéu thi trén do6
thi (hinh 2.11).
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AO M*O AO
(o3
E_ ) 1s
2E O \ ,’\ 1ST 1_5
I \\\\ ,//
I \\\ ,//
E, 4—
Gi1s
Hinh 2.11 Hinh 2.12

Gian d6 ning luong cua ion H} biéu thi trén hinh (2.12). Ion HJ gdm 2 obitan
phan tir Wi, 1a o, lién két, W0 la o), phan lién két. Nang lugng obitan o, 1a E,<
2E a0 tirc 13 & vi tri thap hon mirc ning luong cua hai nguyén tir. Nang luong obitan
o, >2E AO tc 1a & vi tri cao hon mirc ndng lugng cua hai nguyén tur.

Vay lién két cong hoa tri dam bao bﬁng mot electron la diing véi thuc té.

H[1s']+ H* > H’ (o,,)' AH=-259,4kJ/mol
c. 86 lién két hod hoc

g N-N
S6 lién két hoa hoc duoc tinh theo cong thirc : 2 (2.3)

Trong d6: N 1a s6 electron trén cac obitan lién két;
N* 1a s electron trén céc obitan phan lién két;

B 1a s lién két hoa hoc.

p=170_1
Vi du: Ion phan to H co: 22
d. Gian do nang lwong cdc MO

Su tao thanh céac obitan phan tir thudng mé ta bang gian dd ning luong. Trong
gian do, nhiing truc thang dung biéu thi gia tri ndng lugng cua cac obitan. Bén trai, bén
phai so d6 13 mutrc ning luong nguyén tir, & giita 2 truc thang dung 13 muic ning lugng
phéan tr (hinh 2.13).

Céc phan tir 2 nguyén tir (cung hat nhan) ctia ciing mot nguyén té thude chu ki I

va Il thi ¢6 day nang lugng nhu sau:

" * * 3 *
O <0, < O <62s <O_2pz <7Z—2px N7Z.2pV <7Z2py ~7z-2px <G2pz
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Day nang luong nay phu hop véi nhitng phan tir tao thanh tir hai nguyén tur cta
cing mot nguyén td co trang thai nang luong 2s va 2p khac nhau. Vi du O,, F,

Déi v6i cac phan tir tao thanh tir cac nguyén tir ciia cing mot nguyén td co trang
thai ning luong cta phan 16p 2s va 2p gan bang nhau (nhu By, N,) thi diy ning luong
phan tir nhu sau:

* & k * sk
O-IS' <Gl_s <O_2? <02€ <7Z-2px ~7Z-2py <O'2p: <7Z-2py ~7Z-2px <62pz

. \2 2 2 2
Vi du:CAu hinh electron ctia Ny: {(625)2 <025) (nsz) (mpy) (GZpZ) }

2

B 3

S4 lién két:

Hinh 2.13. Gian d6 ning luong cta phan tir N,

e. Thuyét MO va phan tir hai nguyén tir
CA&c phan tir Ay thuéc chu ky I
Phﬁl’l o HZ
2-0
A hx h 1 128 ;B = = 1 0
Cau hinh electron 2 . 1=0,74A ; E = 432kJ/mol.

Phan tr H, c6 mot lién két o twong ty nhu so d6 cta Liuyt (H - H).
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Phan tr He,

%2 _2
clo :B="—"=0

Is “1s?

[\

CAu hinh electron
Phan tir nay khong ton tai vi s6 lién két bang 0.

Cdc phan tw A, thuoc chu ky 11

Phan to ng
2-0
£ 2s B=——=1
Cau hinh electron 2
, 0
Do dai lién keét: 2,67 A ; E = 105kJ/mol.
C6 lién két gira hai nguyén tir Li.
Phan to Be,
. 2-2
, Giczi;Bz—:O
Cau hinh electron 7 2
Phén tir Be, khong ton tai
Phan tu B,
_ 0
olorn\nlB= % 1,1 =1,59 A;E = 278kJ/mol

CAu hinh electron:
Phéan tir ¢6 hai electron ddc than, nén phan tir thuan tir. Thuc nghiém xac nhéan
tinh thudn tir ctia phan ti B,.
Phén tor C,

O‘\

2 2 2 Q
oomminlB="2% =21 =131A;E =628kJ/mol

CAu hinh electron

[\) ‘

C6 hai lién két giira hai nguyén ti C.
Phan tir N,

8-2

ol.on Tyl B_T_3 I =1, 1A E =942kJ/mol

CAu hinh electron
C6 ba lién két gitra hai nguyén tir Nito.
Phan tu O,

14l — 0
ol ol oininte n' B = % =2;1 =1,21 A;E = 494kJ/mol

CAu hinh electron
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C6 lién két d6i giita hai nguyén tir oxi (O = O). Vi ciu hinh electron cia phan
tor oxi (O,) nguoi ta da giai thich tinh thuan tr ciia oxi va do6 1a mot thanh cong cua
thuyét MO.

Phéan tu F,
, orol ot nin B % _1;] =1,42 A;E = 155kJ/mol
Cau hinh electron
Cong thirc biéu dién F-F .
Phan tir Ne,
’ Gzzsﬁgiaéﬂfﬂyzﬂjzﬁ;kzaj;B=8—;8 =0
Cau hinh electron

Phan tir Ne, khong ton tai.

Trong diy cac phan tir Lip; C,; N, ning lugng lién két ting 1am ting d6 bén
phan tir do sy thém lién két electron vao cac MO lién két. Con trong diy N, ,0, ,F,
d6 bén ctia phan tir giam do sy thém electron vao cac MO phan lién két.

f. So sanh thuyét VB va thuyét MO

Hai phuong phap VB va MO déu véan dung co hoc luong tir dé khao sat phan
tir, song chiing c6 nhiing wu, nhuoc diém khac nhau. Ca hai thuyét déu dua dén mot s6
két qua chung sau day:

Ca hai thuyét déu din dén su phan bd gidng nhau cta electron trong phén tir.

Trong hai thuyét, yéu tb quan trong nhat dé tao thanh lién két cong hoa tri la
mat do electron ¢ gitra hai hat nhan nguyén tir.

Dé co thé tao thanh lién két, cac obitan cua nhiing nguyén tir lién két phai xen
phu nhau.

Hai thuyét déu phén biét lién két & va lién két .

Uu diém nbi bat cua phuong phap VB 1a mé ta phan tir mot cach cu thé: Dung
khéi ni¢m hoa tri trong hoa hoc va biéu dién mot phan tu béng cong thuc ciu tao.
Thuyét VB khong giai thich duoc su ton tai cua ion H; tinh thuan tir cta O,...

Thuyét MO cho phép mo ta lién két hoa hoc trong moi phan tir. Ban chét cia
lién két kim loai dugc mod ta mot cach thoa man theo thuyét MO. Thuyét MO giai
thich dugc quang pho electron cta phén tir. Can chu y rang két qua mo ta phan tir caa

phuong phap MO ciing chi mé ta duoc trang thai electron trong phan tir gdn véi trang
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thai thuc.Vi vdy hai phuong phap nay b6 sung cho nhau va tuy trudong hop cu thé co
thé trinh bay thuyét nay nang hon thuyét kia.

2.4. Phan tir phan cuc va khong phian cuwc. Momen ludng cuc ciia phan tir
2.4.1. Phan tir khong phan cuc

La phan tir trong d6 dién tich duong cua cac hat nhan va dién tich am cua cac
electron dugc phan bd hoadn toan doi xung, nén trong tadm dién tich duong va am trung
nhau. D6 13 cac phan tir hai nguyén tir gidng nhau nhu H,, Cly, N,... ,cic phan tir c6
cau hinh hinh hoc hoan toan ddi xtmg nhu cac phan tir c6 cau hinh phang nhu BeH,,
COs,..., cac phan tir ¢6 cdu hinh tir dién déu voi bon nguyén tir gidng nhau lién két voi
nguyén tir & tim cuta tir dién nhu CHy, CCl,..., cac phan tir ¢6 hinh ba goc phang bang
nhau véi ba nguyén tir giébng nhau lién két v6i nguyén tir & tim cta tam giac déu nhu

BF3, SO;...

2.4.2. Phan tir phan cuc

La phan t trong d6 dién tich duong cua hat nhan va di¢n tich &m cua cac
electron dugc phan bd khong dbi ximg, do d6 cac trong tdm dién tich dwong va am
khong tring nhau. Cac phan tir nay c¢6 cdu hinh hinh hoc khong ddi xting nhu HCI,
H,0, SO,, CHCl;,...

@)
U Y/ZR\N
O/

2.4.3. Momen ludng cuc cia phan tir
Dbi v6i phan tir phan cuc, thuong ding dai lvong momen ludng cuc dé chi su
phan cyc ciia phan tir. Momen ludng cyc cua phan tir dugc tinh bang cong thic:

p=gql  (2.1)
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+q -q

4

Trong d6 q 1a gia trj tuyét d6i cua trong tdm dién tich duong hoic 4m duoc tinh
bang Culong (C);

| : Do dai ludng cuc duge tinh béng mét (m);

14 : Momen ludng cuc phan tir duoc tinh bang (C.m).

Pon vi cia momen ludng cuc duge dung 1a Po bai ( Debye D).

-29
D= 10

C.m~3,33.10°°C.m

Momen ludng cuc cua phan tir 1a dai luong dac trung cho do phan cuc cua phan

tor. Momen ludng cuc cang 16n d§ phan cyc cua phan tir cang 16n.

Vi dy Phan tir HF HCI HBr HI
u (D) 191 103 0,79 0,42

Déi véi cac phan tir khong phan cuc thi momen ludng cuc bang 0.

Momen ludng cuc la dai luong c6 hudng nghia 1a coi momen ludng cuc cua
mdi lién két 1a mot vecto. Ngudi ta thuong quy ude chiéu cua vecto ludng cuc hudng
tir am sang duong (c6 thé quy udc chiéu nguoc lai). Momen ludng cuc ctia phan tir
bang téng cac vecto momen ludng cuc cia cac lién két trong phan ti.

Vi dy: Phéan tir CO, ¢6 =0, vi hai vecto ludng cuc cia hai lién két C-O bang
nhau nhung ngugc chiéu nhau.

O0=—=C=—=0

—_— e -
Phan tir H,0 ¢6 £ >0, vi tong hai vecto ludng cuc cua hai lién két O-H 16n

hon s6 khong.

Trang 55/229



2.5. Cac lién két khac
2.5.1. Lién két hidro
a. Khai niém
Lién két hidro dugc hinh thanh gitta mot nhom X T H phan cuc va mat
nguyén tir (hay mot nhom nguyén tir) Y mang cdp electron tu do, nho mot twong tac

tinh dién yéu khoang 20 - 25 kJ/mol.

Lién két cong hoa tri  Lién két hidro
X va'Y thuong la oxi, nito hodc flo.
Lién két X - H cang phan cuc va kha nang nhuong electron ciia Y cang 16n thi
lién két hidro cang bén virng.
b. Phan logi
Lién két hidro lién phdn tir: D6 13 trudng hop ma X-H va Y thudc vé hai phan

tir riéng 1& (giéng nhau hodc khac nhau).

Vi du:
L0 H-0_
O-H O-H  (CH)N H-0 CH;-C L€~ s
I I 3 ! “0-H 07
CH, CH, H

Lién két hidro ndi phin tir: D6 13 lién két gitta X-H va Y ctia cing mot phan tir

Vi du:
H H
N/
A ~CH, 0
O 6_H “H

c. Anh hwéng ciia lién két hidro dén tinh chit vat li
Lién két hidro lién phdn twr lam tang nhiét do soi, nhiét d§0 nong chady so voi
nhitng chat c6 phan tir khdi twong dwong ma khong c6 lién két hidro hodc chi co lién

két hidro noi phan tu.
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Vi dy: Nhiét do soi ctia ba chat c6 phan tir khdi gan bang nhau CH;CH,OH:
78°C; (CHs),0: -24°C; CH,SH: 6°C, t°.; cuia para-nitrophenol va octo-nitrophenol 1an
luot 1a: 114°C va 44°C,

Sy hinh thanh lién két hidro giira chit tan va dung méi lam tang manh do tan
trong dung méi dé. D6i voi cac dan xuat ciia hidrocacbon do tan s& tang khi kha ning
tao lién két hidro cua nhom chirc ting va giam khi gdc hidrocacbon (khong cé kha
nang tao lién két hidro) cang 1én.

Vi du: D6 tan trong nudc (g/100gH,0): CH3COOH: «; HCOOCH;: 30;
C,H50H: «; n-C4HyOH : 7,4; n-CgH13-OH: 0,6 ; CsH1,0¢: (glucozo): 83
2.5.2. Lién két cho nhan (phdi tri)

La loai lién két cong hoa tr1, ma khi hinh thanh cdp electron dung chung dé tao

lién két, chi do mot nguyén tir (hodc ion) cung cap.

Vidu: - 1+
H H H
H—l\:I: + OHY — H—1$I—>H+ H—$—H
H H H

H H

+ -+
H-O% + Og+t —>{H—.§5—>H} H-O-H
H

Trong phan tir CO, lién két giita C va O 1a lién két ba trong d6 hai lién két duoc
tao thanh do su gop chung céc electron doc than cua hai nguyén ti, con lién két thi ba
1a lién két cho nhan dugc tao thanh béng cap electron hoa tri chua tham gia lién két
clia oxi va obitan tréng 2p ctia C: C=0 <

Lién két cho nhan dugc hinh thanh d6i khi do su sép Xép lai cac electron dé tao

ra mot obitan trong.

Vi du: CH;
H-O_ _0© |
N H,C— N — O
| |
o) CH 3
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Nguyén tir oxi c6 su sap x€p lai cac electron d€ tao ra mgt obitan hoa tri trong,

tao di€u kién cho viéc "nhan" cdp electron lién két :

T A Y R A el T A T R N R

2 2 2 2

1S° 28" 2p 1s° 28" 2p’

Ning luong can cho su sip xép lai duoc bu lai bang ning lugng tao lién két.
2.5.3. Twong tac VandeVan

Gilra cac phan tir cong hod tri ludn cé luc tuong tac, ngay ca ddi véi nhirng
phan tir khong phan cyc. Piéu d6 biéu hién & tinh chat vat li cua nhiing hop chat
khong phan cyc nhu metan, hexan, icosan....

CH, : M = 16, chét khi & nhiét d6 phong, t, = -162°C ;
CH3(CH,)s  : M = 86, chit 16ng ¢ nhiét dd phong t; = 69°C ;
CH3(CH,)15CHs: M = 202, chét rén ¢ nhiét do phong t, = 37°C.

Nhitng luc hat yéu giira cac phan tir khong phan cuc nhu trén duoc goi 13 luc
VandeVan. Nguoi ta chia lyc VandeVan lam ba loai: Tuong tac dinh hudng, twong tac
cam ng va tuong tac khuéch tan.

a. Twong tac dinh hudng

La tuong tac gilta cac phan tir c6 momen ludng cuc khac khong. Tuong tac nay
xuét hién do dau tich dién duong ctia phan tir ludng cuc nay hat dau tich dién am cua
phan tir ludng cuc khac 1am cho cac phan tir lai gan nhau va duoc sap xép lai theo mot

hudng xéc dinh (hinh 2.14).

- -
o o O
S -

Hinh 2.14. Tuong tac dinh hudng gitra cac phan tir

Tuong tac dinh hudng cang manh khi phan tir c6 moémen ludng cuc cang 16n.
Tuong tic ndy giam khi nhiét d6 tang, vi sy chuyén dong nhiét pha v& sy dinh hudéng

gitra cac phan tu.
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b. Twong tac cam wng
Néu mot phan t&r khong cuc ¢ canh mot phan tir c6 cuc thi phan tir c6 cuc s€
cam tng phan tir khong cuc, bién né thanh phéan tir c¢6 cuc tam thdi. Cac cuc nguoc

déu cua hai phan tir hat nhau (hinh 2.15).

COCO —CDOCED

Hinh 2.15. Tuong tac cam ng gitta cac phan tur

c. Twong tic khuéch tin

La lyc hut giira cac phan tir khong cuc. Do chuyén dong khong nglg cia hat
nhan va electron din dén trong mot khoanh khic nao d6 chung léch xa nhau lam phan
ti khong cuc xuat hién ludng cuc tam thoi va cac phan tir khong cuc hat nhau nho cac

ludng cuc tam thoi goi 1a twong tac khuéch tan (hinh 2.16).

O

O O © O

Hinh 2.16. Tuong tac khuéch tan giita cac phan tir

Tong ba loai tuong tac dinh huéng (Ugy), cam tmg (Ug,) va khuéch tan (Uy) 1a
tuong tac VandeVan. Tuong tac VandeVan thuong nho, tir 5-8 kJ/mol. Tuy nhién no
c6 y nghia rat 16n, vi n6 1a nguyén nhan giy nén sy ngung tu cac chat hoi, sy hoa tan

céc chat trong dung méi, sy hap phu hoi cac chat trén bé mit cac pha ngung tu....

2.6. Lién két hoa hoc trong tinh thé
2.6.1. Khai niém tinh thé
La chat ran ,trong d6 cc ion, nguyén tir hay phan tir sdp xép theo nhitng trat tu

nhat dinh, tao nén nhiing tinh thé c6 hinh dang hoan toan xac dinh.
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2.6.2. Phan loai cac tinh thé
Duya trén ban chit lién két hoa hoc trong tinh thé, ngudi ta phan chia thanh cac
loai tinh thé sau:
a. Tinh thé ion
Gom cac ion dwong va ion am lién két v6i nhau
bang luc hut tinh dién. Vi dy hop chét ion NaCl, lién
két nay rat bén nén c6 nhiét do néng chay va nhiét do
s01 cao. Vi du: Nhiét d§ nong chay cia NaCl la 800°C,
nhiét do soi 1a 1454°C. Hop chit ion & dang khan

khong dan dién va dan nhiét.

b. Tinh thé cong hod tri

Céc nguyén tir lién két voi nhau bang lién
két cong hoa tri rat bén, nén ching c6 nhiét do
néng chay va nhiét do soi rat cao. Vi du tinh thé
kim cuong, tinh thé silic (nhiét do ndng chay

1420°C, nhiét do soi 3300°C). Hop chét tinh thé

cong hoa tri khong dan dién va nhiét.

c. Tinh thé phan tie

Céc phan tir lién két v6i nhau
bﬁng lyc VandeVan. Trong mot sb
tinh thé loai nay con c6 ca lién két
hidro. Vi du: CO,, cac halogen, da sb
cac hop chit hitu co. Cac lién két Mang tinh thé nutc

nay déu yéu nén chat tinh thé phan tir O : Nguyén tr oxi.

c6 nhiét do nong chay va nhiét do soi o | Nguyén b hidro
thap , khong dan dién va dan nhiét.

Hinh 2.17c. Tinh thé phan tir nuéc dd
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d. Tinh thé kim logi

Cac lién két trong tinh thé kim loai 14 lién két
kim loai. Ban chat lién két kim loai 1a cong hod tri
nhung cac electron hod tri ciia kim loai thudc toan
khéi kim loai nén chung rat linh dong nén kim loai

dan dién, dan nhiét rat tot. Lién két kim loai 1a lién

két bén nén kim loai c6 nhiét do soi, nhi¢t d§0 noéng

chdy cao. Vi du: Vonfram c6 nhiét do ndng chay cao

nhét (3390°C). O nhiét do thuong tit ca cac kim loai
déu ¢ thé ran (trr Hg).
Hinh 2.17d. Tinh thé kim loai Cu

CAU HOI VA BAI TAP
1. Bai tap giai thich sy hinh thanh cac phan tir

2.1. biéu kién tao thanh lién két ion?. Cho vi du

2.2. Theo thuyét kinh dién, cac phan tir lién két cong hoa tri hinh thanh bang cach nao?

Cho vi du.
Thé nao 1a lién két cong hod tri phan cuc, lién két cong hoa tri khong phan cuc?
Cho vi du.

2.3. Giai thich sy tao thanh céc phan tir Hy, Cl,, HCI, H,S, NHs theo thuyét kinh dién
va thuyét VB?.

2.4. V& so db tao phan tu:
1. NaCl, Na,O, Na,S.
2. MgBr,, BaS, Ba(OH)..
2.6. Dya vao nhitng dic diém nao dé phan biét lién két cong hoa tri va lién két ion.
2.7. Gia sir cac ion sau ddy déu co6 céc lién két cong hod tri: 0,7 57 NH, " 103 NO5~
: SO,7; PO,>. Trdnh bay cung thurc electron va suy ra cung thirc cdu tao cua chyng?
2.8. Viét cung thirc electron va cung thirc cdu tao ctia coc phon tir:
HCI, HCIO,HCIO,, HCIO3, HCIO,, CI,0s, Cl,0;.
H,S, SO,, SO3, H,S03, H,SO,.
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Al,Cs, Aly(SO,4)3, CaCO3, KMNO,, H,CrO,, K,Cr,0s.

Al,O3, Fe,03, Fe;0,4, Ba(NO3),, CaC,.

2.9. Giai thich sy tao thanh cac phan tir CH,4, CCly, NH3, H,0, C,Hy, BF3. SO,; CoH,,
BeCl, theo quan diém thuyét lai hoa.

2.10. Viét cong thirc ciu tao va chi rd lién két nao 1a lién két cong hoa tri, lién két cho

- nhén trong cac phan tr va ion dud6i day: HNO3;, CH3NO,, BH,, CO.

2. Bai tap thuyét lai héa
2.11. Cho cac hop chét sau day: OF,, NF3, BF3. Biét goc lai hoa twong ing duoc hinh
thanh & cac hop chét néi trén lan luot 1a:
a(FOF) = 103,15% a(FNF) = 102°%; o(FBF) = 120°. Hay cho biét:
- S6 cip electron lién két va khong phan chia.
- Kiéu lai hoa ciia nguyén tir trung tAm.
- Dang téng quat AXnEm.
- CAu trac khong gian ctia phén tir.
- Giai thich tai sao goc hoa tri ting dan tir phan tir OF, dén BFs.
Cho: O (Z=8); B (Z=5); F( Z=9); N(Z=7).
2.12. Dua vao thuyét lai hoa hiy giai thich tai sao phan tir BF3 c6 cau triac tam gidc
phang, biét B(Z=5); F(Z=9).
2.13. Phan tir H,O ¢6 ciu trac tam giac phang. Hay:
1. Cho biét trang thai lai héa cua oxy. Minh hoa bang so d6?
2. Tinh gia tri momen ludng cuc cua phan tr nay?
Cho a(H,0) = 105°, p OH = 1,52D; O (Z=8).
2.14. Cho céc hop chit sau: CHCls; CCly; PHj; BeCl,; SO3; SO,.
1. Hay cho biét phan tir ndo phan cyc. Dang lai hoa ctia nguyén tir trung tam.
2. Hay cho biét phan tr nao chua phan cuc. Giai thich va chi rd dang lai hoa cia
nguyeén tr trung tam.
2.15. Chon cac phat biéu dung:
A. CO, va SO, déu c6 cau triic thang hang
B. CH, va NH"; déu c6 cau truc tir dién déu

C.COZ% vaSO?% déu co cdu truc phiang
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D. H,0 va BeCl, déu c6 céu tric goc
3. Bai tap tong hop
2.16. Dwa vao d6 4m dién, hiy sdp xép theo chiéu ting d6 phan cuc cua lién két giira
hai nguyén tir trong phan tir CaO, MgO, CH,, AIN, N,, NaBr, BCl;, AICI;. Phan tur
nao thudc loai lién két ion? Lién két cong hoa tri c6 cuc, khong cuc?
2.17.Tai sao nito 1a mot chat khi tuong ddi tro ¢ nhiét do thuong? Viét cong thuc
electron va cong thirc ciu tao ctia NHg, NH,Cl, HNO;. Xéac dinh hoa tri va sd oxi hoa
clia nito trong cac hop chat do?
2.18. Trong phan tir N, va NO, nguyén tir nito c6 thoa man quy tic bat tir khong?
Giai thich? Cho nguyén tir nito c6 Z =7 va oxi c6 Z = 8.
2.19. Trong bang hé thong tuan hoan, cacbon va silic 1a hai nguyén t6 thudc chu ky 2
va 3 va ¢ cung nhom IVA. Hay giai thich:
1. Tai sao cacbon & dang cdu tric kim cwong lai c6 nhiét d6 nong chay cao (=
4OOOOC), trong khi do6 Si lai c6 nhi¢t d6 nong chay théip hon(= 1410°C).
2. Phan tir CCl, 1a trung hoa, tro véi nude, con SiCly lai c6 tinh axit va dé bi phan
huy.
2.20. Hai phan tir NH; va NF5 déu c6 cau tric thap tam giac.
1. Hay cho biét trang thai lai hoa ctia N trong ca hai truong hop trén va biéu dién
chung bang so d6?
2. Giai thich tai sao momen ludng cuc ctia phan tir NH; (1,46D) 16n hon nhiéu so
véi gia tri tuong tng cua NF; (0,2D)
Cho H(Z=1); N(Z=7); F(Z=9)
a(HNH) = 170% a(FNF) = 102% y F > x N > y H.
2.21. Giai thich céc trang thai hoa tri cua cac nguyén t6 dudi day: F,Cl, O, S, N, P, C.
2.22. Noi dung co ban ctia phwong phép obitan MO 14 gi? Lay truong hop ion HY dé
giai thich.
2.23. V& gian d6 nang luong cac MO cua cac phan tir A, thudc chu ki 1 va 2. Tir d6
viét cac diy ning luong ting dan cac MO cua chiing.
2.24. Tai sao khong ton tai cac phan tir He,, Ne,? Giai thich bang phuong phap: VB va
MO.
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2.25. Thé nao 1a phén tir phan cuc va khong phan cuc? Liy vi du. Dai luong dic trung
cho do phan cuc cua phan tir la gi?

2.26. Momen ludng cyuc cua phan tir 1a gi? Lam thé nao dé biét duoc mot phan tir cd
momen ludng cuc bang khong hodc khac khong?

2.27. Luc VandeVan gdm nhiing twong tac gi? Pac diém cua lyc VandeVan 1a gi? Luc
VandeVan gdy nén nhiing qué trinh nao ctia cac chét?

2.28. Piéu kién tao thanh lién két hidro 14 gi? Anh hudng cua lién két hidro dén tinh
chat nhu thé nao? Cho vi du. So sanh nhiét do noéng chay va nhiét do soi cua
CH3CH,0H va CH30CHj3. Giai thich?.

2.29. Giai thich su tao thanh lién két cho-nhan trong cic phan tir va ion dudi day:
NH,CI, H;0".

2.30. Phén biét lién két o va . Cho vi du. Lién két nao bén hon. Tai sao?

2.31. Sy phan chia cac loai tinh thé dua trén co sé nao? Néu mot sb dic tinh cia cac
hop chit tao béi céc tinh thé ion, tinh thé cong hoa tri, tinh thé phan tir, kim loai.

2.32. Dy doan xem hop chat nao trong cac cap hop chit dudi ddy co nhiét d6 soi cao

hon, hoa tan trong nuéc nhiéu hon? Vi sa0?

1. NaCl va RbClI 2. CsCl va NaCl
3. Nal va NiF 4. Csl hay CsBr
2.33. Cho mot loat cac hop chat duge xép theo tirng nhom trong bang duéi dy:

IVA VA VIA VIIA
CH, NH; H,O HF
SiH, PH3 H,S HCI
GeH, AsH; H,Se HBr
SnH, SbH; SbH; HI

Hay giai thich tai sao nhi¢t do s6i(t%) va nhét do nong chéy(tonc) lai ting dan tir CH,
dén SiH, trong nhom IVA, trong khi d6 & cac hop chét con lai thudc nhom VA, VIA
va VIIA thi (t%) va (t°nc) lai giam tir chit 1 dén chit 2 sau d6 lai tang tir chit 2 dén
cubi nhom.

2.34. Dung dich C,HsOH trong nudc ton tai bon kiéu lién két hidro, kiéu nao bén hon:
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) O—H 0N H—0-—H—0

U c) | |
H H H C.H-
H—D---H—{l} D—H-—-[?—H
b) d)
l’.Isz H CH;  CH;

2.35. 1.Cho cac dic trung vé do dai lién két hidro va nang luong hinh thanh né nhu

Ssau.
O—H...0 (H,0) 2,8A : 25KJ/mol.

O - H ...O (axit cacboxilic) 2,5 ,& : 30KJ/mol
Giai thich vi sao cung 12 lién két hidro ma trong hai trudng hop lai khac nhau.
2. Su bién doi d6 dai lién két hidro ciia cac hop chét sau:

NH; | HF : N-H..F  26A

0

NH; | H,O: N-H..O 2,7A

NH; | NHg: N-H..N  29A

Cho biét 1i do vi sao do dai lién két trong cac hop chét trén lai thay doi?
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CHUONG 3. NHIET PONG HOA HQC

Nhiét dong hoc nghién ctru su thay doi ning luong giita hé nghién ctru va moi
truong; su chuyén hoa 13n nhau gitta cac dang niang luong, dic biét giira nhiét ning va
cac dang ning lugng khac. Nhiét dong hoc ciing xem xét xu thé dién bién va giéi han
cua cac qua trinh do.

Viéc ap dung céc nguyén li cua nhiét dong hoc vao trong hod hoc lam xuat hién
nganh nhiét dong hoa hoc. Nhiét dong hoa hoc cho biét ning lwong kém theo cac qua
trinh hoa hoc, chiéu va gi61 han cua cac qua trinh hoa hoc. Co sé li thuyét cua nhiét

dong hoa hoc la cac nguyén li cua nhi¢t dong hoc.

3.1. Mt s6 khai niém
3.1.1. Khi li twéong
a. Khai niém

Chét khi dugc coi 1a 1i tuong khi bé qua sy twong tic giita cac phan tir khi, bo
qua thé tich riéng cua cac phan tir khi. Nhu vay, ¢ thé coi khi ¢ ap suét thap 1a khi 1i
tuong.

Phuong trinh trang thai khi li tuédng c6 dang:
PV = nRT = %RT (3.1)

O day: m 1a khdi luong cua khi (g);
M: Mol phan tir cua khi (g);
R: Hing s6 khi 1i twong, R= 0,082 | .atm/mol.K nghia 14 thé tich dwoc
dung 1a lit, ap sut 14 atmotphe va nhiét do tuyét doi.
Chi y: Hang s6 R co gia tri khac néu ding cac don vi khac cua thé tich va ap
sud: latm=1,013.10°Pa=1,013.10°N/m?=760mmHg.
b. Tinh chit khi li twong
Trong binh kin ctia mot hon hop khi, mdi khi gy nén mot 4p suat riéng phan

ctia khi d6 va duoc ki hiéu 1a Pi. Tong ap suét riéng phan cua cac khi trong hdn hop
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bang 4p sudt chung P cta hdn hop khi. Goi V 1a thé tich chung ctia hdn hop khi, thi
phuong trinh trang thai khi 1i tuong c6 dang:

PSP :ZniRT

Y (3.2)

Zni : Tong s6 mol khi trong hdn hop, n;: S6 mol khi i trong hdn hop.
Ap suét riéng phan P; ciia khi i trong hdn hop c6 thé tinh theo cong thirc:
R=n ﬂ
v (3.3)

3.1.2. H¢ va méi trwong

He¢ la phén ctia vl tru dugce tach ra dé nghién cuu, phﬁn con lai cta vii tru nam
ngoai hé¢ duoc goi la moi truong. Ngudi ta phan chia thanh cac loai h¢ nhu sau:

Hé c6 Idp 1a hé khong trao doi chat va nang luong voi méi truong (hinh 3.1a)

Hé kin 13 hé chi trao d6i ning luong, khong trao d6i chat voi méi trudng (hinh
3.1b,c);

Hé mé 13 hé trao d6i ca nang lugng va chat vai méi truong (hinh 3.1d);

Hé dong thé 1a hé khong c6 bé mit phan chia pha trong hé, Vi du: Hé gém céc
chat khi 1a hé dong thé;

H¢ di thé 14 hé c6 bé mat phan chia pha trong h¢, Vi du: Hé gém nudc long -
nude da.

Toan bé phan dong thé cia mot hé, ma & d6 thanh phan hod hoc va tinh chat
vat Ii tai moi diém déu do”‘ng nhat dwoc goi la pha.

Vi du: Hé di thé trong vi du trén 14 h¢ hai pha.

Binh ___
céach nhiét

Hinh 3.1. a) Hé co lap, b, ¢) Hé kin, d) Hé m&
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3.1.3. Quy w6 dau ciia ning lwgng trao doi giira hé va méi truomg

Trong qué trinh bién d6i, néu hé nhan ning lugng ciia moi trudng thi ning
lwong cua hé nhan mang diu duong.

Vi du: Khi nuédc 16ng bay hoi nhan nhié¢t cia moi truong. Hi¢u ung nhiét cua
qua trinh nay la + 44,01kJ/mol.

Nguoc lai, khi hé bién d6i ma nhudng ning lwong cho méi truong thi ning
lwong ma hé nhudng mang ddu am.

Vi du: Hiéu tng nhiét cia qué trinh 1 mol hoi nudc chuyén hoan toan thanh
1ong & 25°C va latm 14 - 44,01kJ/mol.

3.1.4. Thong s6 trang thai. Ham trang thai

Trang thai vi mé cia mot hé duoc dac trung bﬁng mot tap hop cac dai luong
nhu: nhiét do; ap suat; thé tich; khoi luong; thanh phﬁn hoa hoc.... Nhitng dai lugng
nay duoc goi 1a théng sé trang thdi.

Théng sé trang thdi khuéch do 1a dai luong ti 18 voi lwong chit, nhu 1a: Thé
tich, khoi luong.

Thong s6 trang thai cuong do la dai lugng khong phu thudc vao luong chét ,
nhu 1a: Nhiét do, 4p sut, ndong do.

Cac thong sb trang thai dac trung cho mdt h¢, lién hé vdéi1 nhau bé“mg mot
phuong trinh goi 1a phuwong trinh trang thdi. Vi du: n mol khi 1i tuéng ¢ nhié¢t 4o T, ap
suat P, chiém mot thé tich V lién hé véi nhau theo hé thirc: PV=nRT .

Ham trang thadi 1a ham ma gié tri cua no6 chi phu thudc vao cac thong sb trang
thai clia h¢, nghia 1a n6 khong phu thudc vao nhimng bién doi trudc d6 cua hé. Vi du:
C6 n mol khi li tudng & trang thai 1 dugc dac trung bdi phuong trinh trang thai

, 0 trang thai 2 dac trung boi phuong trinh trang thai P, = nRT,
1 2

nRT,

. Khi ¢,

P, =

P 12 ham trang thai, n6 khong phu thudc vao cach bién doi tir trang thai 1 sang trang
thai 2.
3.1.5. Trang thai cAn bing

Mot hé ¢ trang thai can bang, néu cac thong s trang thai cta hé khong bién doi
theo thoi gian. Trong truong hop ndy, ton tai ddng thoi can bang nhiét, can bang co va

can bang hoa hoc.
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3.1.6. Cong va nhiét

Cong va nhiét 1a nhirng hinh thirc truyén nang lugng giita hé va méi truong, do
dé c6 thtr nguyén nang luong. Cong va nhiét khong phai 1a ham trang thai, gia tri ctia
chung phy thudc vao cach bién dbi.
a. Cong A

La mét dai luong dic trung cho mirc do trao doi niang luong théng qua chuyén
dong c6 hudng cua hé.

Vi du: Khi nang mot vat co khdi luong m 1én mot d6 cao h so vo1 mat dat, ta da
tac dong vao vat mot cong A: A =mgh. (3.4)

g: Gia toc trong luc, cong duoc tinh bang Jun (J).

Theo qui udc, cong c6 diu duong néu né do méi trudng xung quanh tac dung
vao hé, trong trudng hop nguoc lai cong c6 dau am.

Chéng han, cong cua sy dan n¢ khi li tuong tur thé tich V; dén thé tich V, &

nhiét do khong thay doi trong mot xi lanh kin nho mot pittdng duoc tinh bang cong
2

thite: A= - j P.dV (3.5)
1

P.: Ap suat bén ngoai tic dung Ién phia ngoai pitténg.
b. Nhiét Q

La mot dai luong dac trung cho muc dg trao doi nang luong. Su khac nhau 1a ¢
chd trong truong hop nay su trao d6i ning luong duoc thuc hién thong qua sy chuyén
dong hon loan ctia cac phan tir.

Nhiét duoc do bé’mg Jun. Vi li do lich sir ngudi ta van con sir dung don vi calo:
1calo = 4,184 Jun.

Theo quy udc, nhiét Q cé gia tri dwong khi hé thu nhiét va gié tri &m khi h¢ toa

nhiét.

3.2. Nguyén li thir nhit ciia nhiét dong hoc
3.2.1. N§i ndng U
Ndng lwong ciia mot hé bao gdm dong ndng chuyén dong cd hudng (chuyén

dong co) cua toan h¢, the nang cia hé trong truong luc va noi nang cua he.
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Ngi nang ctua hé 13 phan ning lugng tng v6i sy van dong bén trong hé, gdm
dong ning chuyén dong hdn loan cla cic phan tir (tinh tién va quay ); thé ning twong
tac giita cac phan tir; dong ning va thé ning chuyén dong dao dong cua cic nguyén tir
trong phan tur; nang luong cua cac electron va hat nhan nguyén tu.

No1 nang ctua h¢ phu thudc vao ban chét, sb luong, ap suat, nhiét do, thé tich va
thanh phém cud no. Noi nang la dai luong khuéch do va 1a ham trang thai.

3.2.2. N§i dung nguyén li I

Nguyén 1i thir nhét cta nhiét dong luc hoc (goi tit 1a nguyén 1i I), con duge goi
1a nguyén 1i bao toan ning lugng. Nguyén 1i I dugc rat ra tir viée tong két kinh nghiém
ctia loai ngudi ma khong chimg minh duge bang 1i thuyét. Nguyén 1i I duoc thira nhan
1a khéng mau thuén vé6i thue nghiém va moi hé qua duoc rit ra tir d6 déu phu hop voi
thuc nghiém. Nguyén 1i I dugc phat biéu duéi nhiéu dang khic nhau, duéi day la mot
dang cua nguyén i I:

Khi mét hé kin thwc hién mét qud trinh, tong dai sé cong A va nhiét Q ma hé
trao doi véi méi trwong ngodi la khéng doi va bang d bién thién ni ning ciia hé.

A+ Q=AU = const (3.6)

Trong d6: AU 1a su bién thién ndi nang ctia hé khi chuyén tir trang thai Isang
trang thai 2: AU =U, - U,, U la ham trang thai nén AU khong phu thudc vao cach
chuyén tir trang thai nay sang trang thai kia cta hé.

Khi hé thyc hién mot qua trinh v6 cting nho, biéu thirc cta nguyén i I ¢ dang:

dU=0A + 0Q (3.7)

8A,8Q 1a khong phai 14 vi phan toan phan, nhung tong SA+8Q lai 1a vi phan
toan phan va bang dU.

Néu cong duogc thuc hién chi do sy bién doi thé tich (cong thé tich) thi:

0A=-PdV (3.8)

P : Ap suit;

dV: Vi phan thé tich.

2
Tirdé: dU=8Q -PdV => AU = Q- j PdV (3.9)
1
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3.2.3. Nhiét dang tich va nhiét dang ap
Nhiét dang tich: Néu hé bién ddi ¢ thé tich khong ddi (V= const) thi dV=0
va tir hé thirc (3.9) ta c6 AU=Q, (3.10)
Qv la nhiét d'fmg tich, né 1a ham khuéch do.
Nhiét dang dp: Néu su bién doi ¢ ap suat khong doi (P=const) tir (3.9) ta co:
AU = Qp - P(V2—V1)

U,-U, =Q, —PV, +PV,

Q, :(U2 + PVZ)—(U1+ PVl)

(3.11)
Qp 14 nhiét ding ap
pit H=U+PV (3.12)
Taco H2 —H1 =AH=Qp (3.13)

H goi la entanpi, n6 13 ham trang thai vi U va PV déu 13 ham trang thai. AH 13
su bién thién entanpi cua hé, thuong goi tit 1a entanpi ctia hé. H 13 ham trang thai nén
AH chi phu thudc vao trang thai dau va trang thai cudi cua hé. AH 1a dai luong
khuéch do.

3.2.4. Nhiét phan ing
a. Nhiét phén teng ding dp va nhiét phén img dang tich

Nhiét phan vmg ddng dp cia mot phan Gng 13 luong nhiét trao d6i v6i méi
truong khi cac chat tham gia phan tng tic dung hét v4i nhau tao ra san pham & ap suat
va nhiét o khong doi. Nhiét phan tng dang 4p duoc ki hiéu 1a AH hay Q,

Nhiét phdn vmg dang tich khac nhiét phan tng ding ap ¢ chd 1a phan Gmg duoc
thuc hién & thé tich khong d6i, nhiét d6 khong d6i va duogc ki hiéu 1a AU hay Q, .
Nhiét phan vmg dding tich con goi la ndi nang ciia phan ing.

AH va AU chi phu thudc vao trang thai dau (trang thai cac chit phan tmg) va
trang thai cudi (trang thai cic san pham phan tng) va 1a cac dai lugng khuéch do.

b. Phdn vrng tod nhiét va phan wng thu nhiét

Phan ing toa nang lugng cho moéi truong dudi dang nhiét goi 1a phan ung toa

nhiét, nghia la AH <0 hoac AU <O0.
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Phan tng thu nang lugng cua moi truong dudi dang nhi¢t goi 1a phan ung thu
nhiét, nghia la AH > 0 hoac AU > 0.
3.2.5. Cac trang thai chuin
a. Trang thdi chudn ciia mét chat

Trang thai chuin & nhiét dd T cta chit khi 1a trang thai cia khi d6 dugc coi 1a i
tudng ¢ nhiét do T va ap suét 1 atm.

Trang thai chuin & nhiét d6 T cua chét long hodc tinh thé 1a trang thai cua chét
d6 ¢ nhiét 46 T va ap suit latm.
b. Entanpi tgo thanh chuin cia mot chat & nhigt do T (ki hiéu 1a AHY) va ¢ trang
thai xac dinh 1 entanpi ctia phan tmg tao thanh mét mol chat 6 & nhiét do T va trang
thai chuan, tir cdc don chat bén nhat cung ¢ nhi¢t do T va trang thai chuan. Vi du:

Coy + Oy s AHg =-393,5K7

latm, 25°C  1atm, 25°C  1latm, 25°C

AH898(C02)=393,5kJ/m01

Tir dinh nghia trén ta thiy: Entanpi tao thanh chudn ciia don chdt bén & nhiét
do T la bang khéng: AHZ =0
3.2.6. Pinh luat Hec (Hess) va cac hé qua
a. Dinh ludt Hec (1840)

Hiéu vmg nhiét ciia phdn iing hod hoc (AH ) chi phu thudc vao trang thdi ddu
va trang thai cuoi cua hé, chir khong phu thudc vao qua trinh thyc hién.

Vi du: Xét so d6 phan tng:
C+0, —> CO,
A Hx /4A Hj
CO + 1/,0,

Theo dinh luat Hec: AH; = AH, + AHj3

Thuc nghiém co thé xac dinh chinh xac AH; va AHS, khong thé xac dinh
chinh xac AH,. Vi vy c6 thé xac dinh gian tiép duoc AH, = AH; + AHs.
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b. Hé qud thir nhit

Entanpi ciia phdan vmg thudn (t) bang entanpi ciia phan iing nghich (n) nhung
nguoc dadu: AH;=-AH,

Vi du: Phan ing C(gy + '/ Opg9 — COgy €0 AH g = - 110,5k]

Con phan tng COyy — Cigny + 120509 €0 AH%gg = +110,5k]
c. H¢ qua thir hai
Entanpi ciia mét phan iing hod hoc bdng tong entanpi tao thanh cia cdc chat

san pham (sp) triv di tong entanpi tao thanh cia cdc chat phan iing (pu):

AH => AH - >AH 3.14
2AH(gp) ~ 2AH ) (314

Xétphan tmg: aA + bB —» c¢C + dD
AH =(cAHc + dAHp) - (@AHA + bAHg) (3.15)

Vi du: Tinh AH%gg ctia phan ung:

+ éO2 — 2CO,,, + H,0
2

2(k) (k) Q)
AH%gg (kI/mol): 226,6 -393,5 -285,8
Giai. Ap dung cong thic (3.15), ta cé:
AH%g = (2AH05C0, + AH06H,0) - AH%65CoH,
= {(-2.393,5) + (- 285,8)} - 226,6 =-1299,4 kJ
3.2.7. Sy phu thugc cia nhiét phan rng vao nhiét do
Su phu thudc gitra hi€u ing nhiét cua phan ing hod hoc va nhi¢t 4o duogc thuc

hién bing biéu thirc:
T,
AH, =AH, + [ AC,dT (3.16)
T

(3.16) La phuong trinh Kiecxop, trong do:
AH, Nhiét cua phan ung ¢ nhiét do T,;
AH, Nhiét phan ung ¢ nhi¢t d6 Ty;

AC,= > Cq, - 2.Cqplado bién thién nhiét dung mol dang ap * .

! Cyp 1a nhiét dung mol dang ap: La lugng nhiét can thiét dé nang mot mol chat d6 1én 1°C &

diéu kién ap suat khong doi va hé khong c6 su chuyén pha. Pon vi ciia Cp 1a J/mol.K.
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Su khac nhau vé nhiét dung thuong rat bé va & khoang nhiét do T, dén T,
thudong khong 16n, do d6 ACp c6 thé coi nhu khong d6i. Khi d6 biéu thuc (3.16) o
dang:

AH, = AHy + AC,(T; - Ty) (3.17)

Vi du: Xéc dinh AH° ¢ 398K ctia phan tng: CO + % 0, » CO,

Biét AH%gg = -283kJ/mol va nhiét dung mol déng ap cta cac chat CO, O,, va
CO, 1a:29,15; 29,36; 37,13 (J/mol.K) & moi nhiét do.

Gidi: Ta c0AC, = 37,13 - 29,15 - %.29,36

=-6,7JK =-6,7.10°kJ/K
Suyra AHsgs = AH%gg + AC, (398 - 298)

= -283-6,7.10°.100

= -283,67kJ

3.3. Nguyén li thir hai ctia nhiét dong hoc
3.3.1. Entropi
a. Mivc dp hon loan ciia hé va chiéu hwéng dién bién ciia cdc qud trinh

Trong tu nhién co cac hién tuong xay ra theo mdt chiéu ma khéng cé qud
trinh nguoc lai. Vi du: Nhiét truyén tur vat nong sang vat lanh; khong khi di chuyén tur
noi c6 ap sut cao sang noi cé ap suat thap; mot sd phan Gmg xdy ra 1 chiéu:

Na + HzO—)NaOH + %Hz

NaOH + HCl — NaCl + H,
Qud trinh khuéch tan (hay tron 13n) cac khi. Néu c6 2 budng cach nhau bang

1 vach ngin, mot budng chira khi A va 1 budng chira khi B (trang thai 1).
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I .
A B A+B
Trang thai 1 Trang thai 2

Hinh 3.2. M6 hinh hién twong khuéch tan

Néu bo vach ngin, khi trong binh A s& tr di chuyén sang binh B va khi ¢ B s&
tu di chuyén sang A, va cac khi s& chiém toan b thé tich ciia ca hai binh (trang thai 2).
Néu so sanh mirc d6 hdn loan caa hé & trang thai 1 va trang thai 2 ta théy réng O trang
thai 2 mic do hon loan cia hé cao hon vi ¢ trang thai nay cac phan tir cuia hai khi xen
1an v6i nhau va mdi phan tir khi chuyén dong trong mot khong gian 16n hon. Nhu vy
qua trinh chuyén hé tir trang thai 1 sang trang thai 2 1a ty dién bién va trong qué trinh
nay hé chuyén tr trang thai c6 do hon loan thép sang trang thai c6 do hon loan cao
hon.

Qua trinh néng chay (hay thing hoa ctia chat ran), qua trinh s6i ctia chat 1ong,
qua trinh dian nd cac chat khi, qua trinh hoa tan tinh thé... va phan tng hoa hoc c6 lam
tang thé tich (phan ung phan huy) déu 1am ting mirc 46 hdn loan cua hé. Nguoc lai
nhitng qua trinh lam tang trat ty cta cac hat nhu lam lanh, hoa rén, ngung ty, nén, két
tinh tir dung dich, phan tng ho4 hoc 1am giam thé tich (phan tng trung hop) déu lam
gidm muc do hon loan ciia hé.

Nhie thé, cdc qud trinh tw dién bién déu theo hwdng lam ting mirc do hén loan
cua hé.

b. Entropi

Pé dic trung cho mirc d6 hdn loan cta hé ngudi ta ding mot dai lwong goi 1a
entropi ki hi¢u 1a S.

Vay entropi la thude do mike @6 hon loan ciia hé. Cac qué trinh lam ting muc
d6 hon loan déu lam tang entropi ciia hé va nguoc lai.

Thur nguyén cua entropi 1a J/mol.K. Entropi 1a mét dai lugng khuéch do, nghia

1a phu thudc vao luong chét.
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Tir ban chét cua entropi (dic trung cho mirc d6 hdn loan cua hé) c6 thé rat ra
nhiing tinh chdt sau ctia entropi:

- Entropi tang theo nhiét do: Khi nhiét do tang thi entropi tdng va nguoc lai.

- Hé cang phuc tap thi entropi cang 1on.

- Bdi véi cting mot chat thi entropi ciia trang thai khi 16n hon entropi clia trang
thai 10ng, con entropi cia trang thai long 16n hon entropi cta trang thai ran.
3.3.2. Nguyén li thir hai ciia nhiét dong hoc

C6 nhiéu cach phat biéu nguyén 1i thir I1, sau day 1a 1 cach:

Ton tai 1 ham trang thai entropi ma sy bién d6i ctia nd ludn ludn 16n hon hodc
bang nhiét rat gon (chi trong qua trinh thuan nghich thi su bién doi entropi méi bang

nhiét rat gon):

0Q
ds > = (3.18)
AS > [2X (3.19)
E

Déu “=" tng v&i qué trinh thuan nghich (TN) (qua trinh can bang).
Déu “>” g v6i qué trinh bat thuan nghich (BTN) (qua trinh tu dién bién)

Ti s QTTN dac trung cho qua trinh thudn nghich dugc goi la nhiét rat gon trong

qua trinh thuédn nghich .
(3.18) 1a biéu thirc toan hoc cua nguyén li 2 vi v6i hai dau (ding thuc va bat
dang thtrc) né biéu thi duoc ca 3 ndi dung cua nguyén li 2: kha nang, chiéu hudéng va

gi61 han cua qua trinh tu dién bién.

3.3.3. Su bién thién enntropi trong mdt s6 qua trinh
a. H¢ co lap
Qm=0 > AS =0
Qsn >0 > AS >0
Nhu thé, trong qua trinh thuan nghich (hay cén bang) entropi cua hé 13 khong

d6i. Trong qua trinh bt thuan nghich (qué trinh tu xay ra), entropi cua hé ting.
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b. Qud trinh chuyén pha ciia chit nguyén chit

Khi chat nguyén chit chuyén pha (néng chay; soi; thing hoa; chuyén dang tinh
thé) & ap sudt khong doi va trong sudt qua trinh dang chuyén pha nhiét d6 khong doi.
Dy 14 qua trinh ding nhiét-dang ap va duoc coi 1a qua trinh thuan nghich nén ta co:

2
Qm AH
AS = |= = —— 2
S ! T T (3:20)

AS: Su bién thién entropi ctia qua trinh chuyén pha (J/mol.K);

AH: Entanpi ctia qua trinh chuyén pha (J/mol);

T: Nhiét do chuyén pha (K).

Vi du: Nhiét nong chdy cua thuy ngan la 2297J/mol va nhiét d§ nong chay cua

thuy ngéan 1a -39°C. Tinh bién thién entropi ctia qua trinh néng chay thuy ngan.

AH
Giai: Ho() ——— HI()  AH=22973/mol

AH _ 2297

AS = =
T 273-39

=9,816J/mol.K

c. Sw bién doi entropi khi thay déi nhiét dp ciia h¢
Trong mot khoang nhiét d hep, nhiét dung cua céc chat duogc coi la khong doi,
bién thién entropi ctia n mol chét tir nhiét d6 T; dén T, duoc tinh theo phuong trinh:

AS =S, - S, =ncp1n% (3.21)

1

Nhu vy, chat co nhiét dung riéng cang 16n, entropi cang bién ddi nhiéu theo
nhiét d6. Tuy nhién, bién thién entropi ciia phan ung hod hoc khi thay dbi nhiét do
khong dang ké va c6 thé bo qua dugc.
d. Sw bién déi entropi trong cdc phén teng hod hoc

Gia sir c6 phan tng sau dugc thuc hién & 4p suat va nhiét do khong doi

aA + bB - cC + dD

Vi entropi 12 mot ham trang thai nén su bién thién entropi ctia phan tng dugc

tinh theo cong thirc sau:

AS =(cSc +dSp) - (aSa + bSg) (3.22)
Hy AS=Y'S, -3'S.. (3.23)
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Néu phan tng thuc hién ¢ diéu kién chuan va nhiét d6 298K

Asggs - Z SSQS(sp) - Z Sggs(cpu) (3.24)
Vi du: Tinh AS%es clia phan rng:
SO,(k) + 1/20,(k) — SOs3(k)
Cho biét S°g clia cac khi SO,, O, va SO; lan lugt 1a: 348,2; 205,2 va 256,8
J/mol.K
Giai. ap dung cong thic 3.24 ta co:
Asggs = Sggssos - (8298802 + % 839802)
= 256,23 — (248.53 + 1/2.205,03)
=-94,81J/K
Mt cach dinh tinh, ta c6 thé danh gia sy bién doi cua entropi trong cic phan
ung hoda hoc nhu sau:
Tinh An = Tbéng hé sé san pham — Tong hé s6 chat tham gia
Luu ¥: Chi xét hé s6 chat khi, néu An > 0thi AS>0vanéu An<0thi AS<

O phan tmg trén s6 mol khi ¢ san pham 1a 1, it hon s6 mol khi chit phan tng
An=1-1+05=-05<0nén AS<0
Néu xét phan tng:

SO, — SO, +0,50,,, AS%, = +94,81 / K

An=1+05-1=05>0nén AS >0
Nhue vdy, viéc danh gid entropi mét cach dinh tinh cho két qua hoan toan phi

hop voi cach tinh dinh luong.

3.4. Nguyén li thir ba ctia nhié€t dong hoc

Entropi ciia cdc chdt nguyén chdt dwdi dang tinh thé hoan hdo & khéng do tuyét
doi bang 0. Syr=0) =0 (3.25)

Goi ASt_, 1a bién thién entropi tir 0 do tuyét ddi toi T d6 tuyét dbi, St la
entropi tai nhiét do T va Sy la entropi tai 0 do. Ta co:

AST*}O = ST - S() = ST (326)
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Nhu vay, nguyén li thir 3 cho phép xac dinh entropi cua chit nguyén chit & moi
nhiét dg theo cong thure (3.26).

Ciing nhu nhiét tao thanh AH, entropi S cua cac chét thuong dugc xac dinh
trong nhiing diéu kién nhat dinh. Gia tri entropi dugc xac dinh ¢ latm va nhi¢t do
khong ddi T duoc goi 1a entropi chuén ¢ nhiét d6 T va duoc ki hiéu 1a S%. Entropi

chuin cua chét & latm va 25°C (298K) duoc ki hiéu 1a S%s.

3.5. Thé dang ap-ding nhiét G (niing lwong Gip)
3.5.1. Tac dong ciia cac yéu td entanpi AH va entropi AS Ién chiéu huwéng dién
bién clia qua trinh hoa hoc

C6 hai yéu to tac dong 1én chiéu hudng dién bién ciia qué trinh hoa hoc:

Qua trinh ty dién bién khi AH < 0, nghia la khi nang luong ctia hé giam, hé
chuyén tir trang thai c6 ning luong cao sang trang thai ning lugng thap hon, do dé tro
thanh bén hon.

Qud trinh ty dién bién khi AS > 0, nghia 1a hé chuyén tir trang thai c6 d6 hdn
loan thép sang trang thai c6 do hdn loan cao hon.

Hai yéu t6 nay tic dong dong thoi 1én hé nhung thuong xay ra theo hai chiéu
nguoc nhau. Vi du: Khi nuée duge chuyén tr 100°C xudng 25°C, né di téa nhiét ra
moéi trudng (AH < 0) va dong thoi mic do hdn loan cua hé ciing giam xubng do
chuyén tir thé hoi sang thé long (AS < 0).

Nhu vay, trong mdi qua trinh ludn ludn ¢ sy canh tranh giita hai yéu té: Yéu t6
entanpi (lam giam nang luong cua hé)va yéu t6 entropi (Iam tang mirc d6 hdn loan ciia
hé). Trong viéc canh tranh nay yéu t6 nao manh hon s& quyét dinh chiéu huéng cua
qua trinh. Sy canh tranh cta yéu t entanpi va yéu t6 entropi dugc thé hién qua dai
liwong thé dang dp-ddng nhiét (con goi tat 1a thé dang ap hay niang lugng Gip), ki hiéu
la G.

3.5.2. Thé ding ap (G)
Thé dcfng dp duogc dua vao nhiét dong hoc theo biéu thirc sau:
G=H-T.S (3.27)
G duoc biéu thi bang nhitng don vi ctia H va S nghia 1a Jun va kiloJun va ciing

thudng duogc tinh ddi véi 1 mol chat.
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Khéng thé xac dinh duogc gia tri tuyét dbi cua thé diang ap, nhung co thé xac
dinh duoc sy bién thién ctia n6 trong mdi phan tng hoa hoc (hay trong mot qua trinh
dang nhiét - dang ap bat ki). Biéu thuc tinh thé dang ap-ddng nhiét la:

AG =AH -T.AS (3.28)

Vi AH va AS la cac ham trang thai nén AG ciling 1a ham trang thai, nghia la
bién thién thé dang ap chi phu thudc vao trang thai dau va trang thai cudi cua hé ma
khong phu thudc vao qué trinh bién dbi cta hé.

3.5.3. Thé ding ap tao thanh chuén

Thé dcfng dp tgo thanh chudn cia mét chat & nhiét dé T, & trang thai vt li xac
dinh la thé dang dp cia phan vmg tao thanh 1 mol chdt dé ¢ nhiét @6 T va trang thdi
chudn (ki hiéu la AGOT).

Vi du %Nz(k) + gHZ —> NHg(k) ) AGOZQS = '16,63kJ/m0|

Tir dinh nghia trén cia AGP; ta suy ra thé dang dp tao thanh chudn ciia cdc
don chdt bén & nhiét d¢ T bang khéng: NG’ = 0.
Vi du: Tinh AG? 6 25°C cua phan tng sau: 2NO, — N,O,

Chat AHS, (KJ/mol)  S%.(J/mol.K)
NO, 33,89 240,45
N,O, 9,37 304,30

Giai:  AG), = AHZ, —298AS?,
AH 555 = AH (N, 0,) — 2AH 4, (NO, )
=9,37 - 2.33,89 =-58,61kJ/.K
AS e = Sps(N,0,) —25°,5, (NO, )
= 304,30 - 2.240,45 = - 176,6J/.K
=> AG%q5= -5983]
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3.5.4. Chiéu hwéng ciia phan wng hos hoc
Tir biéu thie (3.28) ta thdy sy bién thién thé dang 4p phu thudc vao hiéu tng
nhiét AH va bién thién AS . Mdi quan hé gitta 3 dai lugng duogc ghi trong bang(3.2).
Bdng 3.2. Xét ddu ciia AG theo AH va AS

STT Dau Két luzfuj vé c’hiéu tw
AH | AS AG dién bién

1 - + (-) v6i moi T Ty dién bién

2 + - (+)vé6imoi T | Khong tu dién bién
(-) khi T nho Tu dién bién

’ _ "~ [ (OKhiT1én | Khong tw didn bién
(+)khi Tnho | Khéng ty dién bién

* ' ' (-) khi T 16n Tu dién bién

Tir bang 3.2 ta thiy, chiéu ciia mdt qua trinh c6 thé duoc xac dinh theo dau
ciia AG. Vi vay, dé don gian khi xét chiéu ctia mot phan tng hoa hoc ta chi can xét
dau ctia AG, néu AG > 0 qud trinh khéng xay ra dwoc, néu AG < 0 qud trinh tw xdy
ra.

Vi dul: Phan Gng chay cta cac nhién li¢u luon luén c6 AH < 0va AS >0 cho
nén luén co AG <0.

Vidu 2: N, + 20, - 2NO,, AH>0

Phan tmg thu nhiét AH <0, AS <0 vi ¢6 sy giam sb phan tir khi. Vi viy AG >
0, phan Gmg khong tu xay ra. Khi cung cip niang luong phan tmg s& dugc thyc hién.

Vi du 3: N, +3H, $*F 2NH;

O 298K: AHag5= - 92380J/mol, AS%5gq = -198,13J/mol.K

O nhiét d6 khong cao sao cho AH - TAS < 0 thi AG < 0 phan ung sé& xay ra
theo chiéu thuén.

O nhiét d6 cao sao cho AH - TAS >0 thi AG > 0 phan tmg xay ra theo chiéu
ngugc lai.

Vi dl} 4. N204 :A{:AAT 2N02 .AH>0

O 298K: AH=58,19 kJ/mol, AS =175,56 J/mol.K
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O nhiét d6 thap AG,es= 6,434 kJ/mol > 0, phan tng dién ra theo chiéu nghich.
Khi T > 298 thiAG < 0, phan tng lai dién ra theo chiéu thuan.
3.5.5. Su bién thién thé ding ap ciia cac phan wng hoa hoc
Viéc tinh thé dang 4p cta phan tng hoa hoc co thé sir dung cac cong thirc
(3.27). Béi véi cac phan tng oxi hoa - khir con str dung cong thirc:
AG = - nFE (xem chuong 6).
Déi véi phan tng: aA + bB — c¢C + dD, thé ding ap duoc tinh theo

biéu thurc:

AGy =2 AGY () =2 MG ) (3.29)
Vidu 1: Tinh Aeozgg cua cac phan rng sau:
250,49 + Oyp9 — 2503y 6 298K

AG5(kd/mol) -300,37 - 370,37

Giai. ap dung cong thuc (3.29) ta co:

AGhy, =2AGh (SO, ) —2AG3,,SO,

=-2.370,37 + 2. 300,37 = -140 KJ

Vidy 2: Cho phan ung: CaCOsyy — CaOyy + COy

Cho biét: O 298K, AH ;g5 = 178,32 KJ ; AS®564 = 160,59 J/mol.K

1. Phan tng c6 tu dién bién & 25°C khong? Khi ting nhiét d6 AG cia phan tng
s& thay d6i nhu thé nao?

2. Phan tmg c6 ty dién bién ¢ 850°C khong? Coi AS va AH khéng phu thudc
vao nhiét do.
Giai: 1) AG%g5 = AH%gg - T.AS 0

=178.10° - 298.160,59 = 130,460J

AGgs > 0: Phan tng khong tu dién bién ¢ 25°C. Vi AS? > 0 > TAS? > 0 khi
nhi¢t do tang, AG° giam dan, do d6 cang tién téi kha ning tu dién bién.

2)T =273 +850 = 1123K

AG® ;193 = 178,32.10% -1123.160,57]

AG%123< 0, ¢ 850°C phan ung ty dién bién.
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Nhén xét: Tir (3.28) ta thdy nhiét d6 anh huong dén chibu tu din bién cua cac
phan trng hoa hoc.

Chu y: Thé ddng 4p con phu thudc vao ap suat. Dbi voi khi 1i tudng ta c6 biéu thirc:

P
Gy, = Gy, +RTinZ  (330)

2
1
Néu ban dau P;= latm, nghia 1a Gmg voi diéu kién chuan thi Gy, = Giva
(3.30) thanh G; = G% +RTInP (3.31)

Vi dy: Tinh AG ciia qua trinh nén 1 mol khi li tuong tir latm dén 2atm & nhiét
d6 khong dbi 25°C.

Giai: AG =Gr- G5 =RTInP = 8,314.298.In2 = 1717,3J/mol
AG > 0: Qua trinh nén khi khong tu xay ra. Nguoc lai su gian khi tir 2atm xubng 1atm

(c6 AG =-1717,3 J/mol <0 ) tu xay ra.
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CAU HOI VA BAI TAP

1. Tinh AH duwa vao AH cua cac phan @wng khac
3.1. Tinh AH%gg ctia phan ung:
Cgr + H,O —— Hy + COy

Twr cac phan rng sau:

c +1o ,CO AHg6 = 110,50 kJ
ar 2 2(k) K

Hw%om _,H,0,  AH%g=-241,84 k)

DS: 131,34k]
3.2. Tt céc dit kién sau:

C (than chi) + O,(k) — CO,(K) AH%q5 = -393,5kJ
Ho(k) + 1/20,(k) — H,0 (I) AH%g5 = -285,8KkJ

2C,Hg(k) + 70,(k) — 4CO,(k) + 6H,0() AH%qg= -3119,6kJ
Tinh bién thién entanpi tiéu chuan cua phan tng:

2C(than chi) + 3H,(k) — C,Hg(K) AH 5 = ?
3.3. Xac dinh hi€u tng nhiét ctia phan rng:
CHy(k) + Cly(k) —— CH3CI(k) + HCI(k)
Cho biét hiéu tng nhiét ctia cac phan Gmg sau day:
CHy(k) + 20,(k) —— CO,(k) + 2H,0(l), AH; =-212,79cal
CH3CI(k) + 3/205(k) —— CO,(k) + H,O(l) + HCI(k), AH,=-164,0kcal
Hy(k) + 1/20,(k) —— H,0(l), AH; = -68,32kcal
1/2H,(k) + 1/2Cly(k) —— HCI(K), AH, = -22,06kcal
3.4. Hay xéc dinh nang luong lién két C-H trong phan tir CH,, cho biét nhiét thang hoa
ctia graphit bang 170,9kcal/mol, nhiét phan ly cia khi hydro bang 103,26 kcal/mol va
hi€u tng nhié¢t ciia phan ing sau:

C(graphit) + 2Hy(k) —— CHy(k), AH2,,=-17,89kcal
3.5. Tinh nhiét hinh thanh cua etan biét:

Coq + O, — COp AH,,=-3935k]
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H, + (120, > H,0  AHS, =-2858Kk]
2C,Hs + 70, — 4CO, + 6H,0; AHS, =-3119,6 kJ
PS: - 84,6 kJ

2. Bai tip 4p dung cdc cong thirc A =) San phéam - ), Chit tham gia
3.6. Hay so sanh AH%gg cua phan tng khir sit (I11) oxit bang cac chit khir: Hp, C va
CO 6 298°C. (Gia thiét qué trinh khtr 1a hoan toan)
Biét: AH%gg (kd/mol)
Fe,0O3 H,0(k) CO CO,
-822,2 -241,8 -110,5 -393,5
DS: AH Jog (chit khir 12): 96,7KJ 5 AH 2ug (ehit khir ¢ ): 231,95 KJ; AH og (chét khir co): - 268KJ
3.7. Hay giai thich vi sao c6 phan ng tda ra nang lugng, cd phan tng chi xay ra khi
hép thu nang lugng?
Hai phan tng sau day, phan trng nao téa nhi¢t? Phan trng nao thu nhiét?
1. H, + Cl, 1>t 2HCI
2. 2HgO i~ 2Hg + O
Biét ning luong lién két (E) cua cac chat nhu sau:
H, Cl, HCI HgO Hg O,
E(KJ/mol) 435,9 242,4 432 355,7 61,2 498,7
DS: a: téa nhiét; b: thu nhiét

3.8. Tinh khéi lwong cta hdn hop Al va FesO, can phai 14y dé phan tng theo phuong
trinh
3Fes0, +  8Al — 4ALLO; + 9Fe

Toa ra 665,25 kJ biét réng nhiét tao thanh cta Fe;O,4 1a 1117 kJ/mol va cua Al,Oz la
1670 kd/mol.

bS: 182,25¢.
3.9. Chiéc bat lira ga chura butan 16ng (AH0298 = - 127kJ/mol). Xac dinh nhié¢t luong
tda ra khi 1g butan trong bat lira bi ddt chay, gia thiét rang san pham cua sy dot chay la
CO, va H,0.

bS: - 45,7 kJ
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3.10. X4c dinh bién thién entropi cta phan tng duéi day & 298K:
2C + 0O, i°f 2CO

ASy(/molK) 524 2136 193,4
PS: 167,46J/K

3. Bai tap ap dung dinh luat kiec xop
3.11. Dbi véi phan tmg (1/2)N; + (1/2)0, 3>t NO, ¢ 25°C va latm ca AH® = 90,37

kJ. Xé4c dinh nhiét cia phan ung & 558°K biét ring nhiét dung déng ap dbi véi 1 mol
ctia Ny, O,, NO lan luot bing 29,12; 29,36; 29,86 (J/mol.K).

DS:90,53 kJ
3.12. Péi véi phan tmg: 2CO + 0O, — 2CO,. Nhiét dung dang ap clia cac chat
trong khoang tir 298K dén 2000K c6 dang chung C, =a+ bT + CT2 Céc hé sb

a,b,c cila cac chat duoc cho dudi day:

Chat a(cal/mol.K) b.10° c.10”
0, 7,16 1 -0,40
cO 6,79 0,98 -0,11
CO, 10,55 2,16 -2,04
Tinh AH"1500x. Biét AH,ggx ctia phan Gmg 1 — 565,96KJ
PS: - 564,41 kJ

3.13. Tinh ¢ 1773K ctia phan ing;:

CH,

Cr (Mol.K) 35,79 29,36

DS: 787,59 kl

+ 202 —> C02 + 2H20
37,13 33,56

4. Bai tap ap dung cong thirc AG =AH-T. AS

3.14. Cho phan rng sau:

AHY,, =-802,25K]J

NaHCO; — Na,CO; + H,0
A (KT/mol)  _gug -1131 -241,8
ASJ(J / mol.K) 102,1 136 188,7
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1. Tinh AG%egg ctia phan tng, & diéu kién 25°C phan tng trén c6 xay ra khong?
2. Phan tng trén xay ra ¢ diéu kién nhiét d6 nao? Coi AH® va AS® 14 hing sb véi
nhiét do.
DS: a) AG%g: 30,1 kJ; b) T > 388K
3.15. Cho phan tng:
CH, + H,O0p — CO + 3H,
Biét nhiét hinh thanh chudn AH% 05 ctia CHa, H,0 (k) va CO lan luot bang - 74,8;
- 241,8 va—110,5 kJ/mol.
Etropi chuan ciia CHy, H,O¢ va CO lan lugt bang 186,2; 188,7 va 197,6 J/mol.K
Trong tinh toan gia thiét raing AH va AS khong phu thudc nhiét do.
1. Tinh AG%73k va két luan chiéu cta qua trinh tai 373K?
2. Tai nhiét do nao phan trng da cho ty xay ra trong diéu kién chuan?

3.16. Cho qua trinh:

CusOo, — CuO + SO, + 0,
AH g5 (kJ.mol ™) -796,86 -155,20 -296,10 0
S%gac(d.mol™. K™ 113,39 43,50 2485 205
Cr(J.mol™.K™ 100,00 44,78 39,78 29,36

1. Tinh AG%gx va nhan xét chiéu hudéng dién bién cta qua trinh?
2. Néu nang nhiét do cta hé 1én 800°C phan tng c6 xay ra duoc khong?

( Coi AS® va Cp khong déi theo nhiét do).

3.17. Cho phan tng:

HZS + 03 — 803 + Hzo
AH® (k3/mol)  -20,15 -144,2 -395,2 -241,8
S°J/mol.K) 205,64 237,6 256,2 186,7

1. Cho biét phan tng téa nhiét hay thu nhiét?
2. Cho biét chiéu phan tng tai 298K?
3.18. C6 hai so d6 phan ung sau:
Al+Fe, O, — AlL,O, +Fe ()

Fe+ALO, > Fe,0,+Al ()
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Phan rng nao dién ra dugc? Biét:

Al F6203 A|203 Fe
AH(2)98(KJ/mOD - 82,2 - 1669,79
ASu(J/molK) 576 gg 50,99 27,15

DS: Chi xay ra phan ng (a).
3.19. Phan ung khr sat oxit bang than coc 1a phan ing thu nhiét manh:
Fe,O

30 T 3C gy > 4Fe, +3C0, (0 \HO = 648K]

Tinh nhiét d6 tdi thiéu dé phan tng c6 thé xay ra.
bS: T > 835,1K.
3.20. Néu gia thiét don gian: bién thién entanpi va entropi phan tng it bién doi theo

nhiét do, thi tai nhiét 46 nao hai dang thu hinh can bang nhau?

S(thoi) S(don ta)
AH_ (kJ/mol) 0 0,3
so.(J.mol™.K™) 31,9 32,6
3.21. Ttr cac dir kién sau:
0,(K) Cly(K) HCI(K) H,O(K)
S%4s(J/mol.K) 205,03 222.9 186,7 188,7
A H%g5(kJ/mol) 0 0 -92,31 -241,83

1. Tinh AGS,, cta phan (rng sau
4HCI(K) + Oy(k) f 2Cly(k) + 2H,0(k)
2. Tinh hing s6 cin bang cua phan tGng trén & 298K
3. Tinh hing s cin bang clia phan tng trén & 698K biét AH va A S khong phu
thudc vao nhiét do.
3.22. Cho céc s liéu sau:
Chat CO,(k) H,0(Kk) CcO(k)
AGyy, (kcal/mol) -93,4 -54,63 -32,78

1. Tinh AGY, cta phan tmg H,(k) +COy(k) f CO(k) +H,0(K)
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2. Néu ¢ 25°C 4p suit riéng phan cua H,, CO,, H,0 va CO twong tmg bang 10; 20;
0,02 va 0,01 atm thi AG cua phan tng bang bao nhiéu? Trong diéu kién nay phan
{mg x4y ra theo chiéu nao?

3.23. Cho cac dir kién sau:

CaCOs() CaOo(r) COy(k)
S%gg (I/mol.K) 92,9 38,1 213,7
AHq5 (kJ/mol) -1206,9 -635,1 -393,5

1. Tinh AGY, cua phan mg phan huy CaCO;.Cho biét & 25°C phan tng phan huy
CaCOg; c6 xay ra khong?

2. Tim diéu kién cta nhiét do dé phan tng phan huy CaCO4 xay ra, biét ring AH’ va
AS? khong phu thudc vao nhiét do.
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CHUONG 4. TOC PQ PHAN UNG VA CAN BANG HOA HQC

4.1. Toc d phan rng héa hoc
4.1.1. Khai niém phan ing dong thé va dij thé

- Phan g dong thé 1a phan tng héa hoc dién ra trong hé mot pha. N6 thuong
xay ra giita cac chat khi, giita cac chat 1ong hoan toan tron 14n véi nhau, cic phan tng
xay ra trong dung dich.

- Phan iing dj thé 1a phan ing hoa hoc dién ra trén ranh gidi phan cach pha

Vi du: phan g 2S04 + Oy ——> 2SO0z

Néu dung xuc tac 1a khi NO thi phan tng 13 dong thé. Néu dung xuc tac ran
V,0s thi phan tng 1a di thé.

Ciing c6 nhitng phan tng xay ra nhiéu giai doan: giai doan nay 1a dong thé, giai
doan kia 13 di thé. D6 1a nhitng phan tng dong- di thé.

4.1.2. Téc @9 phan ing

Céc phan tmg hoa hoc dién ra voi thoi gian rat khac nhau. Dé dic trung cho kha
ning dién ra nhanh hay cham cila phan (mg hoa hoc nguoi ta ding khai niém téc do
phéan rng hoa hoc.

DPdi véi cac phan ng déng thé, t6c dé cia mot phan ung hod hoc duoc xdc
dinh bcing dé bién thién né‘ng do cua mot trong cdc chat tham gia hodc chdt tao thanh
trong mot don vi thoi gian.

Nong d6 dugc tinh bang mol/l va thoi gian dugc tinh bang gidy (s), phut (ph),
gio (h).

Tbc @6 co thé tinh trung binh hodc turc thoi tai mdt thoi diém nao do cua phan
ung.

Xétphaning: A —— B

Néu & thoi diém t;, ndng do chat A 1a C; mol/l. O thoi diém t,, ndng d6 chat A
con C, mol/l, khi d6 téc d6 trung binh ciia phan tmg trong khoang thoi

gian t;dén t, sé la:

C,-C,  G-C _ AC
t, —t, t, —t, At

(4.1)

V=
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Néu tinh tc d6 phan tng theo san phim B:

- C,-C, AC
V:—:+_

4.2

t,—t, At (4.2)
Téc d6 tire thoi ctia phan tmg dugc xac dinh:

dC

=t— 4.3

Vet (4.3)
Dbi voi phan ing : aA +bB — ¢C + dD

=_1dCA__1dCB_1dCC_1dCD (4.4)

adt bdt cd ddt

Nhuw vdy, toc dé phan g ngodi sy phu thuéc vao ban chdt chdt tham gia, con
phu thudc vao nong dd, nhiét do, chdt xiic tic va bdan chat dung méi (néu phdn ing
xay ra trong dung dich), v = f(ban chat, ndng do, nhiét do, xuc tac, dung méi...).

Néu phan tng xay ra trong hé di thé thi tdc d6 phan Gng phu thudc vao sy bién
thién luong chét ran trong mot don vi thoi gian trén mdt don vi dién tich bé miit.

4.1.3. Céc yéu t6 anh hwéng dén toc d phan vng
a. Anh hwéng ciia nong dp dén téc dp phén ting

Xuat phat tir quan diém cho rang mubn c6 phan tng xay ra thi cac phan tir hay
nguyén tir phan ing phai va cham vao nhau, vi vay néu sé va cham cang 16n thi tdc do
phan ing cang 16n ma s6 va cham lai phu thudc vao néng do.

Vao nhirng nam 1864 -1867, hai nha bac hoc Guynbec va Oago (Nauy) da néu
ra dinh luat tac dung khéi luong cé ndi dung nhu sau: "¢ mét nhiét do khéng doi, toc
dé phan vmg ti 1é thudn véi tich s6 nong dé cdc chdt tham gia phan vmg véi nhitng lily
thira xac dinh".

Xét phan ing dong thé mot giai doan :
aA+bB — sinpham

Theo dinh luét ta c6: v=k.C"o.C"g (4.5)

Trong do:

Ca, Cg: 12 ndng do chat A, B (mol/l)

n, m : 13 bac riéng phan cta chit A va chat B, né c6 thé 1a duong, 4m, nguyén
hodc phan sb va dugc xé4c dinh béng thuc nghiém.

n +m: 1 bac toan phan ctia phan tng goi tit 13 bac phan tmg. Trong truong hop

phan tmg don gian n, m tring v6i hé s6 a, b trong phan tng n =a; m = b.
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k: 1a hiang sb téc d6 phan tng, dic trung cho timg phan Gng va chi phu thudc
vao nhiét do.
Vidu: 2NO + 0O, — 2NO,
vV =k.C*0.Con
Phan g trong hé di thé
Dbi v6i cac phan tmg trong hé dj thé, tdc d6 phan tmg khong chi phu thudc vao
ndéng do chat phan tng ma con phu thudc vao dién tich tiép xtc gifta cac chat phan
ung.
Bic phan tng, phan tir s6 phan tng
Bac phan tng 1a tong cac s6 mil (n + m)
Néu: n + m = 1 phan ung béc 1
Néu: n + m = 2 phan tng béc 2
Néu: n + m = 3 phan tng béc 3
Bic phan tmg c6 thé 13 s6 nguyén nhung ciing c6 thé 1a phan s (thuong d6i voi
cac phan ung phuc tap).
Bac phan tng n6i 1én mirc do phu thudc cua tdc dd vao néng dd céac chat.
Phan tir s6 cua phan tng:
Su phan loai phan mg theo phan tir s6 lién quan truc tiép v6i co ché cta phan
(mg. Phén it 56 la so tiéu phdn (phdn tir, nguyén tir, ion) dong thoi twong téc véi nhau
trong mét phan g don gian. Vi vay phan tir s6 chi ¢ thé 1a s6 nguyén.
Vi dy: v6i phan ing A — B chi c6 mdt phan tor tham gia vao tuong tac vi
vy phan tir s 1a 1
v6i phantmg A + B — C dé tao thanh san pham hai phan tir dong thoi tham
gia vao mot twong tac vi vay phan tir s6 1a 2
Nhitng phan Gng c6 phan tir s6 bang 3 hodc cao hon thuong it gip vi xac suét
dé 3 phan tir phan ung véi nhau rat nho.
Chu y: Trong nhitng phan ing don gian thi bac phan rng thuong tring véi phan
tir s6.
N6i chung, cic phan tmg xay ra phirc tap qua nhiéu giai doan trung gian. Moi
giai doan trung gian dugc goi la mdt giai doan co ban. Tbc d6 cua giai doan co ban

nao xay ra cham nhat quyét dinh toc do cua ca qua trinh.
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Vi du: C6 phan tng: H,O, +2HI — 2H,0 +1, (1)

Phan g goém 2 giai doan co ban:

H,0, + HI — 2HIO + H,0 (2) tbc do cham

HIO + HI > 1, + H,0 (3) tdc d6 nhanh

Téc d6 cua phan tng (1) duoc quyét dinh bai phan tng (2).

Bac riéng phan ctia H,O va HI déu 13 1 nén bac phan tGng 1a 2 . Cac phan ng
(2) va (3) & trén c6 phan tir s6 1a 2. Phan tir s6 cua giai doan (2) cham xéac dinh bac
toan phan cta phan tng (1).

b. Anh hwong ciia nhiét dp dén téc dp phan veng. Ning lwong hoat hod
Quy tic Van Hop (Vant’ Hoff)

Khi tién hanh thyc nghiém & khoang nhiét do khong cao nha bac hoc Van Hop
nhan thiy rang: Ct ting nhiét do cua phan tng thém 10°C hay 10K thi tdc d6 phan
ing tang 1én khoang 2 dén 4 1an, hé s6 ting d6 ki hiéu 1a hé s6 nhiét do y.

T-T
Vi = Vg 10 (4.6)

Vr,, V1, Toc d0 phan (g & nhiét do T, Ty

Y - Hé s nhiét do hay hé s6 Van Hop

Quy tic nay khong ap dung cho phan tng di thé.

Phuong trinh Areliuyt (Arrhenius)

Niam 1889 nha bac hoc Areliuyt dya trén két qua thuc nghiém da dua ra phuong

trinh 1ién h¢ gitra héng s6 tdc d6 va nhiét do theo mot biéu thire chit ché hon.
Ea
K=A.e RT (4.7)

Trong do6:

A: Hing s, dic trung cho tong phan tng;

E.: Ning lugng hoat hod, cé gi tri riéng cho mdi phan tng va thuong duoc coi
1a khong phu thude vao nhiét do;

R: Hang s6 khi 1i tuong, R=8,314 J/mol hoic 1,98cal/mol;

T : nhiét 3o Kanvil.
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Ning luong hoat hod E, cua phan tmg 1 ning luong t6i thiéu (hay con goi 1a
hang rao ning lwong) ma cic chit phan tmg can phai vuot qua dé tao thanh cac san
phém. Khéi niém vé nang luong hoat hoa dugc mo ta trén hinh 4.1

Gid su phan tng la: A+B—>C+D

A

v

Hinh 4.1. Dién bién nang lugng cta hé phan tng

Gia st cac chit phan tng c6 muc ning luong E,, cac chat san phim c6 ning

lugng E,;. Hi¢u gitra hai mac nang lugng chinh 1a hi¢u trng nhiét ctia phan ng.
AH =E,, - E,

Khi E,, < E, thi phan tng téa nhiét. Mirc T 13 ning luong t6i thiéu ma cic phan
tur phai dat duogc dé co nhirng va cham hi¢u qua.

Hiéu cua mirc T v&i mirc I biéu thi nang luong hoat hoa ctia phan tng thuan,
con hiéu gitta muac T vo1 mue 11 1a ndng luwong hoat héa cua phan tng nghich. E, = E+ -
E, vaE, =Er-Ey

Nhu vy, mubn chuyén tir trang thai dau sang trang thai cudi, hé phai vuot qua
mot hang rao nang lugng.

Vi du nang lugng hoat hoa cia mdt ) phan ng:

CHsCOOC,Hs + OH" —™2 5 CH,COO + C,HsOH E, = 46,8kJ/mol

250, + O, —— 2S0O; E,=251kJ/mol
c. Anh hwéng ciia chit xic tic dén toc dp phén trng
e Khai niém vé xic tic
Chat xuc tac 1a chat 1am thay d6i téc do phan tng va sau phan tng ban chat

hoa hoc ciing nhu khi lugng ctia né khong thay doi.
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Néu chét xuc tac 1am ting tdc do phan tmg 1a xtc tac duong, chit xuc tic 1am
giam tdc do phan Gmg thuong goi 1a chét xtc tac 4m hay cht e ché (chat kim ham).

Chat xuc tac duoc phan chia thanh ba loai: Chét xtc tac déng thé, xuc tac di
thé va xtic tic men.

Xiic tdc dong thé : 1a nhitng chat xtc tac c6 cung pha véi cac chat phan tng va
san pham.

Vi du: Su oxi hoa CO thanh CO; khi c6 mat mdt lugng nhé hoi nudce thi phan
ung tang nhanh.

Xiic tac di thé: 1a nhiig chat xdc tic tao nén mot pha riéng, khong cung pha véi
chét phan mg va san pham (thudng 1a pha ran).

Vi du: Phan tng hidro hod mot s6 olefin co str dung bot Ni hodc Pt lam xuc tac.

XUc tac men: Men hay con goi 1 enzim 13 chét xtc tac sinh hoc thudng xay ra
trong co thé sinh vat.

Xuc tdc men c6 nhirng tinh chit déc ddo: Tinh chon loc cao, hiéu qua rat cao,
thuong dién ra ¢ diéu kién nhiét d6 va ap suat binh thuong.

Do nhiing ddc diém quy bau trén nén xic tic men duogc s dung trong qua trinh
san xuat s& thu dugc hiéu qua kinh té rat to 16n

Ngoai ra c6 nhitng phan ing ty xuc tac: vi trong qua trinh phan ung ty tao ra
chét xuc tac cho phan mg.

Vi du phan tng:

2KMnQO, + 5H,C,0, + 3H,S04 — 2MnS0O, + K,SO,4 + 10CO, +8H,0
1a phan tng tu xtc tac, vi ion Mn** duogc tao thanh s€ xuc tac cho phan ung.

e Pic diém ciia chit xic tac:

Tinh chon loc cao: Mdi chat xuc tac lai ¢6 kha nang lam tang tbc do phan ung
cho mot nhém phan tng xac dinh va mdi phan tmg déu duogc xtc tac bang chit xdc tac
riéng biét.

Vi du: Ruou etylic v6i nhung xuc tic khac nhau cho nhiing chét khac nhau:

Dung Cu ¢ 250°C thu dwgc andehit

Dung Al,O3 & 350°C thu duoc etilen

Dung Zn/Al,O5 ¢ 400 - 450°C thu duoc buta-1,3-dien
Dung H,SO, dic & 140°C thu duoc dimetyl ete
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Chét xtic tac chi ¢ tic dung véi nhitng phan tng c6 kha ning tu dién bién,
nghia 14 phan Gng c6 AG < 0. Di voi nhitng phan tmg c6 AG > 0 xUc tac khdng c6 tac
dung vi xuc tac khong 1am thay doi ban chit cta phan Gmg.

Dbi voi phan mg thuan nghich, chét xtc tac 1am ting toc dd phan tng thuan va
phan tng nghich 12 nhu nhau. Néi cdch khdc, chdt xiic tic khéng lam thay doi chuyén
dich cdn bang phdn g ma chi lam cho phan iing nhanh chéng dat t6i trang théi cdn
bdng.

e Vai tro ciia chit xic tac

Chét xtc tac 1a chat lam ting téc do phan Gmg hoa hoc bang cach tham gia vao
phan tng, tao ra san phiam trung gian va hudng phan tng di theo con dudng Gng véi
nang luong hoat hoa thap.

Vi du: Phan tng thuy phan CH;3Br trong nudc c6 xtc tac I'. Tac dung cua xuc
tac I” nhu sau: Trude hét I' tac dung v6i CH3Br vi I 1a chat i nhan t6t hon Br.

I” + CH;Br — CHsl +Br
Tiép d6 1a su thuy phan CHsl cho CH;OH va tai tao I'.
CH;l + 2H,0 — CH30H + H;O" + I’
Téc d6 thuy phan cia CH;OH gip d6i toc do thuy phan cua CH5Br
Nang

lvong |

' ‘ ' \

CH,OH

Toa do phan ung
Hinh 4. 2. Gian d0 ning lugng phan Gng thuy phan CH;Br
Trén hinh 4.2 ¢6 trinh bay gian d6 ning luong clia phan ung thuy phan metyl
bromua c6 xuc tac 1a ion iodua (duong — ) va khong cé xuc tac (duong.....). Cac nang

lugng hoat hod E’; va E”, déu nhoé hon so véi E,
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4.1.4. Phan loai phan trng hoa hoc

Trong dong hoc phan trng hoa hoc ngudi ta phan loai cac phan trng theo phan tir
s6 va theo bac cua phan tng.
a. Phan rng thudn nghich

Phan g thuan nghich 14 phan (mg xay ra theo ca hai chiéu trong cung diéu
kién phan tng.

aA + bB "t c¢C + dD

b. Phadn wng song song

La phan (mg cung xay ra theo nhiéu huéng

E+F
A
G +H
Vi du:
KCI + 0O, C,H; + H,O
KCIO; va C,HsOH
KCI + KCIO, CH3CHO + H,

c. Phan wng noi tiép
La phan ing ma san pham cua phan Uing nay tr¢

thanh chat phan tng ctia phan tng tiép theo.

Vi du:
CH, -COOC,H. + H,0 CH,-COOC,H, +H,0 CH,-COOH
H,-COOC,H, g H,-COOH g H,-COOH

Su phén ra phong xa: %Te — lg’%l — 12}{)(6 + _(iB
d. Phén teng diy chuyén
La mot trudng hop cua phan tmg ndi tiép.
Vi du: Phan tng thé Clo vao ankan
Cl, - 2CI°
2CI°* + CH; — CH3* + HCI
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CH;" + ClI, —» CHiCl +cCI°
e. Phan ung lién hop
La phan tng chi xay ra khi ¢ mat phan rng khac cung xay ra véi no.
Vidu: 6HI + 2H,CrO, — 3l, + Cr,03 +5H,0
chi xay ra dong thoi khi 6 phan tng:
6FeO + 2H,CrO, — 3Fe,0O; + Cr,03 + 2H,0
f- Phdn urng quang hod
La phan trng xay ra dudi tac dung cua anh sdng. Nguoi ta chia phan ing quang
hoa lam hai nhom:
Nhitng phan tmg xay ra trong diéu kién da cho c6 kha ning ty dién bién
(AG<0).Vidu:H, + Cl, — 2HCI
Trong phan tng nay anh sang giir vai tro kich thich phan tng, gop phan lam
thang dugc nang lugng hoat hoa cia no.
Nhitng phan Gng ma trong diéu kién da cho khong c6 kha niang dién bién
(AG > 0) ma viéc thuc hién chiing doi hoi cung cp ning lugng tir bén ngoai. Vi du:
Phan tng quang hop cua cay xanh, phan ung phan huy cia AgBr bi phan huy boi biic
xa do.
4.1.5. Co ché phan rng
Theo rat nhiéu thuc nghiém cho thiy rang da sé cac phan tng khong bién doi
truc tiép tir cac chat dau thanh san pham ma thuong phai xay ra theo nhiéu giai doan.
Vi du: Phan ung CH,=CH, + HBr — CH3;CH,Br

Phan g nay gom hai giai doan:
(+)
CH,=CH, +H® — CH, CH, (giai doan cham)

CH3((+3) H, + BrY? — CH,CH,Br (giai doan nhanh)
Tap hop cac giai doan ma phan Gng héa hoc phai trai qua goi ld co' ché phdn
ung.
Co ché phan ung thuong phirc tap va da dang. Nghién ctru co ché phan tGng s&
biét dugc ban chat ciia nd va giai doan nao 1a giai doan khéng ché qua trinh phan
rmg(giai doan c6 toc d6 bé nhat), tir d6 ting téc dd phan Gmg chi bang cach ting toc do

cua giai doan khong ché.
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Vi du vé co ché phan tng theo Ii thuyét trang thdi chuyén tiép.

Phan g thuy phan CHsl trong dung dich kiém di qua trang thai nhu sau:
H

e H H
HO® + //' 5 ‘ 5- /
H /CI —— HO™ - | > HO
: /7

Cine-H +|(-)
H ,H H
Trang thai chuyén tiép
O trang thai chuyén tiép (hay con goi 1a phuc hoat dong) lién két HO...C dang hinh
thanh, lién két C...I dang dut ra.

4.2. Can bang ho4 hoc

4.2.1. Mt s6 khai niém

a. Phén trng mét chiéu va phdn irng thudn nghich

Céc phan tng hoa hoc c¢6 thé phan chia thanh hai loai:

Phan trmg mét chiéu (hay khong thuan nghich) 1a nhitng phan tmg chi dién ra

theo mot chiéu nhat dinh, c6 nghia 1a néu ctr thuc hién phan ung thi dén mot luc nao
d6 phan tng sé& xay ra hoan toan va hiéu suat dat 100%.
Vi du:

2C2H6 + 702 —> 4C02 + 6H20
2KCIO; —» 2KCI

+ 30,
Phdn trng thudn nghich 1a nhitg phan Gtng ma trong nhitng diéu kién di cho co
thé xay ra dong thoi theo hai chidu nguoc nhau, nghia 1 cac chat dau phan tng véi

nhau dé tao thanh san pham, dong thoi cac san pham ciing phan mg véi nhau dé tao
thanh cac chat dau. Phan tmg khong bao gid dat hiéu suat 100%.

Vi du: Nghién ciru phan g giita iot va hidro nguoi ta thay rang:

lau (Theo phwong trinh phdi la 2 mol).

- Néu trén 1 mol hidro va 1 mol iot rdi dun néng dén 445°C cho phan tng xay
ra, ngudi ta nhan thiy rang HI duoc tao ra tdi da 1a 1,6 mol du thoi gian kéo dai bao
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- Néu dun néng 2 mol HI ¢ cung diéu kién, ngudi ta nhan thiy rang chi 20% HI
bi phan huy thanh hidro va iot, nghia la san phém thu dugc chtra 1,6mol HI, 0,2 mol
H, va 0,2 mol I,.

Nhu thé, trong ca hai truong hop du xudt phat tir 1 mol hidro va 1 mol iot hay
tor 2 mol HI, ¢ cung diéu kién phan ung, cudi cung trong h¢ déu c6 1,6 mol HI; 0,2 mol
H, va 0,2 mol I,. C6 nghia 1 ti 1& cac chét trong phwong trinh 1a khéng déi, nguoi ta

goi trang thai nhu thé 13 cdn bang héa hoc.

%HI | |
I’O \k
Uil ciiimimm s e v e e i
Hp+ I, = ZHI
aq

7 hdfgjn
Hinh 4.3. Su bién thién HI theo thoi gian
b. Diic diém ciia phan teng thudn nghich

O cung diéu kién phan tng (nhiét do, ap suat) phan tng co thé xay ra theo
c4 hai chiéu thuan va chiéu nghich.

Du xuat phat tir chat dau hay tir san pham, cudi ciing ngudi ta thu dugc
cung mot két qua: Ti 18 s6 mol cac chét 1 ¢b dinh (nhu phan tng trén 1a 10%H,, 10%
l,, 80% HI)

Néu diéu kién phan tng khong thay ddi thi du kéo dai phan tmg dén bao
lau, trang thai cudi cung cua hé van giit nguyén. Nguoi ta ndi phan ung da dat dén
trang thai cdan bang hod hoc.

4.2.2. Céan bing hoa hoc
a. Khdi niém vé cin bing hod hoc
Cdn bang hod hoc 1 trang thdi ciia mét hé phan vmg, khi d6 téc do phdn iing
thudn bang toc do phan g nghich (Vi = V).
Chu y: Can bang hod hoc 14 cdn bang déng, c6 nghia 1 phan tmg khong ding lai

ma luén xady ra, nhung vdi nhip do 1a trong mdt don vi thoi gian néu ¢6 bao nhiéu mol
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chat san phim duogc tao thanh thi cling c6 biy nhiéu mol chat san phim phan tGng dé tai
tao lai chit tham gia.
D6 chuyén hod a dic trung cho mirc do tién trién cia phan tng

o~ _ somol chit da chuyén hod
n, s6 mol chét ban dau

(4.8)

Vi 14 phan tng khong hoan toan nén a < 1, a c6 thé 1a s6 thap phan hay phan
tram.
Tuy theo ban chét ciia quéa trinh ma do chuyén hoa o c6 thé co nhiing tén goi
khac nhau:
- Qua trinh phan huy la d¢ phan huy.
- Qua trinh dién li 1a ¢ dién li
- Qué trinh thuy phan la d6 thuy phan.
b. Hang so can bing. Dinh ludt tic dung khéi lwong
Xét phan tmg: aA +bB >t c¢C + dD
Goi noéng do cac chat A, B, C, D khi can bang 1a [A], [B], [C], [D] va hang sb

tbc d6 phan tng thuan, nghich 1a kt, ky ta co:
Téc do phan tng thuan 1a V4 =k, [A]al [B]b
Tdc d phan tmg nghich 1a Vy =k [C]C [D]d
Khi phan tmg dat dén trang thai can bang: V1= Vy, nghia 1a:
k, [AT[B] =ky[C ][]
c]'[p]’
=> k_T - % =K.
kv [A][B]

kT, Ky 12 hang so nén K cling la hang so0. K¢ goi 1a hang so can bang nong do,

(4.9)

dac trung cho tung phan ing va phu thudc vao nhiét do.

(4.9) 1a biéu thic toan hoc cta dinh lut tic dung khéi lwong ap dung cho trang
thai can bang cua hé:

Khi mdt phan g dong thé dat dén trang thdi can bang thi tich nong dé (hay
dp sudt riéng phdn) cia cdc san pham véi sé6 mii thich hop chia cho néng dé cua céc

chat phan g véi s6 mil thich hop luén luén la hang sé & nhiét @6 khéng doi.
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Neéu phan wng xdy ra giira cac chat khi thi ta ¢6 hang so6 can bang ap suat

(Kp) duoc tinh theo biéu thic:

p<, pd

Kp = C D (4.10)
pa pb
A'B

P,, P;, P., P, 1a ap suét riéng phan cta cac khi A, B, C, D trong hdn hop
phan Ung tai thoi diém can béng. Kp chi phu thudc vao nhiét do.
Néu trong mot hé phan vmg cé ca chdt khi, chat ran thi trong biéu thirc tinh K
va Kp chi ¢6 chat khi,
Vi dy 1: D6i véi phan tng: FeO(r) + CO(k) $*f  Fe(r) + COy(K)
i _[€O,]

Hing s6 can bang Kp duoc viét nhu sau: K, = PCOZ ; Ko = (O]
CcO

Vidu2: O 410°C hﬁng s6 toc do phan tng thuan 1a 0,0659 va héng s6 toc do
phan tGng nghich 14 0,0017. Lac dau ngudi ta tron 1 mol H, véi 1 mol I, trong binh

dung tich 1 lit. Khi dat dén can bang & 410°C, ndng d6 cac chit s& 1a bao nhiéu?

Giai: H, + I, it 2HI
Nong d6 ban dau (mol/1): 1 1 0
Nong d6 luc can bang: 1 —% 1 —% X
Hang s6 can bang: K.= 0,0659 _ 48
0,0017
) . NG
Ap dung dinh luét tac dung khoi luong ta co: =48

X X
a-2)a-3)

Giai phuong trinh ta dwoc: [HI] = 1,552mol/I
[H]=1[l.]=1-0,776 =0,224 mol/l
Quan hé hing s6 cin bang K¢ va Kp,
Quan hé hing sb can bang K¢ va Kp duoc thé hién ¢ biéu thirc sau:
K, =K. (RT)" (4.11)
R: hé'mg s6 chat khi, R= 0,082 lit.atm/mol.K;
T: nhiét d6 tuyét ddi (K) ;
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An: tong s6 mol phan tir khi (hodc hoi)ctia cac san pham phan tmg trir di téng sb
phan tir khi cia cac chat phan tng trong phuong trinh phan ung.

Néu An =0 thi Kp = K¢
Quan hé giira hing s6 can bing va thé ding 4p - dang nhiét

Nghién ctru quan hé giira hing sb cin bang va thé dang ap ngudi ta thu dugc
két qua sau:

Truong hop cac chat A, B, C va D déu 1a chat khi:

AG} =-RTIn Kp (4.12)

Nhu thé, hing s6 can bang phu thudc vao ban chit phan Gmg va nhiét do.

Truong hop cac chat A, B, C, D déu 1a cac chit tan trong dung dich lodng thi:
0
AG; =-RTIn K¢ (4.13)

Vi du: Tinh hing s6 can bing cta phan tmg & 25°C:
CH3;COOH + C;HsOH 3>t  CH3;COOC,Hs + H,0

Biét phan tng c6: AHY,, =-3,828KJ /mol; AS),, =8,7J /mol.K
Gidi: Ta c6: AG’ =AH’ -TAS’ =-RTInK,

AG%%q5 = - 3828 — (298. 8,7) = - 6420,6 J

k= AGY _ 64206
CTRT 8414.298
=> K = 13,35

4.2.3. Nhirng yéu t6 anh hwéng dén can bang héa hoc. Nguyén li Lechatelier
a. Sw chuyén doi can bang hod hoc

Trang thai can bang ctia mdt phan mg hoa hoc dugc giit vitng mii mai néu
khong thay d6i tac dong bén ngoai (ndng do, nhiét do, ap suit). Néu thay doi cac diéu
kién bén ngoai can bang sé& bi pha v&, khi d6 s& dan ti su chuyén dich dé thiét 1ap mot
trang thai can bang mai.

Vidu: Xétphantng:H, + 1, $>f  2HI
& trang thai can bang tdc d6 phan ung thuan 1a: v = ky [H,] [12].

Néu ting néng d6 H, 1én hai 1an téc do phan Gng thuan ting 1én hai lan. Ta noi

rang can bang da chuyén dich theo chiéu thuan.
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Néu khong ting ndng d6 ciia H, ma ting ndng d6 cta HI 1én 2 1an, toc d6 phan

g nghich tang 1én 4 lan (V;\I = kN-(2CH1)2 ), nghia 14 can bang chuyén dich theo chiéu
nghich.

Néu thay doi ap suét, nhiét do su chuyén dich can béng cling xay ra.

Qud trinh bién doi nong do cdc chat trong hon hop phdan ing tir trang théi
can bang ndy dén trang thdi can bang khdc do sw thay doi diéu kién bén ngodi goi la
sy chuyén dich can bcing hoa hoc.

b. Nguyén li Lechatelier

Mot hé dang o trang thai can bcing néu chiu mét téc dong bén ngoai nhw su
thay déi nong dd, nhiét @, dp sudt thi cdn bang sé chuyén dich vé phia lam gidm tdc
dung bén ngoai do.

Nguyén ly Lechatelier c6 y nghia rat 16n dbi véi hod hoc. N6 cho phép tim
duge cac diéu kién tdi vu cho mot phan mg hoa hoc trong cong nghiép, tir d6 tan
dung dugc t6i da nguyén lidu va st dung cac bién phap ki thuat nham nang cao hiéu
sudt ctia phan tng.

Nguyén ly Lechatelier con c6 thé ap dung cho nhiing qua trinh can bang khéc
khong lién quan v&i nhitng bién d6i hoa hoc nhu qua trinh néng chay, soi, két tinh, hoa
tan.

c. Cdc yéu to anh hwéng dén sw chuyén dich cin bing
e Anh huong ctia ndong do

Gia sir c6 phan ung: aA +bB i*f c¢C +dD

Thé dang ap ctia phan g dugc tinh nhu sau:
c..cd

AG = AG® +RTInK = AG® + RT.In Zc=0
Ci.co

(4.14)

Luc can bing AG =0

Néu ting nong d6 chat phan tng A, B biéu thirc sau dau logarit (In) s& giam,
AG tré 1én am, hé khong con ¢ trang thai can bang nita. Phan tGng theo chiéu tir trai
sang phai tiép tuc xay ra cho dén khi AG=0. Sy ting ndng do ciia cac chat C va D s&

gay ra két qua nguoc lai.
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Vi du: Khi trén 1 mol C,HsOH véi 1 mol CHsCOOH va dé cho phan tmg xay
ra & nhiét 46 thudng, liic cin bang c6 2/3 mol este.
a) Tinh hang sb can bang cua phan Gmg hoa este.
b) Néu nguoi ta trén 3 mol C,HsOH véi 1mol CH3COOH s€ thu dugc bao
nhiéu mol este. Cho réng thé tich va nhiét do khong doi.
Giai: Xét trong 1 lit dung dich. Phuong trinh phan ing este hoa:
CH3COOH + C,HsOH 1>t CH3;COOC;Hs + H,0

Nong d6 ban dau (mol/1) 1 1 0 0
Nong do khi can bang 1/3 1/3 2/3 2/3

22
[CH,COOC,H,|[H,0] 33 A
=33 =

Goi V la thé tich ctia hé: K = [C,H,0H][CH,COOH]
2775 3

33
Goi x 14 s6 mol este tao thanh khi can béng méi thiét 1ap:

CH3COOH + C,HsOH 3>t CH3;COOC,Hs + H,0

Nong do ban dau (mol/1) 3 1 0 0
Nong do khi can bang( mol/l) (3-X) (1-x) X X
, X.X
Tacd), K= ———_=4
(3-x)(1-x)

Giai phuong trinh bac 2 ta dugc x,= 0,9 (nhan) ; x, = 4,4 (loai).

Nong d6 este thu duoc bang 0,9 > 2/3 ching to khi ting nong d6 CH;COOH
hiéu suit phan tng ting, co nghia la cAn bang chuyén dich theo chiéu thuén (chiéu lam
gidm nong dé ciia CH;COOH).

Tong quat: Khi ting nong d cia cdc chat phan vmg can bang chuyén dich
tur trai sang phdi va nguoc lai.
Khi tang nong dé cia cdc chat san pham cdn bang sé chuyén dich tir phdi
sang trai va nguoc lai.
e Anh huéng ctia nhiét do dén can bang
Tu (I11.26) va (IV.5) ta co:
AG’ =AH’ -TAS" =RTInK (4.15)
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a8’
RT R

InK, =- (4.16)

Néu coi AH® va AS° 12 khong phu thudc vao nhiét do, tir (4.16) ta thay:

- Néu AH">0 (phan tng thu nhiét): Khi nhiét d6 ting Kp s& ting, nghia 1a can
bang chuyén dich theo chiéu thudn (chiéu thu nhiét). Khi nhiét do giam Kp s& giam,
nghia 12 can bang chuyén dich theo chiéu nghic (Chiéu téa nhiét).

- Néu AH’< 0 (phan trng toa nhiét): Khi nhiét do ting Kp s& giam, nghia 13 can
bang chuyén dich theo chiéu nghic (chiéu thu nhiét). Khi nhiét d6 gam Kp s€ tang,
nghia 14 cin bang chuyén dich theo chiéu thuan (chiéu téa nhiét).

Tong quat: Su ting nhiét dé lam cho can bang chuyén dich theo chiéu thu
nhiét. Sy giam nhiét do lam cho cdn bcing chuyén dich theo chiéu tod nhiét.

e Anh hudng cua ap suat dén can bang hoa hoc

T (IV.11) ta co: K =K P (4.17)

Kopn: Hang sb can bang ctia phan tng khi thay nong do mol/l bang nong d6 phan
mol (Cpp);

An: Su bién d6i s6 mol khi (An=n_ —n_ )

- Néu An > 0: Khi ting ap suét ctia hé thi Koh gidm, nghia la can bang chuyén
dich theo chiéu nghich (chiéu lam giam s6 mol khi). Khi giam &p suat cia h¢ thi Ky
tang, nghia 1a cAn bang chuyén dich theo chiéu thuan (chiéu lam tang s6 mol khi).

- Néu An < 0: Khi tdng ap sut cta hé thi Kopn S€ giam, nghia la can bang chuyén
dich theo chiéu nghich (chiéu lam gidm s6 mol khi). Khi giam ap suét thi K,y s& ting,
nghia 14 c4n bang chuyén dich theo chiéu thuan (chiéu lam ting sé mol khi).

Tong quat: Khi tang dp sudt cdn bang chuyén dich vé phia giam sé mol khi va
nguoc lai.

e Ung dung cua hién tuong chuyén dich cin bang hod hoc

Hién tuong chuyén dich cin bing hoa hoc dugc tmg dung rong rii trong

cac qua trinh cong nghé hoa hoc.

Vi du: Qua trinh tong hop NH; thuc hién theo phan Gmg

Na(k) +3Hp(k) %™>F 2NH3(k) AH =- 46,2 kJ/mol

Dé tang hiéu suat phan ing nguoi ta thuc hién cac bién phap ki thuat:
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- Ap suét cao: Khoang 2000 atm;

- Nhiét do: Khoang 400°C, theo nguyén 1y Lechatelier thi thuc hién phan ing
& nhiét d6 cang thip cang tot nhung néu thip hon nita toc do cua qua trinh s& qua bé,
rat lau phan tng méi dat duoc cin bang;

- Xtc tac: BOt sit.
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CAU HOI VA BAI TAP

1: Anh hwéng ciia nong d dén téc do
4.1. Cé6phantung: 2A + B —» C
1. Viét phuong trinh dong hoc cia phan tng
2. Xac dinh xem tdc do phan tng ting hay giam bao nhiéu 1an khi:
Tang nong do A 1én 2 lan
Giam nong d6 chat A 3 lan
Tang ap suat ciia A, B 1én 3 lan
Giam thé tich hdn hop xudng 3 lan
4.2. Phan ung tong hop NH; xdy ra theo phuong trinh : N, + 3H, -> 2NH;
1. Viét phuong trinh dong hoc ciia phan ting
2. Téc do phan tmg sé& thay d6i thé nao néu ting néng d6 cia H, 1én 2 1an dong

thoi giam nong do ciia N, xudng 2 1an, cac dk khac khong doi.

2. Bai tap ap dung cong thirc Van Hop
4.3. M6t phan tng xay ra & 110°C c¢6 hé sé nhiét do bang 2. Khi nhiét do ting 1én
150°C thi tbc do phan mg ting bao nhiéu 1an?
4 1an B. 8 lan
C. 16 lan D. 18lan
4.4. Mot phan g hoé hoc xay ra & 80°C trong 10 phit voi hé sé nhiét 1a 2. Thoi gian
phan g tién hanh & 110°C 1a;
112,5 giay B. 150 gidy
C. 120 giay D. 148 giay
45. Chophanting 2A + B - C + D
1. Téc d6 phan ung ting bao nhiéu 1an khi ting nhiét d6 phan ung tir 20°C dén
60°C? Biét hé sb nhiét do ctia phan tng 1a 3.
2. Can tang nong do cta A 1én bao nhiéu lan dé téc do phan mg ting 16 1an?
Céc dk khac khong d6i.
DS: 1. 81 1an 2.4 lan
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4.6. O nhiét d6 150°C mot phan tng két thuc sau 16 phut. Héi ¢ 120°C va 200°C phan
g d6 két thirc sau bao nhiéu phut? Gia st hé s6 nhiét do cua phan mg trong khoang
nhiét d6 d6 1a bang 2

bS: 128 phut va 0,5 phut
4.7.Phantmg A + 2B — san pham. Luc dau Cp = 0,03mol/l; Cg = 0,05mol/l. Hing
s6 toc d6 phan ung k = 0,4. Tim téc do phan tng ¢ thoi diém ban dau va ¢ thoi diém
con Ca = 0,01mol/l. Téc d6 phan tng s& thay doi nhu thé ndo néu giam thé tich di 10

lan.

3. Bai tap ap dung cong thirc ciia Areliuyt
4.8. Hang sb téc do & 20°C bang 3.107 con & 50°C bang 4.10™%. Hay tinh ning luong
hoat hoa E, va tdc do phan tmg & 30°C (coi ndng do cac chét bang don vi).

DS: E, = 67,94 kJ/mol; toc do & 30°C 12 7,53.10°
4.9. Sunllivan nghion ctru phan tng: 2I(k) + Hy(k) — 2HI(k)
Cho thiy rang hing sb téc d6 phan ung & 417K bang 1,12.10°M?2s™ va & 737,9K
bang 18,54.10°M?.s™, X4c dinh ning luong hoat héa va hiang sd toc do phan tng ¢
633,2K.
4.10. Thuy phdn CH3ClI trong H,O la mot phan tng ¢6 bac dong hoc 1a mot. 0 25°C,
phan tmg c¢6 hing sb tdc dd kyes=3,32x 107%™, va & 40°C ¢l ky13=3,13x 107%™, Tinh
nang lugng hoat hoa ctia phan ung.
4.11. Trong mdt phan (mg bac nhit tién hanh & 27°C, ndng do chit dau gian di mot
nta sau 5000s. O 37°C noéng do giam di 2 lan sau 1000s. Xac dinh ning luong hoat

hoa ctia phan ung.

4. Xac dinh ndng d cac chit, tinh hing s6 cin bang
4.12. Cho phéan ung: Fe,O5(tt) + 3CO(k) : *t  2Fe(tt) + 3CO,(k)

Viét biéu thirc hang s6 can bang K¢ , Kp cho phan tng trén.
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4.13. Viét biéu thire tinh hang s can bang Kc , Kp ctia cac phan tng sau:

250,(K) + Oy(k)  3>F  2S0s(K)
Nak)  + 3Hap(k) 3% 2NHg(K)
Cltty  + COuk) }** 2CO(K)

4. 14. NOCI b1 phan huy theo phan trng:
2NOCI(k) >+ 2NO(k) + Cly(k)

O 500K khi cén bang c¢6 27% NOCI bi phan huy va 4p suét tong cong cua hé 1a 1
atm. Hay tinh ¢ 500K
1. Ap suét riéng phan cua tig chat trong phan ung khi can bang
2. K, va AG? cua phéan tng
3. Néu ha 4p sut xuéng dudi 1atm thi sy phan huy cia NOCI ting hay giam? vi sao?
PS: 1)K, =1,6.10% AG’ = 17,112kJ
2) Pnoci= 0,643 atm, Pyo= 0,238atm, PC|2 =0,119atm

4.15. Cho phan ung:
4HClyy + Oy — 2H,0y9 +2Clyg

Gia str ban dau chi c6 HC1 va O,. Sau mdt thdi gian phan tmg nong do
ctia cac chat 1a: HCL: 0,75mol/l; O,: 0,42mol/l; Cl,: 0,2mol/l. Tinh ndng dd ban dau
cua HCl va O,.

PS: Néng d6 HCI 1,15mol/l

Nong d6 O, 0,52mol/l

4.16. 0 850°C phan tmg: CO(k) + H,O(K) 3 ** COx(K) + Hy(k)

Tai trang thai cAn bang c6 hang s can bang K¢ = 1. Cho biét ndng d6 ban dau
ctia cac chat: [CO] =0,2mol/l; [H,O] = 0,2mol/l va [CO,] = [H,] = 0. Tinh ndng d6 céac
chat & trang thai cAn bang.

b/s: [CO,] =[H2] = 0,067 mol/l

[CO] = 0,133 mol/l; [H,O] = 0,033 mol/l
4.17. Cho phan tng : Ny(k) + 3Hy(k) S 2NH;(k)
tién hanh & nhiét 6 va thé tich khong d6i. Biét rang tai trang thai can bang cac chat co

nong do nhu sau:
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Cy,=0,3mol/l; C,, =0,9mol/l; C,,, =0,4mol/I

1. Tinh hing s6 cin bang K¢ ctia phan tng.
2. Tinh ndng d¢ ban dau cia nito va hidro.
b/s: K¢ =0,73; [N,] = 0,5 mol/l; [H,] = 1,5 mol/I
4.18. Cho can bang: CO(kK) + Ha(k) 3>* CO(k) + H,O(k)

Tinh hang s6 can bang K¢, biét rang ¢ trang thai can bang c6 0,4 mol CO,; 0,4
mol Hy; 0,8mol CO va 0,8 mol hoi nudc trong mot binh dung tich 1 lit. Néu tang ap
suat chung cuia h¢, can bang s& dich chuyén theo chiéu nao?
bS:Kc=4
5. Bai tap tong hop
4.19. Pinh nghia toc do phan tng. Phan biét tbc do trung binh va tdc d6 tirc thoi
cua phan ing.

4.20. Cac yéu té néng do, nhiét 46 c6 anh huéng nhu thé nao dén tdc do phan Gng?
Viét biéu thirc thé hién mdi lién quan giira toc d6 va nong do, nhiét do.

4.21. Vai trd cta xuc tac trong cac phan tng nhu thé nao? Cho vi du.

4.22. Thé nao 1a phan Gtmg mot chiéu, phan tng thuan nghich. Cho vi du.

4.23. Can bang hoa hoc 1a gi ? Cho vi du. Viét biéu thic vé d6 chuyén hoa o?

4.24. Thé nao 1a su chuyén dich cin bang hoa hoc? Cho vi du? Cac yéu té ndng do,
nhiét do, ap sudt anh huong nhu thé nao dén su chuyén dich can bang hoa hoc? Cho vi
du.

4.25. Cho 8,34(g) PCls trong binh c6 thé tich 1(lit) & 200°C, phan tng xdy ra  trong
binh: PCls(k) %>t PCls(k) + Cly(K)

Khi can bing P téng cong 1a 1,94atm.

1. Tinh ap suét riéng phan cta cac khi & TTCB? Cho Mec, = 208,5.

2.Tinh hang s6 Kp ?

bS: Ppc|3 - PC.2 — 0,388(atm); Ppc|5 = 1,164(atm) » Kp = 0,13
4.26. Cho phan tmg 6 150°C: H,O(k) + CO(k) 3>* Hayk) + COy(k)

c6 [H,0] va [CO] ban dau déu bang 0,03M; [H,] va [CO,] ban dau 12 0;

K.=0,25

1. Tinh ndng do cac chit & trang thai cAn bang?
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2. Tinh Kp va AG 6 nhiét do d6?
bS: [H,] =[CO,] = 0,01(mol/l) ; [H,O] = [CO] =0,02(M) ; Kp = 0,25; AG =5,45
Ky
4.27. Cho phanung 2A +B —> C

Ban dau [A] = 0,5M va [B] = 0,3M; k = 0,4. Tinh vén tc ban dau va van toc tai
thoi diém [B] con lai 25% luong ban dau. Néu ting dong thoi [A] va [B] 1én 2 lan thi
téc d6 ting 1én may 1an?

DS: vig = 0,03 (MOI/L.S); Veay = 7,5.10 (mol/.1s); 8 lan
4.28. Cho phan tmg: H,O(k) + CO(k) S Hy(k) + COy(k)

Khi can béng P téng cong la 2 atm, Kp = 0,64; Biét s6 mol ban dau cua H,0 va
CO lan luot 1a 1 va 3.

1. Tinh 4p suét riéng phan cuia cac khi & TTCB?

2. Néu giam 4p suit tong cong mot nira thi ti 1& Peo: PCO2 la bao nhiéu?

bS: pu, = Peo, = 0,342 (atm); PHZO = 0,158 (atm); Pco =1,158 (atm)
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CHUONG 5. DUNG DICH

5.1. Mot s6 khai niém va dinh nghia
5.1.1. Hé phan tan
Hé phan tan 13 nhitng hé trong d6 co it nhit mot chit phan bd (chit phan tan)
vao mot chat khac (méi trudng phan tan) dudi dang nhiing hat c6 kich thudc nho bé.
Vi du:
R- R: (Chét ran phan bd trong chit rin) nhu cac hop kim.
R- L: (Chat rdn phéan bd trong chét 16ng) nhu cac dung dich mudbi.
R- K: (Chat rdn phan bd trong chét khi) nhu khoi nha may xi mang.
L- L: (Chat 16ng phan bd trong chét long) nhu sita, dau tho.
L- K: (Chat 16ng phan bd trong chét khi) nhu swong mu.
L- R: (Chat 10ng phan bb trong chit rin) nhu thach, mau déng.
K- R: (Chat khi phan bd trong chat ran) nhu platin hap phuy hidro.
K- L: (Chat khi phan bd trong chat 1ong) nhu nuée ty nhién, dung dich HCI.
K- K: (Chét khi phan bé trong chat khi) nhu khong khi, hn hop khi.
Néu moi trudng phan tan 1a chat 16ng thi tuy theo kich thudc cia cac phan tir
phén tdn ma chia ra thanh ba h¢:
Hé khuyéch tan tho (hé lo ling): Cac phan tir phan tan c6 kich thudc >
100nm.
Huyén phu khi phan tir phan tan 1a chat ran.
Nhii twong khi phén tir phan tan 1a chat 1ong.
Dung dich keo: Kich thuéc cta cic phan tir phan tan tir Inm—100nm
Dung dich thyc hay dung dich: Kich thuéc ctia cac phan tir <Inm.
bay 1a kich thudc ctua céc phan tir, vi vdy cac dung dich nay con dugc goi la dung
dich phan tir,
Trong chuong nay sé& nghién ctru chil yéu 1a dung dich thyc. Mot s6 khai niém
vé dung dich keo dugc nghién ciru & cudi chuong.
Déi véi dung dich thuc moi trudng phan tan duge goi 1a dung moéi, chat phan

tan 13 chéat tan.
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5.1.2. Khai ni¢m vé dung dich
a. Dung dich

La mot hé dong thé gdm cac phan tir, nguyén tir, hodc ion cua hai hay nhiéu
chat.

b. Dung dich bdo hoa. Do tan

Dung dich bdo hoa 1a dung dich khong thé hoa tan thém duogc chit tan & diéu
kién da cho. Dung dich nay bén vé nhiét dong va c6 AG = 0.

Dung dich chira bdo hoa 1a dung dich con c6 thé hoa tan thém dugc chat tan ¢
diéu kién da cho.

P tan S: dwge biéu dién bang s6 gam chit tan cé thé hoa tan trong 100g dung
moi tgo thanh dung dich bdo hoa 6 mot nhiét do xdc dinh.

Vi du: D tan ciia NaCl & 20°C 1a 35,8 nghia 1a ¢6 35,8 gam mudi trong 100
gam nuoc.

S > 10 1a chat dé tan.
0,01 <S <1 la chét kho tan.
S < 0,01 1a chat khong tan.

Riéng d6i vai cac chat khi do tan dugc biéu dién bang sb mol khi chét tan trong
mot it dung moi.

C6 mot s6 chat 1ong hoa tan v6i nhau véi luong khong gidi han (thi du nhu
ruou va nude) ching duoc goi 1 hoa tan vo han. Nhiing chat 1ong khong hoa tan vao
nhau hodc hau nhu khong hoa tan vao nhau duoc goi 1a khong hoa tan vao nhau.

Do tan phu thudc vao ban chét cua chit tan, cia dung méi va nhiét d9. Trong
mot sb truong hop do tan con phu thudc vao ap suat.
¢. Dung dich li twong

Dung dich i twong 1a dung dich ma trong d6 luc tuong tac giira tit ca cac tiéu
phan cia ca dung moi va ca chat tan 13 dong nhat. C6 thé coi dung dich rat loang la

dung dich li tuong.

5.2. Nong d9 dung dich
5.2.1. Nong d¢ phin trim (C%)

Nong d phan tram 14 s gam chét tan c6 trong 100 gam dung dich.
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Khéi luong chit tan
C% = , . 100 (%) (5.6)
Khoi1 lugng dung dich

5.2.2. Nong d mol (Cy,)
Nong d6 mol dugc biéu dién bang sé mol chat tan c6 trong 1 lit dung dich.
S6 mol chat tan

= , (mol/T) (5.7)
Cw Thé tich dung dich (1)

Vi du: Hoa tan 16,7g CaCl, bang nuéc dén 400 ml dung dich. Hay tinh ndng
dé mol ctua dung dich va nff)ng d6 mol cta ion Cl ™.
Giai: Ta biét rang CaCl, phan 1i hoan toan trong nudc:
CaCl, —» Ca** +2CI”
1mol 2mol

16,79
111,01g

S6 mol CaCl, 13 neacpp = =0,15 mol

Sé mol ciia Cl71a&: 2.ncacip =2 . 0,15 = 0,3 mol

0,15
Cwmcacrz) = 0—4 = 0,375 mol/l

_ =@: 0,750 mol/I
M) 0.4

5.2.3. Nong d9 molan (C,,)
Nong do molan duoc biéu dién bang s mol chit tan c6 trong 1000g dung moi.

m,.1000

C.=
; M.m,

(5.10)

Trong d6: m, 14 s6 gam chat tan;
m; 14 s6 gam dung moi;
M 14 khéi lwgng mol phan tir chat tan.
Vi du: Tinh né)ng d6 molan cta dung dich saccarozo (C1,H»011, M = 342,3) 30%
trong nude ?
Giai: Trong 100 gam dung dich, khéi lwong saccarozo 1a 30g; khéi luong nudce
la 70g.

S6 mol saccarozo trong 70 gam nudc:
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nsaccarozo = i = 0;087 mol

342,3
Nong d6 molan ctia dung dich:
_ 0,087 (mol) .1000 (g)

=1,25
70(9)

m

5.2.4. Nong d phan mol (C,p)

Néng d¢ phan mol dwoc biéu dién bang ti s6 giita sé mol mét hop phan trén tong
s6 mol ciia tdt ca cdc hop phan cia mét dung dich. Pbi voi dung dich gom na mol
chat A va ng mol chit B c6 néng do phan mol cta chit A va chat B la:

n

Cona) = ﬁ (5.11)
A B
n
Cone) = ﬁ (5.12)
A B

Vi du: Tinh nong d6 phan mol ctia dung dich saccarozo 30%

Giai: Trong 100 gam dung dich, khdi lugng saccarozo 1a 30g; khoi luong nude
la 70g.

S6 mol saccarozo trong 100 gam dung dich:

30

—— =0,087 mol
342,3

nsaccarozo -

S mol nuéc trong 100 g dung dich:

70
Noo= —— = 3,88 mol
"7 18,01

0087
0,087 + 3,88

388
0,087 + 3,88

Nong do phan mol cua saccarozo:

Nong d6 phan mol ciia nudc: 0,88
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5.3. Tinh chit ciia dung dich loing chita chit tan khong dién li va khong bay hoi
5.3.1. Dinh luat Raoult 1
Trén bé mit cht 10ng nguyén chat ludn ton tai hai qué trinh: bay hoi va ngung
tu.
i bay hot
Chat 16ng <« hoi
ngung tu
Céc phan tir 1ong bay hoi tao thanh cac phan tir hoi va giy ra ap suat trén bé mat
chat long duoc goi 12 dp sudt hoi ciia chdt long. Tai day cac phan tir hoi chuyén dong
hon loan va ching c6 thé va cham 1én bé mat chat long va trd thanh trang thai long.
O mét nhiét do xac dinh, trang thai can bﬁng nay duoc dac trung boi ap suét hoi
bdo hoa.

Ap suét hoi bdo hoa cua chat long ¢ nhiét d§ nao do 1a ap suét tao ra bai hoi cua
no trén bé mit thoang khi giita chat 1ong va hoi d6 nam cén bang véi nhau (Py).

Khi thém mét chét tan khong dién li, khong bay hoi vao dung méi thi chit tan
chi ¢4 mit & pha 16ng, khong c6 mit & pha hoi vi thé ap suat hoi bao hao ciia né nhod
hon 4p suat hoi bdo hoa ctia dung mdi nguyén chat. Hién twong nay goi 1a su giam ap
suat hoi bdo hoa.

Do giam ap suat hoi bio hoa duge xac dinh bang biéu thic cia dinh luat Raoult

“Ap sudt hoi bao hoa ciia dung dich Py bang dp sudt hoi bdo hoa ciia dung méi
Po nhdn véi nong dé phan mol ciia dung méi”
P1=Po.Cpn (5.13)
Con: Nong d6 phan mol ciia dung méi
Trong dung dich phan mol ctia dung méi Cpn ludn nho hon 1, do d6 dp sudt hoi
bdo hoad cuia dung dich Py luén luén nhé hon dp sudt hoi bdo hoa ciia dung méi ¢ cing
nhiét do.
Dinh luit Raoult 1 ciing c6 thé phat biéu theo cach khac: PG gidm dp sudt hoi
béo hoa ti 1é thudn véi sé mol chdt tan trong dung dich.
aAP_ Ny (5.14)
P, n;+n,

Ny, Ny: S6 mol cta dung mdi va chat tan c6 trong dung dich.
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AP: Do giam ap suat hoi bio hoa ciia dung dich so v6i dung moi
(AP =Pq - Py)
5.3.2. Dinh luit Raoult 2

Su giam ap suét hoi bdo hoa cua dung dich 1am cho nhiét 6 s61 cua dung dich
ting 1én va nhiét 46 dong dic cta dung dich giam xudng so voi dung méi nguyén chit.

Pinh luat Raoult 2 chi ra mdi quan h¢ gilra nhiét d0 so61 va nhi¢t do0 dong dac
ctia dung dich chira chat tan khong bay hoi, khong dién li so véi dung moi
a. D¢ ting nhiét dp séi ciia dung dich chiva chit tan khong bay hoi, khéng dién li so
v6i dung méi nguyén chit

o Nhiét d¢ séi ciia chat long la nhiét d6 ¢ dé dp sudt hoi bao hoa ciia né bang
dp sudt khi quyén.

Khi chat 16ng soi ¢6 can bang giita 1ong va hoi:
LS H

Néu ap suat bén ngoai khong doi thi trong qua trinh s6i nhiét do soi cuia chat
1ong nguyén chat khong doi.

M&i chat 1ong c6 nhiét do soi xac dinh. Nhiét do soi cia chat 1ong chi phu
thudc vao ap suit bén ngoai. Vi du: O ap suit 1 atm, nudc soi & 100°C; & 0,74 atm
nuée soi & 92°C.

e O 4p suat bén ngoai nhu nhau, khi dung mdi nguyén chat soi thi dung dich
chtra chat tan khong bay hoi s& chwa s6i vi 4p suét hoi bio hoa ctia dung dich luén nho
hon ap suat hoi bao hoa ctia dung moi nguyén chat & cing nhiét o, do d6 phai ting
nhiét d6 dé ting ap suit ctia dung dich cho bang ap suit khi quyén thi dung dich m&i
sOi.

Nhu thé, nhiét d6 séi ciia dung dich cao hon so véi dung méi nguyén chat.

e P§ tang nhiét g séi ciia dung dich so véi dung méi nguyén chat dwoc tinh
bang cong thirc sau:

Atg =k . Cpy, (5.15)

Cm: Nong d6 molan

ks: Hing s6 nghiém s6i ciia dung méi, nd chi phu thudc ban chat coa
dung mai.

Ats :ts = tso
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b. D¢ giam nhigt dp dong dic ciia dung dich chira chit tan khong bay hoi khong
dién li.
- Nhiét do dong ddac cua chat long la nhiét do o do ton tai bdng can bcing gitta
pha long va rdn:
L SR

Ap suét bén ngoai khong thay doi thi trong qué trinh déng dic nhiét do dong
dic cua chat nguyén chét khong doi.

- Nhiét do dong dac cua dung dich luon thafp hon nhiét do dong ddc cua dung
méi nguyén chat.
X¢ét can bﬁng: H,Op S H20 ()

Thém chét tan vao nudc thi nong do cua H,0 trong dung dich giam xudng,
theo nguyén 1y Losatolie can bang chuyén dich vé phia tao ra H,0() nghia la nuéc da
tan ra. Chiing ta cin phai giam nhiét d6 xudng du6i 0°C dé nude 1ong két tinh lai.

- DY giam nhiét d¢ déng ddc cia dung dich so véi dung méi nguyén chat dwoc
tinh boi cong thirc sau:
Atgq = Kgg Cn (5.16)
AL = taa(am) - tadacaa)
Kaa: Héng sb nghiém dong, chi phu thudc vao ban chat dung méi
Cpm: Nong do molan
Hai biéu thirc (5.15), (5.16) 1a biéu thirc toan hoc cta dinh luat Raun thir 2.

bJ tang nhi¢t do sb61 va gidm nhiét d§ dong dac cua dung dich ti I¢ thuan véi
d6 giam ap suat hoi bio hoa, nghia 1a ti 1& thuan véi nong d6 dung dich.

Can chu ¥ 1a cac phuong trinh cta dinh luat Raoult chi 4p dung cho cac dung

dich loang.

5.3.3. Ap suit thim thau
a. Hién twong tham thiu

Hién twong khuyéch tan hai chiéu: Pyng dung dich CuSO, ¢ nhanh A ciia 6ng
chit U, nhanh B dung nudc nguyén chat. Hai nhanh dwgc ngin cach v6i nhau biang
khoa ¢ gitta. Néu m& khoa thi mot luc sau thiy dung dich & hai nhanh déu c¢6 cting mot

mau xanh nhung nhat hon mau cta dung dich CuSO, ban dau. Diéu d6 ching t6 ring
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cac phan tir CuSO, di khuyéch tan sang nhanh B va nguoc lai cac phan tir H,0
khuyéch tan tir nhanh B sang nhanh A.

Hién tuong khuyéch tin mot chiéu: Néu thay khoa gitta hai nhanh A va B bang
mot mang ban thdm thi chi c¢6 cac phan tir cia H,O khuyéch tan tir nhanh B sang
nhanh A.

Hién tuong khuéch tan cia cac phan tir dung moi qua mang ban thim vao
dung dich goi 1a sy tham thau.

Mang ban thim c6 trong ty nhién: Bong bong dong vat, da éch, mang céac loai
cli (mang cu cai) ... Nguoi ta ché tao mang ban thdm bang mang xp dit sét c6 tam
mudi dong Cu,[Fe(CN)]e ...

Hién tuong tham thau dong mot vai tro rat quan trong trong su sdng ciia cac co
thé dong vat va thuc vat. Vo té bao 1a nhirng mang ban thdm cho céc phan tir nudce di
qua nhung cic chat tan trong chat 1ong bén trong té bao hau nhu khong di qua dugc.
Nho c6 hién tugng tham thau ma cay cb co thé hat duge nude tir dat 1én nudi cac té
bao, cdy cbi, hoa qua héo tudi nudc vao lai tuoi, ca nudc ngot khong séng ¢ nudec min
va nguoc lai.

b. Ap sudt tham théu.

Cho mét ong chit U c6 nhanh A chta dung dich duong glucozo va nhanh B chia
nudc . Sau mot thoi gian thiy mirc dung dich trong binh dang 1én dén chiéu cao h thi
dirng lai. Nguyén nhan cua hién tuong thim thau 13 do cic phan tir dung moi c6 nong
d6 ctia nudc cao hon ndng do cta nude trong dung dich nén cac phan tir nude khuéch
tan tir dung moi vao dung dich nhiéu hon. Diéu d6 lam cho dung dich ngay cang loang

nén cot dung dich trong nhanh A dang lén.

. Y Ap suar
& = tham
w—- Glucose |Water . s thiu

Mang tham
chon lge

Hinh 5.1. So do thi nghiém vé sw tham thdu
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Tinh chit thdm thiu cia dung dich lodng, khong bay hoi, khong dién li duoc
dac trung bdi mot dai lugng 1a ap suét thAm thau. Trong thi nghiém trén, ap suét thAm
thiu chinh 1a 4p suat thuy tinh ctia cot dung dich c6 chiéu cao h. Chiéu cao h chi phu
thudc vao nhiét do va néng do cua dung dich.

Ap sudt tham théau la Gp sudt can tic dong vao dung dich dit dé lam ngieng hién
twong tham thdu.

Nam 1887 Vant'Hoff thiét lap biéu thirc lién quan giita do 16n 4p suit thim
thau va nong do chat tan d6i voi dung dich lodng.

IV = nRT
Hay I = % RT =CwRT (5.17)

IT: Ap suat tham thau
R: Hang s6 khi
Cwm: Nong do mol/l
5.3.4. Xac dinh phan tir khoi ciia chit tan
Dua vao dinh luat Avogadro ta xac dinh duogc phan tu khdi ctia chat khi va chit
long khong bay hoi theo cong thire:
PV =nRT
Can cir vao mdt trong nhirng tinh chat ctia dung dich chat khong bay hoi, khong
dién li: Su gidm ap suét hoi, su tang nhiét do soi, sy giam nhié¢t do dong dac, ap suit
thim thau nguoi ta co thé xac dinh dugc phéan tir khdi ciia chat ran va chat 1ong khong
bay hoi.
Duya vao d¢ tang cua nhi¢t do soi, dd gidm nhi¢t do0 dong dac cua dung dich
ngudi ta dung phuong phap nghiém lanh dé xac dinh phan tir khéi chét tan:
Twr cong thirc (5.15) & (5.16) ta co:

A= k. m,, .1000 o M= k,.m.1000 (5.18)
M.my, At,.my,
Aty = Ky m, .1000 o M= k4.m.1000 (5.19)

dm
Mer: Khoi lugong chét tan

Mam: Khéi lugng dung moi
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Vi du 1: Nhiét d6 hod rin cua dung dich chira 0,244g axit benzoic trong 20g
benzen 1a 5,232°C. Nhiét d6 hoa rin cua benzen tinh khiét 1 5,478°C. Xéac dinh dang
tdn tai cua axit benzen trong dung dich. Biét kyq ciia benzen bﬁng 4.90.

Giai: D6 ha nhi¢t do dong dac cua benzen la:

At = 5,478 - 5,232 = 0,246°C

0,244.1000
My=49. ————— =242
0,246.20
Phén tir khdi ciia CgHsCOOH bang 122,05
A . : e 243
Dang ton tai cua axit benzoic trong benzen la dime: ~
122,05

Pbi v6i nhitng chat c¢6 phan tir khdi 16n hon 1000 nguoi ta ap dung phuwong
phdp dp sudt tham thau.
Tur cong thic (5.17) ta ¢o:

M — ——RT
IV (5.20)

Vi du 2: Khi hoa tan 145g mét protein vao 10ml nude ¢ 25°C thi gy ra ap suit
tham thau 13 0,00989 atm. Xac dinh phén tir khéi cta protein d6 ?
M = 0,145.0,082.298
0,01.0,00989

Phén tir khdi ctia protein d6 1a 35826,29 dvC

~ 35826,29 dvC

5.4. Dung dich chit dién li
5.4.1. Tinh chit bat thuwong ciia dung dich axit, bazo va muéi
Khi nghién ctru dung dich ciia mudi, axit, bazo nguoi ta thdy do giam ap suat

hoi bdo hoa (AP™), d¢ tang nhiét do sbi (Ats "), dd giam nhiét do dong dic (Ate' ), 4p
sudt thAm thdu (IT"") ciia dung dich dugc x4c dinh thuc nghiém luén luén 1én hon céc
gi tri ly thuyét tinh theo céc biéu thirc ctia dinh luat Raoult , Vant’'Hoff:

AP™N > AP AL™ > AT Aty ™ > At T TT™ ST

Vi du: Bﬁng thi nghiém nguoi ta do dugc do gidm nhiét do0 dong dac cuia dung
dich chira 0,1 mol KBr trong 1 kg nudc 12 0,338°C tang 1,82 14n so v&i gid tri Atys tinh
theo phuong trinh (5.16).
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Niam 1880 Vant'Hoff da tim thay rang ddi véi dung dich muébi, axit, bazo phai

thém hé s i (duoc goi 1 hé sb Vant'Hoff ) vao phuong trinh (5.16).
Atgq = iKgq Cpy (5.21)

Nam 1887, nha béac hoc Arrhenius dé xudt thuyét dién li. Theo thuyét dién li,
khi tan trong mede, cdc axit, bazo va mudi phdn li thanh cdc tiéu phdn mang dién (cdc
ion) nén chiing dwoc goi la chat dién li. Sy dién li ciia cac chat dién 1i da lam cho s
tiéu phan cua cac chét trong dung dich ting 1én. Do d6 phai dua hé sb i vao cac biéu
thuc (5.15), (5.17).

Ats = iks Cpy (5.22)
IT =iCyRT (5.23)

Hé s6 Vant'Hoff co thé xac dinh dé dang bang thuc nghiém. C6 thé tinh i nhu
Sau:

S6 phan tir trong dung dich

= , (5.24)
S6 phan tir hoa tan

Vi du: KBr trong dung dich phan 1i hoan toan nhu sau:

KBr —» K'+ Br-
2

i=— =2
1

Tuy nhién trong vi du trén i do duoc gan bang 2. Hién tugng nay duogc giai
thich nhu sau: Trong dung dich dac tdn tai lyc tinh dién gifra cac 1on ngan trd phén nao
sur Chuyén dong tu do cua céc ion.

Déi v6i dung dich yéu nhu dung dich CH;COOH, HCN, i s& nho hon 2 nhiéu vi
s6 ion duoc phan li ra rat it. Vi dy, trong dung dich CH;COOH 0,043M trong nudc, i =
1,02.

5.4.2. Mot s6 dinh nghia va khai niém
a. Chét dién li
Chat dién 1i 1a chat khi tan trong nudc phan 1i thanh cac ion
Axit, bazo va cac mudi 1a céc chat dién li.
b. D¢ dién li
Dién dién li o 13 ti s6 giira s6 phan tir bj phan i trén tong sb phan tir dd hoa

tan.
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Do dién li duoc biéu dién boi sd thap phan hodc quy ra %.
a= 1 (5.25)
No
n: S6 phan tt bi phan li
No: Tong s6 phan tir da hoa tan
Vidu: O 250C, trong dung dich axit axetic o = 0,4%.
Ngudi ta chia chit dién li thanh chit dién 1i manh, trung binh, yéu theo a.:
a < 3%: Chat dién li yéu
o >30%: Chat dién i manh
3% < o < 30%: Chat dién li trung binh

Do dién li phu thudc vao ban chat ciia chat dién li, ban chat cia dung moi,
néng do va nhiét do.
c. Chat di¢n li manh

Chat dién li manh 1a chat khi tan trong nudc phan li hoan toan thanh cac ion.
Céc axit manh, bazo manh va da sé cac mudi 1a cac chat dién li manh. bo dién
li cia cac chat dién li manh bang 1 (o = 1). Chang han 1 mol NaOH cho 2 mol ion, 1
mol MgBr, cho 3 mol ion trong dung dich nudc.

d. Chat dién Ii yéu

Chdt dién li yéu 1a chat khi tan trong nudc chi phan li mot phan thanh ion, phan
con lai tOn tai & dang phan tu.

Pa s6 cac axit, bazo hitu co, mot s6 axit vo co yéu (H,S, HCN, H3POy,...), mot
s6 bazo yéu (Cu(OH),, Fe(OH)s, NH; ...), mot s6 mudi cta kim loai yéu nhu HgCl,,
BeCl,, Fe(SCN); ... 1a cac chét dién 1i yéu. Do dién li cua cac chat dién li yéu 1a 0 < o
<1
e. Pé dién li biéu kién

Theo li thuyét, chat dién li manh c6 a = 1. Két qua thuc nghiém cho thdy 1a a
thudng nho hon 1, chi khi dung dich rat lodng méi do duoc o = 1. Hién twong nay
duoc giai thich nhu sau: Trong dung dich rét lodng, khoang cach cac ion 16n c6 thé bo

qua sy tuong tac tinh di¢n gitra cac ion. Trong dung dich dac, cac ion gan nhau nén co
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su tuong tac tinh dién giira cac ion lam giam sy chuyén dong tu do cia cac ion va
duoc phan anh ¢ gia tri o do duogc.

Nhu vay gia tri o do dugc bé’mg thyc nghiém cua chit dién 1i manh nhé hon 1
khong phai 1 do dién li thuc ctia nd, nén duoc goi 1a do dién i biéu kién.
f. Hang sé di¢n li ciia chdt di¢n li yéu

Xét su dién li ciia chat dién 1i yéu AB.

AB i*t A"+B-
O trang thai can bang:
Kes = M (5.26)
[AB]

[A"] [B] va [AB]: Nong d6 mol/l ctia ion A*, B™ va phan tir AB.

Hang s6 cAn bang ciia phan Gng trén dugc goi 1a hing sé dién li. K dic trung
cho kha nang dién li ctia chat dién 1i. K cang 16n thi néng do cation va anion tao ra
cang 16n. Hang sé dién i ciia chat dién 1i chi phu thudc vao nhiét d6 khong phu thudc
vao nodng do.

Hang s6 dién li c6 thé dung dé dic trung cho d6 manh cta chat dién li. K cang
nho, kha nang phan li ctia chét dién li cang yéu.

Vi du: 025°C, Kyyyo, =72 10, Koy =7,2. 1077

D01 véi axit, bazo nhi€u nac hoac muoi cua axit nhiéu nac thi qué trinh phan li

xay ra nhiéu nac. Su phan li ¢ nac sau bao gio cling yéu hon nac trudc.

Vi du:
HsPO, 3>t H"+H,PO, K;=7,6.10"
H,PO, $>t  H +HPO,” K,=6,2.10"°
HPO,” }** H"+ PO,* K;=4,4.10"

Hing s6 dién li lién hé voi bién thién thé dang ap bang biéu thirc:

AG® = - RTInK (5.27)
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e Moi lién h¢ giira hang s6 dién li va 9 dién li.
Xét sy phan 1i ciia chét dién li AB c6 néng d6 ban dau 1a C (mol/l) va o 13 do
dién li cua no. Ta co:
AB ;*t A"+ B-
Nong d6 ban dau C 0 0
Nong d6 can bang C - Ca Ca Ca

Ca.Co a’
cB C-Cua l-«o ( )

Paiy 1a biéu thtrc cua dinh luat pha lodng Ostwald
Néu a< 0,05 thi ta co:

K
== 5.29
=G (5.29)

Vi duy 1: Tinh hang s6 dién li cta axit axetic, biét rang trong dung dich 0,1M,

o =0,0132.

Giai: CH,COOH }*t CH3;COO™ +H*
2
K=01. (0,0132)7 =17.10°
1-0,0132

Vi du 2: Tinh ndng d6 dién li ctia axit xianhidric trong dung dich nong do

0,05M, biét Koy = 7. 1029,

7.10710
Giai: Vi dung dich loang nén ap dung cong thirc 5.29 ta c6: a = 0.005 =

1,18 .10

5.4. 3. Su dién li cia nwée. Khai niém vé pH.
Thuc nghiém cho thy rang nude ciing dién li, tuy rang & muac do rat nho.
HO $>t H '+ OH~
O 298K, ngudi ta xac dinh dwoc hing s dién 1i cua nuée 1a 1,8.10°. Ta c6:

«_ [H'I[OH]

=1,8.10%
[H,0]

Nhu vay nudc chii yéu ton tai duéi dang phan tir. Nong do cua nude dugce tinh:
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[H,0] = @ = 55,56 mol/I
18
Do d6 c6 thé viét: K[H,0] = [H'][OH ] =1,8.10"° . 55,56 = 10"
Biéu thue [H][OH ] = 10™ Goi 1a tich sb ion ciia nudce va ki hidu 1a K Hy0 -
Tich sb ion ctia nudc thuc chat 1a héng sb can béng nén chi phu thudc vao nhiét
do. Vi vay ¢ 298K:
- Trong nudc nguyén chat hodc moi truong trung tinh:
[H]=[OH ]=10" molll
- Trong mdi trudng axit, ndng do ion [H] > 107 mol/l
- Trong méi trudng bazo, ndng do ion [OH™] > 107" mol/l con ndéng d6 [H'] >
107 mol/l.
Nguoi ta quy uéc: pH =-Ig[H]
pOH=-1g[OH™]
Ttr nhitng két qua trén ta c6:
Trong nuéc nguyén chat pH=7
Trong dung dich axit pH <7
Trong dung dich bazo pH>7

Vi trong dung dich nuée c6 [H][OH ] = 10 nén logarit hod hai vé ta co:

Ig[H]+Ig[OH]  =Ig10™
-Ig[H']-1g[OH]  =-1g10™
pH + pOH =14

5.4.4. Thuyét axit - bazo
a. Thuyét Arrhenius
Axit 13 nhitng chat dién li khi tan trong nudc phan li thanh cation H
Bazo 1a nhitng chat dién khi tan trong nuée phan li thanh anion OH~
b. Thuyét Brosned - Lowry
Axit la cdc chdt (phén tir, ion) ¢6 kha ndng cho proton.
Bazo la cdc chdt (phan tir, ion) ¢é khd ndng nhén proton.
Vi du: dung dich CH3; COOH la axit vi n6 nhudng proton cho nuéc con phan tir

H,O la bazo vi né nhan proton dé tré thanh HsO *;
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CH5; COOH + H,0 :At ~F CH; COO "+ H30 ¥ (a)

Trong phan ing ciia amoniac vé&i nudc, NH3 1a bazo vi ndé nhan proton cua H,O

con H,O 1a axit vi ndé nhuong proton cho NHj:
HO+ NH; 3>t NH,+ OH™ (b)

Trong phéan tmg (a) theo chiéu nghich CH;COO " nhén proton tir HsO" dé tr&
thanh CH3COOH, con H3;O" nhuong proton cho CH;COO ~ dé try thanh H,O. Theo
dinh nghia ctia Brosned CH;COO ~ 1a bazo va H;0" la axit. Nguoi ta goi cip
CH3;COOH - CH3COO " va cip H;0" - H,0 1a nhiing cip axit - bazo lién hop.

Xét twong ty ddi véi phan Gmg (b) ngudi ta thay theo chiéu thuan H,O 13 axit va
NHj; 14 bazo, con theo chiéu nghich NH," 12 axit va OH 1a bazo va cip NH," - NH; va
cap H,O - OH " 1a nhiing cap axit - bazo lién hop.

Néu ki hiéu cap thu nhat la Ay - By, cap thir hai la A, - B, thi hai phan ting axit -
bazo trén déu dwoc viét nhu sau:

A+ B, It B, + A,
axit 1 bazo2  bazol axit 2

Pay la phwong trinh tong qudt ciia phan g axit - bazo theo Brosned
5.4.5. Hang s6 dién li axit va hang so dién li bazo
a. Hang sé dién li axit

Sy dién li cta axit yéu 1a phan tng thuan nghich nén co thé xac dinh hang sb
can bﬁng K, theo dinh luat can béng hoa hoc:
HA+H,0 $*f H;O"+ A" : Theo thuyét Brosned - Lowry
HA }>t H'+ A" : Theo thuyét Arrhenius

O trang thai can bang:

« - [HOLATT_[HLAT]
: [HA] [HA]

K, 12 hang s6 dién li axit, K, chi phy thudc vao nhiét do.
K, cang 16n tinh axit cang manh.
Néu K, > 10" : axit manh

10™ < K, < 10" axit trung binh
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K, < 107 : axit yéu
Nguoi ta quy ude pK; = -1gK; , pK; bé tinh axit manh.
Vi du: Ky ecngcoory =475.107; pK, = 4,75
b. Hang sé dién li bazo
NH; tan trong nudc, c6 phan ung:
NH; + H,O >F NH,"+ OH"

[NH,"].[0H"]
[NH;]

Khi can bang: K, =

Ky 14 hang s6 dién li bazo. K, chi phu thudc vao nhiét do.
Ky cang 16n, tinh bazo cang manh.
Vidu: Kyypg) = 18107 ; pK, = 4,75
Nguoi ta quy ude pKy = -1gKy, pKy nhd, tinh bazo manh.
c. Moi lién hé giva K, va Ky ciia mét cdp axit - bazo lién hop
Xét cap axit - bazo 1ién hop ta co
K, duoc tinh theo can béng:
HA >t H" +A
k= LA
[HA]
Kp duoc tinh theo can bﬁng:
A +HO 1~t HA+ OH™
[HA].JOH]
Kpy= ——F"—"F"—=
[A7]

> KK, = [FLAT [HAL[OH ]
[HAl (AT

=[Hz0"] [OH] = K{y,0) = 107 (6:25°C)
Tich s6 cua hang sb axit va hang sd bazo ctia médt cip axit - bazo lién hop

bang tich so ion ctiia nudc. K, cua axit cang 1on thi Ky cia bazo lién hop véi axit do

cang nho va nguoc lai.
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5.4.6. Tinh pH cua dung dich
a. Dung dich axit
e Dung dich axit manh, mét nic: Axit loai nay chi cé thé phan 1i ra mot ion H”
nhu HCI.
HA+H, 0 }*f H; 0"+ A~
Axit manh dién 1i hoan toan trén [H;0"] = C, mol/I
Vay: pH=-1g C, (5.30)
e Dung dich axit yéu mot nac.
Xét truong hop dung dich axit yéu, mot nac c6 nong do6 C, mol/l
HA+H,0 >t H 0"+ A~
Néng do ban dau C, 0 0
Nong d6 can bangC, - X X X
2

X
K, = S X+ K, x+K,C,=0
C,—X

Khi biét K, va C, s& tim dugc x = [H30"] vdi 0 < x < C,. Néu x qué nho so
v6i C, (X < 5% C,) 6 thé coi C, - X = C,. Tir d6: x = /K,.C,

Do do: pH=-lgx =-lg{K,.C, (5.31)
Vi dul: Tinh pH ciia dung dich CHsCOOH 0,1M, biét pK cpy.coon) 4,75

1 1
Gidiz pH = 2. 475 - 90,1 = 2375 + 0,5 = 2,875

b. Dung dich bazo
e Dung dich bazo manh, mot néc.
Bazo mot nac 1a bazo ma mot phan tir (hodc ion) chi c6 thé nhan mot H'
(theo thuyét Brosned - Lowry) hoac chi co thé phéan li ra mot ion OH™ . Vi du: NaOH,
KOH ...
Vi du: bazo manh MOH ndng d6 C, mol/I

MOH }>f M+ OH"
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Cp Co
Co=[OH ] > pOH=-1gCy, > pH =14 +1gC,, (5.32)
e Dung dich bazo yéu, mot nic. B c6 ndng do6 C, mol/l
B+H,0 >t BH"+ OH~
Nong d6 ban dau Co 0 0

Nong d6 can bang Cp-Xx X X

2

X
K, = X2+ Kpx-KpCp=0, 0<x<C,

x = [OH™]. Biét Ky, Cy xac dinh duoc x

Néu x < 5% C,, thi ¢6 thé coi C - X~ Cp = x = /K,,.C,,

1 1
Do d6: pOH = E pr - E |ng —> pH =14 +|g A/ Kb'Cb (533)
Vi du: Tinh pH ctia dung dich NH; 0,01 M, biét Ky, =477,

Giai: pH=14 - ﬂ+ l lg 0,01 = 10,6
2 2

5.4.7. Dung dich dém
a. Khai niém dung dich dém

Dung dich dém la dung dich c6 gid tri pH khéng déi khi pha loang hay lam ddc
hoac thay doi rat it khi thém mot luwong nho axit manh hay bazo manh.

Céc dung dich dém c6 thanh phan nhu sau:

- Axit yéu va mudi cua no, chéng han nhu dung dich cia CH3COOH va
NaCH3;COO.

- Bazo yéu va mudi cua no, chrflng han nhu dung dich cua NH; va NH,CI.

- Mot mubi trung tinh va mot mudi axit, chéng han nhu dung dich cua Na,CO;3
va NaHCOs.

C( hai chét tron v&i nhau tao thanh mot dung dich dém duogc goi 1a mot cap
dém.
b. Tinh chit ciia dung dich dém

Mot tinh chdt quan trong cia dung dich dém la lam giam sw bién déng pH cia

dung dich khi thém axit hay bazo vao dung dich.
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Xét trudng hop hé dém chira dong thoi mot axit yéu HA va mot bazo lién hop

A~ cua nd duéi dang mudi NaA véi ndong do Cp = Cp. Vi du dung dich hén hop
CH3COOH va NaCH3COO.
Theo két qua tinh toan pH cta dung dich dém nay duoc tinh theo phwong trinh:

pH = pK, - Ig ((;:a (5.34)

m

Boi v6i dung dich dém trén khi Cepycoon V& Cacrigeoo = 0,1mol/l thi:

=475-1g O—’i = 4,75

NaCH3COO ’

Cchscoon
PH = pKcpiac00n — lg ——
Néu thém HCI vao dung dich nay sao cho ndng d6 ctia né dén 0,01mol/l thi cin
bang:
CH3;COOH + H,0 >t CH;COO™ + H;0"
s& chuyén dich vé phia trdi. Gia sir toan bo luong H;O" thém vao két hop voi

CH;COO ™ ¢6 trong dung dich dé tao thanh CH;COOH, ta c6:
[CH;COOH] = 0,11 mol/I

[CH;COO]1=0,1-0,01=0,09 mol/l
thi theo (V.35)
011
H=475-lg—= =467
P J 0,09

Sy bién dong ctia pH chia 1a 4,75 - 4,67 = 0,08 don vi.

Can lyu y 12 néu thém luong axit tuong ty vao nudc nguyén chat (pH=7) thi pH
cua dung dich 1a 2, su bién dong vé pH 1a 5 don vi.

Néu thém vao dung dich dém trén 0,01 mol NaOH vao 1 lit dung dich trén thi
bang cach tinh nhu trén ciing thu duoc két qua 1a: Sy thay d6i pH ciing chi 14 0,08 don
V.

c. Vai tro cua dung dich dém trong tu nhién

Dung dich dém c6 vai tro quan trong trong phong thi nghiém va trong cong
nghiép hoa hoc. N6 ¢6 kha ning duy tri pH dung dich 6n dinh dé phan tng tong hop
v co, tong hop hitu co dic biét 13 cac phan tmg sinh hoa chi dwgc thuc hién khi pH

dugc duy tri trong nhitng gidi han rat hep.

Trang 132/229



Vi dy, pH cua mau chi dugc dao dong trong khoang tir 7,0 dén 7,9; pH cua
nudc bot béng 6,8, con pH cua dich da day nam gitra 1,6 va 1,8. Cac h¢ dém co trong
mau: axit cacbonic va MHCO; (M = K, Na); NaH,PO, - Na,HPO,; Protein va natri
proteinat; Hemoglobin va kali hemoglobinat; Axit hiru co va mudi cua axit hitu co.
5.4.8. Sw thuy phén ciia mudi
a. Nhitng muéi bi thuy phén

Theo thuyét Brosned céc ion tao ra mudi déu 1a axit hay bazo. Vi vay, khi hoa
tan mudbi vao nudc cac ion ndy co thé twong tac duge vai nudc. Hién tuong nay duoc
goi 14 su thuy phéan cta mudi.

Chung ta xét sy thuy phan cua 4 loai mudi va xét phan tng thuy phan tao ra méi
truong gi.

e Mubi tao ra tir bazo manh va axit manh.
Mudi loai nay co cac mudi peclorat, clorat, nitrat, clorua, bromua, iodua ctua
céc cation kim loai kiém, kiém tho (trir Be), ho Lantan, ho Actini ...
Vi du: Hoa tan KNOj3 trong nudc c6 phan tng:
KNO; + H,0 >t HNO; + KOH
K"+ NO;” +H,0 $*f H"+ NO; + K"+ OH~
H,O P> H'™+ OH™
Moi truong 1a trung tinh, pH =7
e Mudi tao thanh tir bazo manh va axit yéu.
Cac mudi xianua, axetat, cacbonat, sunfua, photphat, fomiat ... ctia cation kim
loai kiém, kiém tho (trir be), ho Lantan, ho Actini.
Vi du: KCN, Ba(CH3COO),, Na,S, NazPO,4, Na(CH3;COO),
Vi du: CH;COONa+H,0 >t CH3;COOH + NaOH

CH3;COO™ + Na" + H,0 }** CH3;COOH + Na"+ OH~

CH; COO™ +H,0 >t CH3;COOH+ OH™

Moi truong bazo, pH > 7
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e Mudi tao thanh tir axit manh va bazo yéu
Pién hinh cta mudi loai nay la cac mubi peclorat, clorat, natri, clorua,
bromua, iddua ctia amoni va da sd cac kim loai & phia phai ciia bang hé théng tuan
hoan.
Vi du: NH4CI, BeBr,, AICl;, Fe(ClO);, CrCl; ...
Vi du: NH,4CI + H,O >t NH,OH + HCI

NH, + CI” +H,0 §*t NH,OH+H"+CI-
NH4" + H,0 3% NH,OH +H'

Moi trudng co tinh axit, pH <7
e Mudi tao thanh tir axit yéu, bazo yéu
Thudc loai nay c6 xianua, axetat, cacbonat, sunfua, ... cua cac kim loai & bén
phai bang hé théng tudn hoan va ctia mudi amoni. Vi du: Al,Sz Cry(SO4)s; NH,
CH3;COO, NH4CN ...
Vi du: Su thuy phan cua NH4 CH3COO:
CH3;COO NH,4 + H,0O >t CH3;COOH + NH,OH

CH;COO™ + NH,* +H,0 >t CH3;COOH + NH,OH

Phén g tao ra axit yéu, bazo yéu c6 pK,, pKp, xap xi nhau (4,75) nén moi
truong 1a trung tinh.
Phan ng tao ra axit c6 K, > Ky, thi moéi truong hoi axit. Phan trng tao ra bazo

c6 Ky, > K, thi moi truong hoi bazo.

b. Tinh pH ciia dung dich muéi.
e pH cua dung dich tao béi axit manh va bazo yéu.
Mudi loai nay bi thuy phan, méi trudg c6 tinh axit, vi vay pH cta dung dich

dugc tinh nhu pH dung dich axit yéu:

pH = -Ig /Ka C. (5.35)
Vi du: Tinh pH cta dung dich NH,C1 0,1M, biét pKypas = 9,23

1 1
H=-.923-—-1g0,1=5,11
P 5 5 g
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e pH cua dung dich tao bdi bazo manh va axit yéu.
Mudi loai nay bi thuy phin, méi trudng cé tinh axit, vi vay pH cua dung dich

duogc tinh nhu pH cta dung dich bazo yéu.

pH =14 +lg. /K, C, (5.36)
Vi du: Tinh pH ctia dung dich CH;COONa 0,1M, biét pK,, = 9,25

1 1
pH=14- -925- -.0,5=8,9
2 2

5.4.9. Chit chi thi mau axit - bazo
a. Khai niém

Chat chi thi mau thuong 1a axit hitu co hodc bazo hiru co yéu c6 mau bién doi
theo pH cua dung dich.
b. Pic diém

Dang phén tir va ion ctia chat chi thi mau c6 mau khac nhau.

Vi du: Phenolftalein 1a mot axit hitu co yéu ¢ cau tao phan tir phtrc tap duoc
ky hiéu HP.

HP +H,0 §*t H;0"+ P~

HP: Khong mau, P~ c6 mau d6 thim
[HP]

= (5.37)
[P]

pH =pK, - Ig

pK, 14 hing sb, khi ndng d6 HP gip 10 1an néng d6 P~ hodc nguoc lai thi
dung dich thay d6i 1 don vi pH, mau cia dung dich s¢€ thay ddi 1o rét.
Khoéang pH 1am chat chi thi thay d6i mau tir mau dang phéan tir sang mau dang

1on hoac nguoc lai goi 1a khoang chuyén mau.
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Bang 5.1: Gidi thi€u mdt s6 chét chi thi mau thong dung

pH
Tén chi thi
1123|456 |78 910111213 |14
3,1-4,4
Metyl do vang
da cam
4-6,4
Quy tim do ] xanh
tim
8-10
Phenolftalein | khong mau hoi d6 thim
hong

Metyl da cam chi nhan dugc moi truong tir axit. Phenolfralein chi nhan dugc
moi truong kiém, quy tim nhan dugc méi trudng axit va moi truong kiém.
5.4.10. Can bang trong dung dich chat dién li it tan. Tich so tan.
a. Xét dung dich chit dién li it tan

Khi hoa tan AgCl vao trong nudc ta ¢6 can bang:
AgCly 3>t Ag™ (@ + Cl (o)
v6i hang s6 can bang K =[Ag'][Cl™]
K phu thudc vao ban chit dién 1i it tan va nhiét do. K cang lon thi chit d6 tan
cang nhiéu va nguoc lai. K dic trung cho tinh tan ciia cac chat dién li, do d6 con duoc

goi 1a tich s6 hoa tan T.
AmBn) :At >t mA™+nB™
T=[A"]"[B™]" (5.38)

[A™], [B™ ] : ndng d6 mol/l cia cac ion A™ va B™

b. Quan h¢ giita dé hoa tan va tich sé tan
Xét can bang: AmB, i** mA™ + nB™
S (mol/l) mS (mol/l) nS (mol/l)
Taco T=[A"]".[B™]"=(mS)™.(nS)"=m™n"S™"
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T
=>S = mn 5.39
\lm’“nn (5:39)

Vi du: Trong dung dich AgCl c6 can bang: AgCls Ag* + CI~
S S S

T=[Ag"][CI"]=§°

S=T
MGdi lién hé gitta S va T khong giéng nhau d6i véi moi truong hop.
Vidu: CaF, } > Ca’" +2F"

S 2S
T=[Ca®][F ]’ = S(29)* = 45°

sﬁ
4

Vi du: Tinh do tan va tich sb tan cia PbCrO, biét réng & 20°C trong 100ml
dung dich bio hoa cta no6 c6 chua 4.10° gam PbCrO,.
Giai: Nong do Cy, ciia PbCrO,

-6
_ 4107 1000 _ 1,24 . 107 molll

M 100
(Mppcro, = 323,18)

CM:S

PbCro, 3 >* Pb** +Cr0,”
Do tan ciia Pb** va CrO,* 12 1,24 . 107 iong/l

T=[Pb*1[CrO,” ]=(1,24.107)>= 154 .10°%

c. Diéu kign tao thanh két tia va hoa tan két tiia
e Mot chat dién li it tan chi c6 thé két taa khi tich sd nff)ng do cac 1on cua no tinh
theo biéu thtrc (5.38) 16n hon tich s tan.
Vi du 1: Tron hai dung dich Pb(NO3), 0,01M véi KI 0,01M véi thé tich bang
nhau, c6 két tia khong ? Cho Tpp, =1,1.107.
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Giai: Khi trén hai chét c6 thé tich bang nhau nén ndng d6 céc ion trong hdn hop

[Pb?] = 0’701 = 0,005 = 5.10" mol/I

[17]= 0’701 = 0,005 = 5.10" mol/I

Tich s6 nong dd cac ion trong dung dich 1a:
[Pb*1[1"]?=(5.107) (5.10°)? = 125 . 10°°
Nhu vay, [Pb>][17]% > TPblz nén co két tua Pbl,

e Mubdn hoa tan mét chat dién li it tan phai lam cho tich ) néng do ion cua nd
nho hon tich s tan.
Vi du 2: Néu pha lodng dung dich KI 0,01M 100 lan véi dung dich Pb(NO3),
0,01M nhu trén c6 két qua khong ?
e N N _,_ 001 4 o a1
Giai: Khi pha lodang KI ra 100 lan, nong do = [I7] = m = 10™. Khi tron hai
dung dich véi thé tich bang nhau, ndng d6 cac ion trong hdn hop la:
~ 0,01 .
[Pb*] = T 0,005 =5 .10 mol/l

0,0001
2

Tich s6 néng d6 cac ion trong dung dich 1a:

[17]= =5. 10" mol/l

[Pb*1[17]° = (5.107) (5.10°)* = 125 . 10"

Nhu vay, [Pb][17]* < Ty, nén khong co két tua Pbl,

5.5. Dung dich keo
5.5.1. Nhirng tinh chit co ban ciia dung dich keo
a. Khdi niém dung dich keo
O phan trén ta da biét dung dich keo cé kich thudc cac phan tir phan tan trong
khoang 1 + 10nm. D¢ 1a nhiing tdp hop phén tir hay nhiing dai phan tir (protit, lipit,

gluxit) co thé di qua gidy loc thuong nhung bi giit boi nhitng vat liéu siéu loc
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(xenlophan, pecganen ...), khong ti sa ling va khong nhin thiy duoc bang kinh hién vi
quang hoc.
b. Kha nding hoat dong bé mdt ciia dung dich keo

Céac nguyén tir hay phan tr ndm trong 10ng chit bi hit ddng déu ¢ moi phia,
trong khi cac phan tir trén bé mat bi hat boi cac phan tir bén trong. Hién tugng nay tao
nén strc cing bé mit hay ning luong bé mit. Cac hé keo, do ¢6 do phan tan cao nén co
dién tich bé mat 16n va do d6 c6 ning lugng bé mit 16n.

Tinh hoat dong bé mat quyét dinh tinh bam dinh cua cac loai keo dan, tinh téy
rira ctia xa phong va chit tay rira tong hop, dién tich cta hat keo va nhiéu hién tuong
khéc.

c. Hién twong Tindan
Chiéu chum tia sing vao dung dich keo ta thiy xuit hién ving anh sing mo duc

trong dung dich c6 dang hinh non. D6 1a hién tuong Tindan.

Hinh 5.1. Thi nghiém hién twong tin dan

Nguyén nhan cua hién tugng Tindan la do cac hat keo c6 kich thudc 16n hon
nhiéu so véi kich thudc phan tir. Khi chiéu sang cac hat keo s& khuyéch tan anh séng
di moi phuong. Luc ndy hat keo tr& thanh ngudn sang thir cip. Hién tuong Tindan
dugc dung dé nhan biét dung dich keo. Trong thuc té, hién twong Tindan quan sat
dugc khi chiéu dén pha 1én bau troi ¢6 suong mu hay chiéu chum tia séng vao cin
phong c¢6 bui hay khoi.
5.5.2. Céu tao ciia hat keo

Hat keo cdu tao rat phuc tap. O gitta c6 nhin keo gém hang trim hodc hang
nghin phan tr. Bé mit riéng clia nhan keo rat 16n nén nhan keo c6 kha nang hap phu
manh va hip phu chon loc nhitng ion c6 trong thanh phan nhan keo ... Tuy theo loai

ion hap phy sé& thu dugc keo 4m hodc keo duong. Khi d6 nhan keo va 1ép ion bé sat
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mang dién va hat nhirng ion nguoc diu bao quanh (sinh ra 16p dbi ion) tao thanh hat
keo. Hat keo con hat nhiing ion nguoc ddu & xa hon (sinh ra 16p khuyéch tan) tao ra
misen keo. Misen keo trung hoa dién.
Vi du, phan mg trao ddi giira hai dung dich:
AgNO; + NaCl —— NaCl 4 + NaNO,
Tap hop nhiéu phan tir AgCl tao thanh nhan keo. Néu dung dich du ion Ag” s&
tao thanh hat keo duong:
{ m[AgCI] nAg" (n-x) NO, " xNO;"
_

— ——
nhan keo 16p hap phu
J

—
Y
hat keo
— __
——~—
misen keo

Néu néng do NaCl 16n hon néng do AgNOj; s€ thu dugc keo am co cAu trac
misen keo: { m[AgCI] nCl™ (n-x) Na" }*xNa"
5.5.3. Vai tro cua cac dung dich keo

Trang thai keo ctia vat chat rat da dang va rt phong phu.

Nhiing thanh phﬁn chinh cua co thé nhu mau, dich té bao, céc co, xuong, da,
toc déu chira chét keo.

Hau nhu tt ca cac thuc pham va cac hop phan cia ching (chat béo, protein,
gluxit) 13 cac chit keo. Nhitng thanh phan chinh ctia co thé nhu mau, dich té bao, cac
co, xuong, da, toc ... déu chira cac chit keo. Do do, viéc nghién ctru sinh hod lién quan
chat ch& véi viée nghién ctru cac chét ¢ trang thai keo.

Khoi, swong mu, khong khi bi 6 nhiém, nudc tu nhién, nudc thai ... nhitng hién
tuong gan lién voi moi truong séng ciing lién quan dén tinh chat vat 1i va hoa hoc cua
hé keo.

Nén lvu ¥ rang mau sic dep d& cua nhiéu d4 quy duoc tao nén boi trang thai
keo ctia mot s6 kim loai va cac chat mau trong cac tinh thé trong sudt duoc tao thanh
trong thién nhién. Keo déan, xa phong, chét tiy rira tong hop ... déu tao thanh nhiing hé
keo.

Nhu vy, viéc nghién ctru cac hé keo 1a c6 ¥ nghia ca vé phuong dién khoa hoc

cling nhu vé phuong dién thyc tién.
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CAU HOI VA BAI TAP

1. Ly thuyét

5.1. Do hoa tan ciia mot chat phu thudc vao nhiing yéu td nao?Thé nao 1a dung dich
bao hoa va dung dich chua bao hoa?

5.2. Nhiét do soi, nhiét d6 dong dic va ap suat hoi bio hoa ctia dung dich lodng chira
chét tan khong dién i, khong bay hoi khac dung mdi nguyén chit nhu thé nao?

5.3. Tai sao noi thuyét axit- bazo ciia Brosned - Lowry tong quat hon thuyét axit-
bazo ctia Arrhenius? Cho vi du?

5.4. Su thay phan ctia mudi 14 gi? Nhitng mudi nio bi thily phan 1 ? Cho vi du? Cach
tranh thily phan cia cac mudi? Cong thirc tinh pH ciia cac mudi?

5.5. Biét tich sb hoa tan cua chat dién 1i it tan c6 thé tinh duoc do hoa tan cia nd
khong? Méi lién hé d6 nhu thé nao?

5.6. Chon phét biéu dung:
250ml dung dich chtra 3g dudng c6 ap sudt tham thau 0,82 atm & khoi 12°C.
Khéi lwong phan tir caa duong 1a:

A 171 B. 34,2 C.171 D. 342

5.7. Chon phét biéu dung:
Hoa tan 6g mot chét tan khong dién li X vao 50ml nudc, nhiét o dong dac cua
dung dich 1a - 3,720C, hfing sb nghi¢m lanh ctia nudc 1a 1,86.

Khéi lwong phan tir cia X la:

A. 50 B. 60 C. 70 D. 80
5.8. Mot axit yéu c6 hang sb dién 1i K = 10®. Tinh d6 dién li o khi ndng d6 cua axit 1a
10 mol/l.
A. 0,001 B. 0,01 C.01 D.1

5.9. Do dién li 3 dung dich: CH;COOH 0,1M ; CH;COOH 0,001M va HCI dugc xép
tang dan theo day sau:
A. CH;COOH 0,1M < CH3COOH 0,001M < HCI
B. CH;COOH 0,001M < CH;COOH 0,1M < HCI
C. HCI < CH3;COOH 0,1M < CH;COOH 0,001M
D. CH;COOH 0,001M < HCI < CH;COOH 0,1M
5.10. Chon phat biéu sai:
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Trong cac tiéu phan NH,*, CO5*, HCO, ™, H,0, Na* theo thuyét Brosned:
A. Axit 13 tiéu phan: NH,"
B. Bazo 1a tiéu phan: CO5”
C. Trung tinh 1 tiéu phan: Na*
D. Ludng tinh 1a tiéu phan: H,0
5.11. Chon phat biéu dung:
Mot dung dich ¢6 [H*] bang 0,01 mol/l, pH va [OH™ ] ctia dung dich nay bang:
A.pH=3;[OH ]=10"M
B.pH=2;[OH ]=10"M
C.pH=2;[OH ]=10"M
D.pH=3;[OH ]=10"M
5.12. Chon phat biéu dung:
Do tan S clia BaSO, ¢ 20°C 12 1. 10° mol
Vay tich s6 tan ctia BaSO, tai nhiét do do:
A. 10° B.10° C.10™ D. 10"

2. Tinh ap suit hoi bio hoa, nhiét d6 soi, nhiét do dong diic ciia dung dich loing
chira chit tan khong bay hoi, khong dién li
5.13. 028°C, ap suat hoi nude 1a 28,35 mmHg. Tinh ap suit hoi cua dung dich  tao
thanh khi hoa tan 68g duong saccarozo C;,H»,04; trong 1000g nudce, tai nhiét do trén.
DS: 28,24 mmHg.
5.14. Ap suit hoi nudc bdo hoa ¢ 70°C bang 233,8 mgHg. O cung nhiét do nay ap suit
hoi ctia dung dich chira 12g chét tan trong 270g nudc 1 230,68 mgHg. Xac dinh khi
luong phan tir cia chat tan.
DS: M =60
5.15. Khi hoa tan 4,6g mdt chit khong dién li vao 250ml nudc thu duge mot dung dich
c6 nhiét do soi 1a 100,104°C. Xéc dinh khoi lugng phan tir cua chit do. Biét K0y =

0,52
DS: M =92

Trang 142/229



5.16. Xac dinh nhi¢t 4o dong dac va nhiét do soi cua dung dich duong C1,H»044, n(‘”)ng
d0 5%. Biét K, va K, clia nude 1a 1,86 va 0,52.

DS: ts=- 0,286°C
5.17. Khi hoa tan 3,249 luu huynh vao 40g benzen nhiét do soéi cua dung dich cua
dung dich ting 1én 0,81°C. Tinh xem trong dung dich nay, mot phén tir luu huynh
gdm may nguyén tir. Cho K, = 2,53

bS: Sg
5.18. Mot dung dich chtra 17,1g chat tan khong bay hoi, khong dién 1i trong 500g nuéc
dong dic ¢ - 0,186°C. Tinh phan tir khdi cua chét tan va nhiét do soi cia dung dich.

Cho Kd(HZO): 1,86 ; KS(HZO) =0,52

DS: M =342 ; t = 100,052°C
5.19. Trong 1 lit dung dich phai c6 bao nhiéu gam glucozo C1,H»,01; dé cho ap sut
tham thau ctia n6 bang ap suit thim thiu cta dung dich chira 3gam andehit focmic
HCHO trong 1 lit nudc & cung nhiét do.

bS: 18¢
5.20. Ap suat tham thAu mot dung dich chira 0,66g ure trong 250ml dung dich & 33°C
1a 836 mmHg. Xéc dinh phan tir khdi cia ure.

bS: M = 60,22

3. Tinh nong dd ion, pH, d tan, tich so tan
5.21. Tinh pH cua cac dung dich sau:
1. Dung dich HNO, 0,2M ; o = 4%
2. Dung dich NH3 0,01M ; pKy = 9,25
3. Dung dich NH,CI 0,1M ; pK;, = 9,25
4. Dung dich CH;COONa 0,1M ; Ky coon =1.7 - 107

5. Dung dich CHsCOOH 0,IM ; K¢y coon = 1.7 107

bS: 1.pH=2,097 ; 2.pH=8,375 ; 3.pH =2,875
4.pH =8,8785; 5. pH =2,885
5.22. Xéc dinh ndng d6 [H'] va [OH ] trong céc truong hop sau:
1. Dung dich c6 pH =4,5
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2. Dung dich c6 pH = 8,7
pS:  1.[H1=32.10"M;[OH]1=32.10" M
2.[H]1=5.10°M;[OH ]=2.10°M
5.23. Xac dinh hing s6 dién li cua axit HX, biét rang trong 1 lit dung dich d6 c6 chira
0,1 mol HX va 0,1 mol mudi NaX. Dung dich d6 c6 pH = 3,398. Gia thiét NaX dién li
hoan toan.
PS: K,=4.10™"
5.24. Trong dung dich ndng d6 0,1M, d6 dién 1i cua axit axetic bang 1,32%. O ndng do
nao cua dung dich dé @6 dién li cua nd bﬁng 90%.
PS: C=2,15.10"M
5.25. O 35°C, axit cloaxetic CH,CICOOH 0,5M c6 hing s6 dién li 1a 1,4 .10°. Hay
tinh:
1. B9 dién li cia dung dich CH,CICOOH 0,5M.
2. pH cua dung dich.
PS: 1.a=5,18.10%;2. pH = 1,59
5.26. Do tan ctia Pbl, & 18°C bang 1,5 . 10 mol/l. Hay tinh:
1. Ndng d6 cua ion [Pb*]va[l ]¢ 18°C.
2. Tich s tan cta Pbl,
3. Khi thém KI vao do tan cua Pbl, tdng hay giam. Tai sao ?
pS: 1.[Pb*]1=1,5.10%;[1"]=3.10°;2.T=1,35.10°
5.27. Tron 10ml dung dich AgNO3 0,01M véi 40ml dung dich NaCl 0,02M. Phan tng
c6 tao thanh két tua khong ? Cho Tagei = 1,8. 10,
DS: C6 tao thanh két tha

4. Bai tap tong hop:
5.28. Cho tich s6 tan ciia FeS ¢ 25°C 124.10%.

1. Tinh d6 hoa tan ctua FeS ¢ nhi¢t do nay?

2. Néu thém 0,1mol Fe?* vao 1(lit) dung dich bdo hoa FeS & cung nhiét do thi do
hoa tan cua FeS giam bao nhiéu 14n? Biét Tres khong doi.

DS: s =2.10" (mol/l); giam 5 lan
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5.29. Tinh pH cua céac dung dich sau:

1. KCN0,IM c6 K, =10"°;

2. CH;COOH 10™°M ¢6 o = 1,34%;

3. NH50,01M cé pK, =9,23;

bS: 1.9,5; 2.3,87, 3.10,615;
5.30. Cho dung dich NH; 0,01M ¢c6 Ky = 107

1. Tinh pH cua dung dich?

2. Néu thém vao 1(lit) dung dich NH; 0,01M mot luong 0,1mol NH,CI thi pH cua
dung dich 12 bao nhiéu? Coi thé tich dung dich khong bién d6i.

bS: 1.10,5; 2.8;
5.31. Cho biét tinh chit moi truong (13 axit, bazo hay trung tinh) cua cic dung dich

mudi sau:FeCls; Na,COs; (NH,),SO, ; NaCl
Giai thich bang phuong phap hod hoc (néu c6). Néu dung néng cac dung dich trén

thi pH ciia moi trudng thay do6i thé nao ? Biét ring mubi nao thuy phan duoc déu thu
nhiét.
5.32. Khi pha loang cac dung dich FeCls, Al,(SO4); va SnCl, thi thdy xuét hién két tia.

Giai thich nguyén nhan. Mudn tranh tao thanh két taa ta phai lam thé nao?
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CHUONG 6. PIEN HOA HQOC

6.1. Phan ung oxi hoa - Khiwr
6.1.1. Mot s6 khai niém
a. S6 oxi hod

S6 oxi hoa ctia mot nguyén tb trong hop chét 13 dién tich cta nguyén t6 d6 trong

phan tir ctia hop chét, gia thiét rang cac lién két trong phan tir déu 1a lién két ion.
Tir khai niém trén, nguoi ta quy udc vé cach tink oxi hod nhie sau:

- Céc nguyén t6 ¢ trang thai ty do thi s6 oxi hoa cta chung bang khong. Vi duy:
S6 oxi hoa ciia Na, Ca, Zn bang khong, s6 oxi hoa ciia O, O3 bang khong.

- Dbi véi cac hop chét jon thi s6 oxi hoa cua nguyén td bang dién tich cua ion
d6. Vi du: Trong hop chat CaCl, thi s6 oxi hoa ciia Ca 1a +2, ctia Cl1a -1.

- Déi voi cac hop chat cong hoa tri thi sd oxi hoa clia cac nguyén to bang dién
tich ctia cac nguyén tir. Vi du: Trong H,0, s6 oxi hoa ctua H 1a +1, cua O 1a -2, con
trong F,O s oxi hoa ctia F 1a -1, ctia O 1a +2.

- Trong da s6 cac hop chét ta ap dung quy tic sau: Tong dai sé cac sd oxi hoa
clia cac nguyén to trong mot tiéu phan (phan tir hodc ion phirc tap) bang dién tich cia
tiéu phan.

Vi du: S6 oxi hod Cr trong ion Cr,0,2% 14 - 6.

Nhu vay, khai niém: "sd oxi hod" chi co tinh chat hinh thirc, khong dac trung
cho trang thi thyc ctia nguyén t6 trong phan tir nhung van c6 nhimng y nghia thyc té
nhat dinh.

b. Phan wng oxi hod khu:

Duya vao sy thay doi s6 oxi hoa ctia cac nguyén td trong cac chat tham gia phan
g c6 thé phan chia phan tmg hoa hoc ra thanh hai loai:

- Phan itng trao doi : 1a phan tmg trong d6 khong co su thay doi s oxi hoa cua
cac nguyén tb

-Phan vmg oxi hod - khir: 1a phan tmg hoa hoc trong d6 sé oxi hod cia cic

nguyén to bi thay doi.
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Trong phéan (mg oxi hod - khir bao gid ciing gdm hai qua trinh: qué trinh oxi
hoa (su oxi hod) va qud trinh khir (su khr).

Qud trinh oxi hod mot chat: la mot qud trinh lam ting sé oxi hod ciia cdc
nguyén to ¢ trong thanh phan ciia chat do.

Chat ma trong thanh phan cta nd co cac nguyén tb ting s oxi hoa goi 1a chat
khur.

Qud trinh khir mot chat: la qud trinh lam gidm sé oxi hod ciia nguyén té trong

thanh phan ciia chat do.

Chat ma trong thanh phan cua né c6 nguyén té gidm so oxi hoa dugc goi

la chat oxi hoa.

Giam so oxi hoa

Tang s6 oxi hoa

Chét oxi hoa Chét khir

Vi du: Béi véi phan tng:
2MnO; + 10CI" +16H" — 2Mn** +5Cl, + 8H,0
Chatoxihod  Chétkhi

Qua trinh oxi hoa: 10CI™* - 10e — 5CI,°

Qué trinh khir Mn*’0, + H' +5e - Mn** +4H,0

Phan tng tong cong:

2Mn*"+ 10CI*  +16H" — 2Mn** +5Cl, + 8H,0

Trong mdi phan ng, qua trinh oxi ho4 va qua trinh khir duoc goi 1a hai nira
phén tmg. Khi cdng hai nira phan tng ta s€ dugc phan tng oxi hoa - khtr.

Trong qué trinh khir, chat oxi hoa chuyén thanh chat khir. O qua trinh oxi hoa,
chat khir bi oxi hoa chuyén thanh chat oxi hoa. Chat oxi hoa va chét khir cia ciing mot
qua trinh hop thanh mét cap oxi hoa - khuw. (ki hiéu la: Ox/ Kh)

Vi dy: Trong phén tng trén ¢6 2 cip oxi hoa - khtr 1a: MnO,/ Mn* va Cl,/ 2CI

Néu dang oxi hoa Ox; ctua mét cip (Ox/ Kh); oxi hoa dang khir cua cip
(Ox/Kh), ngudi ta viét phuong trinh phan g oxi hoa - khir dang tong quat:

Ox; + Kh, - Kh; + Ox,
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Nguoi ta dd ching t6 rang: Trong phdn ting oxi héa- khit, su thay doi sé oxi
héa ciia cdc nguyén t6 xday ra do s chuyén cdc electron hodc chuyén cdc nguyén tir tir
phdn tir nay dén phan tir khdc.

6.1.2. Can bing phwong trinh phan tng oxi hoa - khir

C6 nhiéu phuong phap can bang phwong trinh phan tng oxi hod - kht, & day ta
ap dung hai phuong phéap phd bién:

- Phuong phap can bang sé oxi hoa

- Phuong phap ion — electron
a. Phwong phdp cin bang sé oxi hod

Phuong phap nay dua vao quy luat 1a trong phan tmg hoa hoc, néu nguyén tb
nay ting sd oxi hod thi nguyén té khac giam sb oxi hoa. Tong dai s cac do bién thién
sd oxi hod trong mot phan tng bang khong. Do d6 tim duoc hé sé cho chit oxi hoa va
chat khir. Tiép d6 can bang sd nguyén t& & hai vé s& tim duoc dy du cac hé sb.

Vi du: Can bang phuong trinh phan tng sau:

KMnO, + FeSO,4 + H,SO, — Mn SO, + Fe; (SO,)3 + K,SO4 + H,O - (a)

Trong phan tng chi ¢6 ion Mn va Fe thay d6i s6 oxi hoa. Do bién thién sb oxi
hoa cua sit 13 1 don vi, cia Mn 1a 5 don vi. Boi sd chung nho nhét cua cua do bién
thién s6 oxi hoa 1a 5 do d6 hé s6 KMnO, 14 1 va ctia FeSO, 13 5.

1| Mn*" — Mn*
5| Fe? — Fe®
Tir phan Gng trén ta thiy: Mn"’ 1a chét giam sé oxi hoa, Fe* ting sb oxi ho4. Do
d6, KMnOy 14 chét oxi hod, ctr 1 mol nguyén tir Mn*” thay ddi s6 oxi hoa doi hoi Smol
nguyén tir Fe*?, do d6 c6 thé viét dugc phuong trinh:
Mn*"+ 5 Fe*? > Mn*? + 5 Fe*® (b)

Trong phuong trinh (a) c6 hai nguyén tir Fe nén ta phai nhan doi cac hé sé cia

cac chat trong phuong trinh (b)
2Mn*" + 10Fe™ — 2Mn*? + 10Fe™

Dién hé s vao phuong trinh (a) ta duoc:

2KMnO, + 10FeSO, + H,SO4 — 2Mn SO, + 5Fe, (SO4); + K,SO,4 + H,O

Tiép theo tim hé sb con lai bang cach can bang cic nguyén tir ciia cac nguyén td

khac va cudi cung la can bang cac nguyén tir hidro va oxi.
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2KMnO, + 10FeSO, + 8H,S0, — 2Mn SO, + 5Fe; (SO,); + K,SO,4 + 8H,0
Nhu thé, phurong phap can bang s6 oxi hoa vé cin ban giéng phuong phép thing
bang electron.
b. Phwong phdp ion - electron
Phuong phadp nay dya trén viéc 1ap nhitng phuong trinh riéng ctia cac qua trinh
khtr va qua trinh oxi hod, sau d6 cong ching lai ta dugc phuong trinh phan ng oxi
hod - khtr. Mudn véy can lap so d6 ion cua phan Gng theo quy tic: Viét cac chat dién li
dudi dang ion, cac chét dién li yéu, cac chat khi hodc chit két tiia dudi dang phén ti.
Cac ion khong thay d6i trong qua trinh phan tmg khong duoc dua vao so dd ion.
Vi du: Can bang phuong trinh phan tng:
KMnQO,4 + HCI — MnCl, + Cl, + KCI + 8H,0
So d6 ion clia phan tng:
MnO, + CI'+ H" — Mn*" +Cl, + H,0
Phuong trinh phan ng riéng ctia qua trinh oxi hoa ion CI la:
2CI'—> Cl, + 2e
Dé 1ap phuong trinh riéng cua qué trinh khir ion MnO,4 thanh ion Mn®" ta cén
thém ion H* dé lién két véi oxi tao thanh nude va dé can bang dién tich, ta phai cong
thém 5 electron vao vé trai ctia phuong trinh:
MnO, +8H"+5¢ — Mn®* +4H,0
Pé tim cac hé sd chinh cua phuong trinh tong cong cin phai nhin nhiing
phuong trinh riéng véi cac hé sb sao cho tong s electron chat khir mat di phai bang
tong electron ma chat oxi hoa thu vao.
5 2CI" — Cl, + 2e
2 | MnO; + 8H" + 58 — Mn"? + 4H,0
2MnO, + 10CI" + 16H" — 2Mn** + 5CI,T+ 8H,0
Cubi cing ta can bang cac nguyén tir khong tham gia vao qua trinh oxi hoa va
qua trinh khir nhur ion K* va CI' ta duoc:

2KMnO, + 16HCIl — 2MnCl, + 5Cl,T+ 2KCI + 8H,0
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Can bang phuong trinh oxi hod - khir theo phwong phap ion - electron uu viét 1a
khong can biét chinh xac sd oxi hod clia cdc nguyén td, phan anh diy du hon, r6 rang
hon diéu kién xay ra phan tng oxi hoa - khr.

Tuy nhién, phuwong phap nay bi han ché 1a chi ap dung duoc cho qua trinh oxi

hoa khtr caa cac 1on.

6.2. Nguyén tic bién hoa ning thanh dién ning

Trong phan g oxi hod - khr, thong thuong electron chuyén truc tiép tir chat khir
sang chit oxi hod va ning lugng ctia phan tng hoa hoc bién thanh nhiét.

Vi du: Phan tng:
Cu** +2Zn — Cu+zZn* AH%gs = - 230,12K J/ mol.

Néu béng cach nao do ta thuc hién su oxi hoa Zn & mot noi va khir ion Cu® & mot
noi khac va cho electron chuyén dong tir Zn sang ion Cu? qua mdt day dan nghia 1a
cho electron chuyén dong theo mot dong nhat dinh thi ning lugng cia phan Gng hoa
hoc s& bién thanh dién ning. P6 1a qué trinh xay ra trong pin. Pin Paniel- Jacobi gdm
mot cuc 13 thanh kém nhing vao trong dung dich ZnSO, va mdt cyc 1a thanh dong

nhung vao dung dich CuSOa.
e ___ Dung dich

KCl| bao hoa

Dun_ dich
~ CuSOy4

Dung dich = [--
ZnSOy, -

Hinh 6.1. So d6 pin kém- dong

Hai dung dich ndy dugc ndi véi nhau bang mot ong chira dung dich KCl béo
hoa. Khi ndi dién cuc kém véi dién cuc déng b?mg mot soi day dan ta sé& théy mot
dong dién chay tir cuc dong sang cuc k&m.

Trong qua trinh hoat dong cua pin, dién cuc kém bi mon dan, dién cuc déng duoc
day thém nghia 1 trén dién cuc kém x4y ra sy oxi hoa kém.

Zn - 2e =7Zn*
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Trén cuc dong da xay ra su khir ion Cu®*
Cu**+2 =Cu
Ning luong cua phan tng Cu?* + Zn = Cu + Zn** di bién thanh dién ning.
Vay, muén bién hod nang thanh dién nang ta phai thyc hién sw oxi hod o mot noi
va sw khir ¢ mot noi va cho electron chuyén tir chat khir sang chat oxi hod qua mét day

dan. D6 cling chinh 13 nguyén tic hoat dong cuia moi pin va acquy.

6.3. Thé dién cuc
6.3.1. Ciac loai dién cuc — thé dién cuc
a. Dién cwc kim logi

Khi nhiing thanh kim loai M (khong phai kim loai tro va khong phan (ing manh
v6i nude) vao dung dich mudi cia né (dung dich chira ion M™) thi giira bé mit kim
loai va 16p dung dich bao quanh no phat sinh 16p dién tich kép dan dén mot dién thé

can bang. Pién thé nay duoc goi 1a thé dién cuc kim loai

,l/ Kim loai M

B I
- ] i
—— 4 - —}4+——1— Dung dich M"

e - - — - -

Hinh 6.2. Lop dién tich kép ¢ ranh gidi kim loai va dung dich
Vi du: nhung thanh kim loai Zn trong dung dich ZnSO,.
bién cuc kim loai dugc ky hidu la M | M™
Phan tng dién cuc duoc viét nhu sau:
M™ +ne > M

Khi do trén bé mat dién cuc xuat hién mot thé dién cuc Eoxnkn

E =E°

Mn+ /M Mn+ M

RT, o
+T2InM™] - (6.1)

E° 1a thé dién cuc chuén, dugc xac dinh trong diéu kién [M™] = 1M

MMM

Trang 151/229



b. Dién cwc oxi hod - khir
bién cuc oxi hoa - khtr gém mot thanh kim loai tro (Pt hay Au) hay thanh chi

nhung trong dung dich chtra ca dang oxi hod va dang khir cia cdp oxi hoa - khir. Hi¢u
dién thé can bang phat sinh giita bé mit dién cuc tro va 16p dung dich bao quanh dién
cuc duoc goi 1a thé dién cuwc oxi hod - khir (thudng goi tat 1 thé oxi hoa - khir). Tri s6
thé oxi hoa - khtr phu thudc vao kha ning nhan electron ciia dang oxi hoa va kha ning
nhuong electron cua dang khir, nhiét do, néng do cua dang oxi hod va dang khur &
trong dung dich.

bién cuc oxi hoa - khir dugc ki hiéu 1a: Pt | Ox, Kh

Phan trng dién cuc duoc viét nhu sau:

OXH +ne — KH

Khi d6 trén bé mat dién cuc xuat hién moét theé dién cuc Eoxnkn

_ RT, [OXH]
EOXH/KH _E(C))XHIKH F In W (62)
Edu 12 thé dién cuc chuan, dugc xac dinh trong diéu kién [C[JKXHH]] -

Vi du: Dién cuc oxi hod - khir c6 ki hiéu la Pt \Fe+3, Fe*? gdm mot thanh platin nhiing
trong dung dich chira dong thoi ca 2 ion Fe*va Fe* nghia 1a chira cdp oxi hoa - khir
Fe™/ Fe*.

Phan tng ¢ dién cyc la: Fe™+e — Fe*?

Déi vé6i dién cuc oxi hoa - khir ki hiéu 1a Pt | MnO,’, HY, Mn?* thi phan Ung ¢
dién cuc xay ra nhu sau:

MnO, +8H" +5e — Mn** + 4H,

c. Dién cwce phi kim

Dién cuc phi kim gdm mot tam phi kim nhung vao dung dich chta ion ctia né va
hiéu dién thé can bang phat sinh gitta bé mdt phi kim va I6p dung dich bao quanh phi
kim duoc goi la thé dién cuc.

Pién cuc phi kim duoc ky hiéu 1a: X| X" va phan tng & dién cuc duoc viét nhu
sau:

X +ne — XV

Khi d6 trén bé mat dién cuc xuat hién mdt thé dién cuc Egqxpkn
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+Eln X]

E,.. =E 6.3
X/IX XIX nF [X n_] ( )
E . 13 thé dién cuc chudn, dugc xéc dinh trong didu kién Lo = 1
[X™]

Vi du: Dién cuc Selen dugc ky hiéu l1a Se| Se”
Phan ung xay ra ¢ di¢n cuc nhu sau: Se +2e — Se*
d. Dién cuc khi
Dién cuc khi thuong gdm mét thanh platin c6 phit mot 16p platin x6p duoc hap

thu khi trén bé mat va nhung trong dung dich chira ion ctia chat khi do.

Vi du: Dién cuc hidro

Hinh 6.3. Dién cuc hidro
Phan tng ¢ dién cuc nhu sau:
2H" +2¢ — H,
Khi do trén bé mat dién cuc Xuat hién mot thé dién cuc Eoxn/kH

+72
E . =E9 +ﬂln[';—] (6.4)

2H'H, T T2H'M,  pF ]
2

Khi ap suét cua khi hidro béng lat, nhiét do 298K, néng do H trong dung dich
bang 1mol/ lit ta dwgc dién cuc hidro chudn. Thé dién cuc hidro dugce quy udc bang 0.
E° =0V

2H*IH,
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6.3.2. Thé dién cuc chuin

Hiéu dién thé can bcing xay ra o cac dién cuc (hay duoc goi la thé dién cuc)
dwoc biéu thi bang Von (V). Dé x4c dinh thé dién cuc chuan cua mot dién cuc ngudi ta
thiét lap mot pin gém dién cuc chuin can xac dinh thé dién cuc va dién cuc hidro rdi
do hiéu sb dién thé 16n nhat giita hai dién cuc. Hiéu sé dién thé I6n nhdt nay la thé
cure chudn cua dién cuc can xdc dinh hay con goi la thé khir chudn (vi thé cua dién cuc
hidro chuin duoc quy udc béng 0,00V) Thé khir chuén duoc ki hiéu 1a E°(ox/kh).

o Thé dién cuc tiéu chuan cia dién cuc nao cang nho tri s6 dai sé thi dang khwr cua
no hoat dong cang manh con dang oxi hoa cua no hoat dong cang kém va nguoc lai.

Vi dy: Thé dién cuc tiéu chuan cua Na rat nho (-2,714V) nén kim loai Na (dang
khtr) hoat dong rat manh.

Na- le —» Na* rit dé
Nhung ion Na* (dang oxi ho4) thu electron rat kho
Na"+ le — Na
o Cap oxi hoa - khw nao co thé dién cuc tiéu chudn I6m thi dang oxi hoa cua no
¢ thé oxi hod dwoc dang khir cua cap co thé dién cuc tiéu chuan nhé hon.
Vi du:
E%2n2+120 = -0,76V; E°ag*/ng = -0,779V
lon Ag* ¢6 thé oxi hod kém kim loai:
Zn + Ag* — Zn** +Ag
T nhan xét nay co thé suy ra: Chi nhitng kim logi nao co thé dién cuc tiéu chuan
nhé hon khéng méi day dwoc hidro ra khéi dung dich axit lodng.

Vi du: Zn c6 thé day dugc hidro ra khoi dung dich axit HCI nhung Cu khong
thé day duoc.

6.3.3. Cac yéu t6 anh huwéng dén thé khir cia mot ciip oxi hoa - khir

Xét cdp oxi hoa - khir:

aOx +ne — bKh

TR, [0%

E =E° +—1 6.5
(Ox/Kh) Ox/Kh nF [Kh]b ( )

& 25°C (298K):
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0.059, [Ox]
Ig .
N [Kh]

(6.6)

_ 0
EOx/Kh - E Ox/Kh

Cong thirc (6.5) 13 cong thic Nernst biéu thi anh huong ciia ndng do dén thé khir
cua mdt cdp oxi hoa - khir.

Vidu: Thé khir cla cip oxi hoa - khir:

Cu™ + 2 = Cuy
+ + 0,059 +
E Cu2 Icu = EOCu2 jcu T T Ig[Cu2 1

Vi dy: Thé khir ctia cdp oxi hod - khu:

MnO, + 5e + 8H,0" = Mn* + 12H,0
- e 0,059 [Mno, J[H.0 T
MnO,~/Mn2* MnO,~/Mn?* 5 [an*}

6.4. Chiéu va hing sd cin bang ciia phan ving Oxi hoa - khir trong dung dich nuwéc
6.4.1. Chiéu ciia phéan vng
Trong dung dich nudc, chiéu ctia phan tmg oxi hod - khir dya vao thé dang ap -
dang nhiét AG:
AG = -nFE (6.7)
Trong d6:  F: Hang s6 Faraday,F = 96500 C/mol.
n: S6 electron trao ddi giita chat khir va chat oxi hoa cta phan
ung.
E = Eoxn - Exn
Pé phan tmg Ox; + Kh, — Kh; + OX, xay ra theo chiéu thuan thi AG < 0
nghia la: E> 0
Néu phan tmg xay ra trong diéu kién chuén, thi AG® =- nFE®

r: 0 — =0 0
vo1 E _EOXH_E KH

Vi du 1: Phan tmg dudi diy xay ra theo chiéu nao?
Zn(tt) + Cu2+ — Zn2+ + CU(“)
E®202+/20 = -0,76V; E’cy2+,c, = 0,34V
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Giai: E= E%2+cy - E%n2+z0 =1,1(V)>0
— AG’ < 0 — phan tng xay ra theo chiéu thuén.
Vi du 2: Phan tmg dudi day xay ra theo chiéu nao ¢ diéu kién chudn 25°C?
Cug + Zn* — Cu™ + Zny
Giai: AG® = - 2. 96500. (- 0,76 - 0,34) > 0.
Vay phan mg trén xay ra theo chiéu nghich.
Chu y: Néu phan ung ¢ diéu kién khac diéu kién chuan, phai dung cong thirc
(6.11).
Vi du 3: C6 phan tng sau:
Fe?* +Ag" — F&* +Aqg.
a) Cho biét chiéu cua phan Gng ¢ didu kién chuin 25°C?
b) Mt dung dich c¢6 chira Fe(NO3)30,1M ; Fe(NO3), 0,01M; AgNO; 0,01M va
Ag kim loai du. Phan tmg x4y ra theo chiéu nao?
Giai:
a)AG = -1.96500 (0,80 - 0.77) <0 —> phan tng theo chiéu thuan.
b)Ap dung cong thirc (6.11)
AG =-1.96500 [E%gt/ag - E’re3+pe2+ 1=

0,059

0 _ _
E® g 1ng = 0,80+ =10,01=0,68V
e 20,77+2%95 0% g g3y
(Fe® s Fe) 1 70,01

— E%g*ing - E’re3+me2+ = 0,68 - 0,83=-0,15V
— AG = -96500.( - 0,15) > 0 — phan tng xay ra theo chiéu nghich
6.4.2. Hang s6 cAn bang cia phan @ng oxi hoa - khir

Tir cong thire: AG? = - nFE® = - RTInK

— n.E° :EInK (6.8)
F
O 25°C tré thanh:
nE°
'9K= 3059 (6.9)
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nla sb e trao ddi trong phan ung, E°= EOOXH — EOKH
Viduy: Tinh hing s6 cin bang & 25°C cua phan Ung:
Fe** +Ag" — Fe* +Ag
Giai:
1(0,8-0,77
X )

=0,058
0,059

— K=3,22

6.5. Pin va ac quy
6.5.1. Khai niém

Giéng nhau: Pin va acquy déu duge ciu tao tir hai dién cuc co dién thé khac
nhau, dugc nhing vao mot hay nhiéu dung dich chat dién li. Néu hai cuc nhing vao
hai dung dich dién i khac nhau thi phai dugc ngin bang miéng xSp hay ndi v6i nhau
bang cau mudi.

Khac nhau: Phan g xay ra trong pin chi xay ra theo mot chiéu (phong dién)
con phai Gng xay ra trong acquy c6 thé xay ra theo chiéu nguogc lai khi co tac dong cia
dong dién bén ngoai (nap di¢n).

So dd céu tao:

- Néu hai cyc dugc nhung vao hai dung dich dién 1i khac nhau:

(+) DCy| ddy || dd, [DC, (-)
Vi dy pin Zn-Cu: (+) Cu| CuS0O, 0.5M || ZnS0O, 0.1M | Zn (-)
- Néu hai dién cuc duoc nhiing vao cing mét dung dich dién li:
() BC; I dd| BC,(-)
Vi du acquy chi: (-) Pb | H,SO, 1M | PbO, (+)
6.5.2. Suit dién dong caia pin dién hoa
a. Dinh nghia

Sudt dién dong cua pin la gia tri (tri tuyét dél) ctia hiéu s6 dién I6n nhat gitta

hai dién cyc cua pin. Cong thirc tinh siec dién dong cua pin:
E=E,-E.>0 (6.10)
E : Stic dién dong cua pin, (V)

E., :Thé dién cuc cua dién cuc duong, (V)
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E. : Thé dién cuc cua dién cuc am, (V)
Néu pin dugc cAu tao bai 2 dién cuc & diéu kién chuén thi sut dién dong la chuin
va duoc xac dinh:
E°=E.°-E%.>0 (6.11)
Vi du: Dbi véi pin Cu - Zn, & diéu kién tiéu chuan la:

E=034-(-0,76) = 1,1V

b. Cdc yéu té anh hwéng dén sudt di¢n dpng ciia pin: (Cong thic Nernst)
Xét mot pin sau: (<) Pt|Sn**, Sn*" || Fe®*, Fe**| Pt (+)
Phan ung xay ra trong pin khi lam viéc:
Sn** + 2Fe*" — Sn*" + 2Fe®
Gia su pin lam viéc mot cach thuan nghich, nhiét dong hoc & ap suit va nhiét do
khong d6i thi sy bién thién thé dang ap AG bang cong c6 ich 16n nhét (cong dién) ma

pin c6 thé thuc hién va dugc tinh bﬁng biéu thirc:

AG = —nFE - E = 22 (6.12)
nk
Trong do: F: Hang s6 Faraday,F = 96500 C/mol.

n: sb electron trao do6i gitta chat khir va chat oxi hod ciia phan
ung trong pin.
E: Suat dién dong cua pin (V), E> 0

Néu pin dugc cAu tao boi hai dién cuc ¢ diéu kién chuan thi:

0
AG’ =—nFE° - E° = AG
nF

(6.13)

Suat dién dong cua pin duoc tinh theo cong thirc:

2+ 3+ 72
TR |:Sn ]|:Fe ]
E=E°+—1In .
Fsn* ][ Fe* |
Mot cach tong quat: Néu phan tmg xay ra trong pin nhu sau:
aA + bB — cC +dD
A,B, C, D 1a nhirng chat tan trong dung dich (c6 thé dang ion) thi
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E=E°+—1In [d (6.14)

Néu nhiét dd T = 298K thi:

_po, 0059 [A] [B]’

- w9 cFio] (6.15)

Céng thirc (6.8) la cong thire Nernst vé dnh hudng ciia nong dé va nhiét do dén
sudt dién dong cua pin dién hoa.
Vi du: Cho pin thiét 1ap & 25° C.
() Zn|ZnSO,0,01M || Pb(NO3) 0,001M | Pb (+)
Viét phuong trinh hdéa hoc ctia cac qua trinh dién cyc. Tinh stc di¢n dong ctua
pin khi pin lam viéc? Biét:
E°2n2+/20 = 0,76V * E%pp2+p, = -0,13V
Giai
Céc qua trinh dién cuc:
¢ anot: Zn - 2 —> Zn*

&catot:  Pb> + 26 —— Pb

suy ra phan tng trong pin 1a:  Zn + Pb?* —— Zn** + Pb

0,059, C,..
viy Epozm =E. - E =E° + g2

2 CZn2+
:—0,13+0,76—%259 = 0,50 (V)

6.5.3. Gi6i thiéu mot s6 loai pin va Acquy
a. Pin mangan - kém (pin kho)

La loai pin quen thudc thong dung nhét hién nay. Catot 1a mot 15i than chi(1),
bao quanh 13 hdn hop MnO, va bot than chi (4) (bot than chi lam ting do dan dién).
Tiép theo 14 16p chat dién giai & dang hdn hop nhdo gdm: NH,CI, ZnCl,, H,O va tinh
bot (3). Ngoai ciing duoc bao bdi anot ché tao tir kém 14 (2) (hinh 6.4.)
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Hinh 6.4. So d6 cdu tao pin Mn-Zn
So do cdu tao don gian cia pin:
(-) Zn| NH,CI | Mn0,,C (+)

Khi pin hoat dong, & anot xay ra sy oxi hoa:

Zn-2e — Zn**
O catot xay ra sy khu:
2MnO, + 2NH," + 2e - Mn,053 + 2NH; + H,0
Phan ung khi pin lam viéc la:
Zn + 2MnO;, + 2NH," — Zn?* + Mn,05 + 2NHs + H,0

Phuong trinh tinh swc dién dong cua pin la:

2+ 2
—0 0 RT, [Zn""]Py,. [H,0]
EPin _EMnOZIanoa -EZn2+/Zn+ oF In [NHZS]Z

Dién thé cua pin la 1,5V. Pin dugc dung trong radio, den pin, dd choi.

Loai pin nay c6 uu diém 1a ré, sach, nhiéu kich ¢&. Nhuge diém ctua pin la NHj3
duoc tao ra c6 thé 1am ngit mat dong, thoi gian song ngan.
b. Pin kiém

Pin kiém ciing 14 pin khd quan trong. CAu tao cua pin ciing twong ty nhu pin
mangan - kém, chi khac chét dién giai 1a KOH.

Khi pin hoat ddng & anot Zn bi oxi hoa:

Zn+20H — ZnO + H,0 + 2e
o catot MnO, bi khit:
MnO, + 2H,0 + 2e - Mn(OH), + 20H ~

Dién thé cua pin 14 1,5V. Pin kiém ciing duoc sir dung nhu pin mangan -

k&m. Uu diém cua pin 1a khong bi ngit dong, thoi gian sdng 14u hon, sach, nhiéu kich
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¢&. Dét hon pin mangan - kém.
C. Pin thuy ngdn va pin bac
Pin thuy ngin va pin bac rit gidng nhau. C4 hai déu dung anot 13 k&m trong moi
truong bazo va catot lam thép. Pin thuy ngan dung HgO 1am chit oxi hoa con pin bac
ding Ag,0. Cac chat phan tmg ran dugc ngin cach véi KOH bai 16p gidy 4m lam cau
mudi.
Trong khi pin hoat dong, & anot say ra sy oxi hoa:
Zn+ OH — ZnO + H,0 +2e
O catot xay ra sy khu:
- P6i voi pin thuy ngan: HgO + H,0 + 2e — Hg+ 20H"
- P6i v6i pin bac: Ag,0 +H,O0+2e — 2Ag+20H"
Phan tng tong hop dbi véi pin thuy ngan:
Zn + HgO — ZnO + Hg Epin = 1,3V
Phan ung tong hop dbi véi pin bac:
Zn + Ag,0 — ZnO + 2Ag * Epin = 1,6V
Pin thuy ngan duoc dung trong dong hd, may tinh. Loai pin ndy c6 kich thudc
nhd, thai ra thuy ngan ddc hai.
Pin bac dugc dung trong may ghi hinh, may trg tim, may trg thinh. Pin bac c6
kich thudc nho, dién thé on dinh, khong doc nhung dit.

d. Ac quy chi

Chan cuc
// ‘ L4 cuc duong
/ 7 7 L& cach

':"/:‘ /

3

I La cuyc am

i

AT+

‘Oiao

Hinh 6.5. So' d6 cdu tao acquy chi

Anot ciia dc quy dugc ché tao tir cac tdm ludi chi phil kin boi chi xbp, Catot
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cling duogc 1am bang tdm luéi chi nhung lai pha kin PbO,. Ca hai cuc dugc nhing
trong dung dich axit H,SO,4 lodng.
So db céu tao cua dc quy chi:
(-)Pb| H,S04 | PbO,(+)
Khi dc quy lam viéc (phong dién), & anot xay ra qué trinh oxi hod chi:
Pb + SO,* — PbSO, + 2e
(Pb — Pb* + 2e)
O catot xay ra qua trinh khtr chi dioxit:
PbO, +2e + H,S0, +2H" — PbSO, + 2H,0
(PbO, +2e — Pb*)
So dd phan g tong cong:

phong dién
Pb +PbO, +2H,SOy ———> 2PbSO, + 2H,0
Céc electron chuyén dong tir chi (¢ anot) sang chi dioxit (& catot) theo mach

ngoai tao thanh dong dién, con mach trong (trong dung dich H,SO,) cac ion SO,
chuyén vé anot va cac ion H;O" chuyén vé catot.

Suat dién dong cua dc quy chi bang 2V, khi mac ndi tiép cac ngin ac quy chi
v6i1 nhau ta s€ dugce cac dién ap can thiét (6V, 12V).

Vi cac phan tng & mdi dién cuc déu tao thanh chat PbSO, kho tan, két tua trén
dién cuc, nén cuc duong va cuc am déu bién thanh nhing tm luéi chi phi 16p PbSO,
x6p. Nong d6 H,SO, giam di. Pién ap bi tut xuéng dé ac quy hoat dong trd lai can
phai nap dién.

Khi nap dién, & cac dién cuc xay ra cadc phan rng ngugc voi phan ing da néu &
trén:

O cuc am (anot)
PbSO, + 2e + 2H" — Pb + H,SO,
(Pb* + 2e — Pb)

o cuc duong (catot)

PbSO, + SO, +2H,0  — PO, + 2H,S0,
(Pb* - 2e — Pb*)
So d6 phan tmg chung 1a:
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nap di¢n
2PbSO, + 2 HZO’ — Pb + 2H,S0O, + PbOzr
Qua trinh nap dién dugc tién hanh cho dén khi toan by PbSO, bién thanh Pb.

Khi d6 dén luot H* bi khir.
2H"+2e > H,

Va nudce bi oxi hda: 2H,0 + 4e —» O, + 4H"

Bot khi H, va O, thoat ra khoi dung dich tao thanh bot lam dc quy séi & cubi
giai doan nap dién.

Sau khi dugc nap di¢én, cyc am cua ac quy lai tr¢ thanh tam Pb xép, cuc duong
clia dc quy tré thanh tim PbO, xbp, nong d6 H,SO, tré vé gia tri ban dau, va dc quy
hoat dong tr¢ lai.

Nhu vay, dc quy chi va pin giong nhau la déu nho phan tmg oxi hoa - khir & cac
dién cuc ma ta dugc dong dién mot chiéu, nhung dc quy khac pin 1a nguoi ta ding
dong dién mot chiéu 1am cho cic phan tng oxi hoa - khir & cac dién cuc xay ra nguoc
v6i chiéu tu dién bién ctia chung, nghia 1 d4 bién dién ning thanh hoa ning.

Nhu thé, nguyén tic hoat dong ctia dc quy chi 13 dira vao hai phan tng hoa hoc

Sau:

phong dién
Pb + PbO, +2H,S0O, > 2PbS0O, + 6H,0

4—
nap dién

Khi pin hoat dong phong dién, xdy ra qué trinh hoa nang bién thanh dién ning,
con khi nap dién thi ngugc lai,di¢n nang chuyén thanh hod nang.

Ac quy dugc sir dung trong xe hoi, toa tau .....

Ac quy chi ¢6 vu diém 1a cung cap dong dién 16n dé khoi dong dong co, thip
sang, chay quat, thoi gian song dai.

Tuy nhién, c6 nhimg nhugc diém sau: Do strc cing, do rung dong 16p PbSO, ¢6
thé bi bong ra lam mat kha nang tai, nap. Trong qua trinh nap dién, mot phﬁn H,0 bi
dién phan thanh H, va O,, nén c6 thé gy nd, lam trao H,SO,, 1am mét nude cho nén
can bo xung nudc sau khi sir dung mot thoi gian. vi vy, & cac dc quy hién dai, ngudi

ta nguoi ta dung hop kim chi ¢6 tinh kim ham su dién phan nudec.

e. Ac quy niken - cadimi
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Ac quy niken - cadimi gé)m kim loai cadimi lam anot, Ni,03. H,O hoac NiOH
la catot. Dung dich dién li 1a dung dich KOH c6 chira mét lwong nho LiOH.
Khi phong dién, o ca tot xay ra sy oxi hoa cadimi.:
Cdy + 20H™ — Cd(OH)y, + 2e
o catot xay ra su khur NiO(OH)
NiO(OH) (y + 2H,0 + 2¢ — Ni(OH), (h+ Cd(OH);,

Phén tmg tong cong:

Cd +2H,0 + 2 NiO(OH), — 2 Ni(OH)y¢y + Cd(OH)21y  Epin = 1,4V
Khi nap dién xay ra qua trinh nguoc lai va co phan vng cong:
2Ni(OH), + Cd(OH), — 2Ni(OH) + Cd + H,0O

Ac quy nay duoc st dung trong dén chup anh, cic cong cu nhé nhu khoan,
dung cu cao rau.

f. Ac quy liti (pin liti rin)

Ac quy liti 13 sy t6 hop méi mé giira anot liti vdi catot 1a oxit hodc sunfua kim
loai chuyén tiép (Vi du: MnO,, V013 hodc TiS,). Chat dién giai 13 mét polime cho
phép ion Li* di qua ma khong cho electron di qua. Strc dién dong cua pin: E = 3V. St
dung cho may tinh, d6ng hd, may ghi hinh, may tinh sach tay

Uu diém: Ty 1¢ dién luong/ khéi luong cao.
Nhuoc diém: Tuong ddi dat, thoi gian sdng ngin, dién thé bién doi.
g. Pin nhién li¢u

Pin nhién liéu str dung phan (mg oxi hoa - khir dé san ra dién nang.

Vi du: Pin nhién liéu oxi - hidro gdm cac cuc dién cacbon c6 thim xtc tac kim
loai va chat dién gidi Na,CO3 nong chdy. Stc dién dong cua pin la 1,2V.

Ngoai hidro nguoi ta con dung NHs, NoH,, CHy, 1am nhién lig¢u.
Str dung: Cung cép dién ning va nudce tinh khiét trong cac chuyén bay vii tru.

Uu diém: Sach, nhiéu pin nhién liéu khong gay 6 nhiém mdi truong, tao ngudn
dién nang di dong. Pin nhién li€u rat hitu hiéu, né bién khoang 75% hod nang thanh
dién niang trong khi dong co 6td chi bién khoang 25% hoa ning thanh ning luong
chuyén dong xe.

Nhuoc diém: Pin nhién liéu khong tich trit dugc di¢n nang, né chi hoat dong khi

dong nhién li€u dugc nap vao lién tuc, dién cuc nhanh hong.
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Ngoai nhiing dc quy ké trén, ngudi ta nghién ciru san xuit cac loai pin c6 thé
van hanh xe hoi gia dinh dé giam 6 nhiém mai truong. Vi du:
- Pin nhdm - khéng khi: Phan Gmg tong cong nhu sau:
4Al + 30, + 6H,0 +40H — 4] AI(OH)4] Eoin=2,7V
h. Pin ndng do
Gia stir ching ta c6 hai dién cuc kim loai ctia cung mdt kim loai nhing trong
dung dich ctia ion kim loai d6 véi ndng d6 khac nhau thi sirc dién dong cua pin la:

E=E,-E, = 299 )& (6.16)
n C,

Nhu vay, pin hoat dong do sy chénh l¢ch néng do gitra hai dién cyc.Vi vay,
chung duoc goi 14 pin ndong do. Pin nong do 1a co sé ciia phuong phap dién thé trong
phan tich dinh luong va xac dinh pH cta cac dung dich. Cac té bao than kinh diéu
khién moi hoat dong tu duy, van dong va cac chirc nang khac dua theo nguyén tic pin

nong do.

6.6. Dién phan
6.6.1. Dinh nghia

Dién phdn la qua trinh oxi hod - khw xay ra trén bé mat cac dién cuc khi ¢
dong dién mét chiéu chay qua hop chat néng chay hay dung dich chat dién li.

Sy dién phan 1a qué trinh bién dién ning thanh hod ning.
6.6.2. Pién phan cac chit nguyén chiat néng chay

Quy tic chung trong su dién phan 13: Tiéu phan nao dé& bi oxi hoa hon (chat khtr
manh hon) s& phan ing phéng dién & anot trudc, tiéu phan nao dé bi khir (chat oxi hoa
manh hon) s€ phan trng phéng di¢n ¢ catot trudc.

DE biét chat nao dé& bi oxi hoa hogc dé bi khir hon ta cin ¢t vao sy bién doi tuan
hoan tinh chit cta cic nguyén té.

Vi dul: Dién phan CaCl, nong chay

(-) Catot CaCl, (+) Anot
Mg?* +2e— Mg 2CI' > Cl, + 2e

Vi du 2: Pién phan hon hop mudi NaBr va MgCl, nong chay s& duoc nhiing gi? Viét
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C4c nira phan tng va phan tGng téng cong.
Giai: Ion c6 thé bi khir ¢ catot: Na* va Mg?*
Ton ¢6 thé bi oxi hoé & anot: Br va CI".
Mg ¢6 ning lugng ion hoa 16n hon Na nén Mg®* d& bj khir hon Na* ,vi vay:
Mg* +2e - Mg
Br c6 dd Am dién nho hon Cl nén Br™ dé bi oxi hoa hon CI', vi thé:
2Br — 2Br + 2e; 2Br —» Bn,
Phuong trinh phan tng tong cong trong binh dién phan:
bi¢n phan
Mg?* + 2B ———— Mg + Br,
Néu thyc hién tiép qua trinh dién phan, sau khi Mg?* dién phan hét s& dén Na* va sau
khi Br hét s& dén CI',
6.6.3. Pién phan dung dich chat dién li trong nuéc
Trong dung dich chit dién li ngoai cac ion cua chat dién li con c6 ion H va
OH’ cta nudc. Do d6, trong qua trinh dién phan c6 thé cd cac ion ciia chit dién i hay
cac ion cua nudc bi phong dién ¢ cac dién cuc. Qua trinh nao xay ra khi di¢n phan phu
thude trude hét vao dién cuc chuin cia cap oxi hoa - khir: Dang oxi hoa cua cap oxi
hoé ¢6 thé khir 16n nhét s& bi khtr & catot va dang khir ctiia c@p oxi hod - khur nao co
thé khir nho nhét s& bi oxi hoa ¢ anot. Bén canh d6, cac yéu tb vt liéu dién cuc, mat
do dong dién, thanh phén dung dich, nhi¢t d0 cling anh hudng dén sy tao thanh san
pham ctia qué trinh dién phan.
a. Qud trinh khw ¢ catot
Trong pham vi qua trinh khir & catot ta chi xét truong hop su khir cation kim loai
M™ thanh kim loai M. Dé xét xem cation kim loai M™ hay cation H* ctia H,O bi khir
& catot ta so sanh thé khtr chuan cua hai cap: M™/ M va 2H*/H,.
Trong moi truong trung tinh pH =7
E2H+,-’H2 = —0,413V
Néu kim loai ¢6 Ey"m 16n hon nhiéu so v6i - 0,413V thi ion M™ bj khir &
catot:

M™ + ne - M
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D6 1a truong hop cac kim loai & vao khoang tir thiéc va sau no trong diy thé
khir chuan.

Néu cation kim loai c6 Ey™ v 1nhé hon nhiéu so véi - 0,413V thi ion H' cua

nudc bi khir thanh Ho:
2HOH + 2e —» Hy(k) + OH’
D6 1a trudng hop cua nhirng kim loai dau day thé khir chuin khoang truéc Mn.

Nhirng ion kim loai c6 Ey""m gﬁn voi gia tri - 0,413V nhu Mn, Zn, Cr, thi
tuy thudc vao néng do dung dich va diéu kién dién phan ma kim loai hay H, thoatra ¢
catot.

Vi du 1: Khi dién phan dung dich KCI trong nudc cd6 mang ngan ta thu dugc
dung dich KOH, Cl,, va Hy:
2KCl + 2H,0 = 2KOH +Cl,T + H,
Vi du 2: Khi dién phan dung dich CuSO, trong nudc ta thu dugc Cu,dung dich
H,SO, Va O, la. Phuong trinh dién phan la:

CusO, + H,O - Cu + H,SO, + %02

b. Qua trinh oxi hoa ¢ anot
O anot, xdy ra qua trinh oxi ho4 anion gdc axit hodc H,O:
2X" > X, +2ne
2H,0 —> O, +4H" + 4e
Thuc nghiém cho thay ¢ anot 13 qué trinh oxi hod clia anion nao phu thudc cip
c6 dién thé cang d& phong dién.
Gia s, & anot c6 mat nhiéu anion thi thir tw phong dién trudc tuan theo diy: I,
Br, CI', OH', NOs, SO,*
Nguyén nhan tht ty trén do dién thé oxi hoa - khir duoc sip xép theo thir tu:

E _<E <E

) . <E .
1,/21 Br,/2Br Cl,/2Cl 0,/20H

Vi du 1: Viét so d6 dién phan dung dich K,SO,
2K* +S0,*

—

(-) Catot (+) Anot
(K*HY (SO, 0H)
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2H,0 + 2e— H,T+ 20H" 4H,0 -4e — 20, + 4H*

Phén tng tong cong: 2H,0 di) 2H, + O,

Thuc chit cta qua trinh nay 13 dién phan H,0
Vi du 2: Viét so d6 dién phan dung dich Nal trong nudc.
Phuong trinh phan tng dién phan:
2Nal + 2H,0 —2NaOH + CIL,T +H,T
¢. Quad trinh xdy ra ¢ anot tan

Anot tan 1a anot ma vat liéu lam ra n6 bi oxi hoa khi di¢n phan. Kim loai khong
tro thuong dugc lam dién cuec.

Khi dién phan véi anot tan bén canh qua trinh oxi hoa anion gdc axit, nudc con
c6 qua trinh oxi hoa kim loai Iam anot. Néu kim loai lam anot c6 thé khtr chuan nhé
hon cé@p oxi hoa - khir sé théiy co su oxi hoa kim loai:

M - MY + ne
Vi du: Pién phan dung dich NiSO, véi andt Ni ¢ pH = 7 s& thu dugc chét gi?
Giai: O anot xay ra su ox1 hoa niken kim loai vi thé khir ciia cap Ni?*/Ni nhé hon
nhiéu so vé6i thé khir cua cap O,/H,O va cling nho hon nhiéu so véi thé khtr cua cap

S,08% 1 SO,%

DD NiSOQ,
(-) Catot (+)Ni Anot
Ni’* +2e—> Ni Ni — Ni** +2e

6.6.4. Dinh luit dién phan

Nha bac hoc Faraday d thiét 1ap duoc dinh lut dién phan sau day:

Khéi lugng chit tao thanh & dién cuc khi dién phan ti 16 voi luong dién di qua
chat dién phan va tuan theo cong thirc:

noh QAL 617

Trong d6:  m: Khdi lugng chat thoat ra & dién cyc khao sat (g);
A: Khéi luong mol nguyén tir ciia chat thoat ra & dién cuc;
n: S6 oxi hoa cua ion bi khir dién tich & dién cuc khao sat;

Q: Luong dién di qua chat dién cuc (C);
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F: Hang s6 Faraday, F = 96500C/mol;
I: Cuong d dong dién (A)
t: Thot gian di¢n phan (s);
Vi du: Tinh khéi lugng Cu thoat ra & catot khi cho dong dién 5A di qua trong
dung dich CuSO, trong 1 gio.

Gidi: mCu = 2423000 _ 55y
2.96500

6.7. Sw an mon Kkim loai va hgp kim
6.7.1. Khai niém vé sy in mon kim loai

Qua trinh pha huy cdu trac kim loai va hop kim dudi tac dung ciia méi trudng
xung quanh goi la sy &n mon kim loai va hop kim.
a. Sw an mon hod hoc

La su pha huy kim loai do twong tac truc tiép gitra kim loai v6i cac chat hoa hoc
¢6 trong moi truong nhu: O,, Cl,, SO,, cac axit, ba zo....

Su dn mon hoa hoc xay ra & nhiét do cao hon & mutc binh thuong. Cac thiét bi
10, cac chi tiét dong co ddt trong, cac tudc bin khi, vat liéu kim loai khi nhiét luyén
Kim...vv...déu chiu sy dn mon hoa hoc.

b. Sw dn mon dién hod hoc

Sw an mon dién hoa hoc la su pha huy kim loai hodac hop kim do co sy tao
thanh cac pin dién hoa vi mo.

Nguyén nhan cia sy n mon dién hod 1a do kim loai khong nguyén chét c6 chua
cAu tir hop kim hodc tap chit kém hoat dong hon hodc kim loai khong nguyén chat tiép
xuc voi ciu tir khac ¢ tinh khir yéu hon (mdi han, méi néi vv..). Nhitng kim loai nay
& trong khong khi 4m hay trong mdi trudng nudc co hoa tan chat dién 1i s& tao thanh
nhitng vi pin di¢n hod. Kim loai bi an mon déng vai trd anot con cAu tir hodc tap chét
kia s€ 1a catot cua pin.

Vi du: Sy an mon nhitng d6 dong thanh ri mau xanh 1a do hai nira phan tmg oxi

hoa - khu:
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O, + 4H" +4e — 2H,0,
2 Cup — Cu™ (g + 2e
2Cu+0, + 4H" - 2Cu*" +2H,0 E°=0,80V

Vi vdy, qué trinh n mon dién ra khong dang ké trong khi quyén. Ton Cu?* sinh
ra két hop v6i cac anion c¢6 mit trong nuéc (HCO3) tao thanh gi dong mau xanh.
C. Sw an mon sinh hoc

Sy an mon sinh hoc xdy ra ¢ nhiing noi vat liéu kim loai tiép xuc voi vat liéu
khong phai kim loai nhung 12 méi trudng dinh dudng cho cac loai nAm va vi sinh vat.
Trong qué trinh séng céc vi sinh vat bai tiét ra cac axit hitu co tao diéu kién cho sy an
mon. Sy dn mon dudng dng trong 1ong dat 13 trudng hop nghiém trong nhét cta sy an
mon sinh hoc vi & d6 c¢6 diéu kién thuan loi cho vi sinh vat phat trién.

6.7.2. Cac phwong phap chdng in mon kim loai va hop kim

Sy 4n mon kim loai gy thiét hai rt 16n vé kinh té. Khoang 25% thép san xuét
& My dung dé thay thé cho thép di bi an mon trong qua trinh sit dung. Do do, viéc
chdng n mon kim loai, hop kim 13 van dé 16n mang tinh chat quéc té dic biét d6i voi
nhitng nudc c6 khi hdu néng 4m nhu nudc ta. Dudi day 1a mot sé phwong phép chdng
an mon:

a. Cdch Ii kim loai, hop kim véi cdc yéu to dn mon

Nguoi ta phu 1én bé mat kim loai mot 16p dau md, son, véc ni, chat déo, men
hodc mét 16p ma (Cr, Ni, Cu, Cd, Sn, Zn, Au.. vv...) dé ngan khong cho Fe tiép xtic
vo1 0xi, hoi nuoc.

Vi du: cac vat dung gia dinh, cong cu may moc béng thép duoc son hodc boi
dau md. Sat lam vo d6 hop dugc ma thiéc. Cac dung cu can bao vé tot hon duoc ma
bﬁng Cr, Ni. Néu dung 16p ma kém (bdo vé€ di¢n hod) thi sit dugc bao vé giéng nhu
trang k&m. Con néu duing 16p ma dong, thiéc, niken thi chi bao vé cho thép khong bi an
mon khi 16p ma chua bi thung. Khi 16p ma bi thiing thi sat lai bi pha huy trudc. Mot s6
kim loai lai dugc phtt mot 16p oxit trén bé mit kim loai dé bao vé. L6p nay tro trong
diéu kién khong khi va nudc & nhiét d6 thuong.

Vi du: Sit duge pha mot 16p oxit (FeO hodc Fez0y4), nhom duoc phit mot 16p

oxit nhém.
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b. Phuwong phap dién hod (phwong phdp bdo vé anot)

Phuong phép nay duoc ding dé bao vé sit thép dung 1am duong dng, tau thuy,
xe tang, cau, ¢t dién, cot dén..vv...

Vit bao vé thuong 13 nhitng tAm hop kim ctua magie, nhom hay tim kém.
Nhitng kim loai thuong hoat dong hon sit nén déng vai trd anot, con sit (dudng bng,
tau thuy...) tré thanh catot. Khi sy an mon dién hod hoc xay ra, anot nhdm magie hoac
k&m s€ bi oxi hod va bi an mon. Cac kim loai Mg, Al, Zn con ¢ uu diém tao ra oxit,
hidroxit bAm chic trén bé mit lam cham qua trinh an mon cua chinh no.

c. Phwong phdp lam thay d6i méi truong dn mon

Loai oxi hoa tan trong méi truong va 1am cho méi trudng bét di axit. Dé loai
oxi, ngudi ta thuong dung cac chat khir nhu: Na,SOs, Na,S,0s, N,H,, Hodc dung
phuong phap gia nhiét dé lam giam do tan cia oxi.

Pua thém céc chit trc ché 1am giam toc d6 dn mon. Tuy theo diéu kién moi
truong nguoi ta s dung chat tc ché khac nhau. Vi du: Pé bao vé gang thép trong
nuéce 13 cic dung dich mudi, nguoi ta ding NaNO,. Dé lam ting tbc do6 déng rin
bétong ngudi ta thém Ca(NO,),. Chat nay c6 tac dung trc ché khong gay ra sy dn mon
thép trong bétong. Ngoai cac chit trc ché 1a cac chat vo co, con co chit e ché 1a hop
chét hitru co thudng 1 cac amin nhu: Urotropin (CH,)gN,; octadecylamin (C1gHz7NH,);
dioctadecylamin (CygHs7 ),NH; cac hop chét di vong chia nito: Uré, thiouré ...vv...

Pé chdng an mon sinh hoc, nguoi ta tron cac phé pham c6 tinh chong nam, chong

vi sinh vat vao cac vat liéu dung dé cach 1i vat pham kim loai vi moi truong.
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CAU HOI VA BAI TAP
1. Ly thuyét
6.1. Dé thiét 1ap mot pin can nhitng gi? Tai sao noi pin 13 dung cu bién hoa ning thanh
dién nang?
6.2. Suat dién dong ctia pin 1a gi? Tinh va do suét dién dong cua pin nhu thé nao? Cac
yéu t6 1am anh hudng dén suit dién dong?
6.3. Cong thirc Nernst cho biét nhitng yéu t6 gi anh huong dén thé khu? Hay viét cong
thitc Nernst dé tinh thé khir ciia cac cip sau:
1. Fe* + 1le — Fe
2. Cry0;* +6e + 14H" — 2Cr** + 7H,0
3. Sn*" +2e — Sn*
Tra E° cua céac cap oxi hoa khir ¢ phu luc 5
6.4. Viét so dd dién phan dung dich cac chit sau:
1. Dung dich CuCl; véi dién cuc than chi.
2. Dung dich CuSQO, véi dién cuc d@)ng.
3. Dung dich Na,SO,4 véi dién cuc Pt.
4. Dung dich H,SO, v6i dién cuc than chi.
5. Dung dich KOH véi dién cyc Pt.
6. Dung dich KNO3 v6i dién cuc Ni.
7. Dung dich LiCl khi ¢6 mang ngdn va khong c6 mang ngan.
6.5. Chon phat biéu dung cho so d6 nguyén té Gavani sau:
Algy | AP gy || Cu 4y | Cuge

Biéu thuc tinh suat dién dong cua cac nguyén to la:

AE=E-2%9, o ] B, Eopo_ 2059 (A ]
[NS*] 6 [Cu“J
C.E=E°+ 0,059 [Alsq D. Tét ca déu sai

|
o]
6.6. Chon phat biéu dung:
Cho thé khir chudn: E%-3+r2+ = 0,77 va E°c,2+,c, = 0,34

Phén tng tu dién bién theo chiéu:
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A. 2Fe** + Cu— 2Fe* + cu®

B. 2Fe”" + Cu* - 2Fe*" + Cul

C.2Fe* + Cu* > 2Fe* + Cud

D.2Fe** + Cu— 2Fe** + Cu*
6.7. Chon phat biéu diing

Biét thé khir chuin cua cac ntra phan tng:

I, + 26 - 2I E°=0,53V
Br, + 2e — 2Br E°=1,06V
Cl, + 2e — 2CI’ E°=1,36V

MnO, +8H"+5e — Mn** +4H,0 E°=15V
Cr,0; +14H"+6e —» 2Cr*" +7H,0 E°=1,33V
Céc chét khtr duoc xép thanh day:
A. |, < Br, < Cr,0;/> <Cl, < MnO;
B.Cr,0; <,Cl, <Br,< MnO,< 1,
C.Cr*<Cl<Br<Mn®*<I
D. Mn* <Cl,<Cr¥<Br < I

2. Tinh thé dién cwe va suiat dién dong ciia pin
6.8. Tinh thé dién cuc ¢ 25°C:
1. Cul CuSO, khi Cy(Cu?*) = 0,2M; E°(Cu?*/ Cu) = 0,34V
2. Ag| AgNO; khi Cy(Ag®™) = ,01M; E°(Ag*/ Ag) = 0,8V
3.2Znl| znSO, khi Cy (Zn?*) = 0,1M; E%(Zn**/ Zn) = - 0,76V
PS:  1.0,3V;2.0,794V ; 3. - 0,789V
6.9. Tinh thé khir cia cac cap: MnO,/ Mn* vd Cr,0;/Cr*" & pH = 0 va pH = 5, cho
biét néng do ciacacion=1M, t= 25°C:;
E%(MnO,/ Mn?*) = 1,51V; E%(Cr,0;/Cr*") = 1,33V
PS: 1,51V; 1,038V va 1,33V; 0,6417V
6.10. Cho pin thiét 1ap & 25°C:
(-) Agl dd b&o hoa Ag,SO. || AgNO; 2M| Ag (+)

Trang 173/229



Viét phuong trinh phan tmg x4y ra trong pin va tinh suét dién dong cia pin &
25°C biét do tan cua Ag,SO, trong nude nguyén chét tai nhiét do do 1a 1,4.10% mol/l
va E’(Ag*/ Ag) = 0,8V.

bS:E=0,11V
6.11. Cho pin c6 cau tao nhu sau:
Pt, H, | NH," 0,1M || H;0* 1M |H, Pt
ap suét cua H, ¢ 2 dién cuc déu béng latm, K, ctia NH,'= 5,36.10™%°, hay tinh
suét dién dong cta pin & 25°C?
bS: 0,303V
6.12. Cho biét thé khir chudn & 25°C cua céc cip sau:
Sn** + 2e — Snla-0,14V
Sn* + 4e — Snla 0,005V
Tinh thé khir chuén & 25°C caa cip Sn**/Sn?* 2
bS: 0,15V
3. Xét chiéu phan vng va tinh hing s6 cin bang
6.13. 0 25°C, Zn va Cu c6 phan ng véi axit HCI hay khong? Tai sao Fe phan
g véi axit HCI chi cho san pham 1a FeCl, ma khong phai 1a FeCls_
6.14. Phan tmg sau c6 thé xdy ra theo chiéu thuan duoc khong?
2NaCl + Fe,(SO4); — 2FeSO, + Cl, + Na,SO,

Biét: E%(Cl,/ CI) = 1,36V; E® (Fe**/ Fe**) = 0,77V
6.15. 1. Tinh thé oxi ho4 - khir ciia cac cap: MnO4/ Mn?*; Fe®/ Fe?*

Biét: E°(MnO,/ Mn?*) = 1,51V; E’(Fe**/ Fe**) = 0,77V; Cy(H") = 2M; Néng do
céc ion khac bang nhau va bang 1mol/l.

bS: E°(MnO,/ Mn®") = 1,548V; E°(Fe*'/ Fe?*) = 0,77V

2. Khi tron 2 cdp chit trén v6i nhau thi phan Gmg xay ra theo chiéu nao?
6.16. Hay xé4c dinh chiéu ciia phan ng sau ¢ 25°C:

2Hg + 2Ag" — Hg,™ + 2Ag trong hai truong hop:

1. Khi[Ag'] = 10*M; [Hg,*] = 107'M;

2. Khi [Ag'] = 10"M; [Hg,**] = 10™*M;

Biét E°(Hg,**/ 2Hg) = 0,79V; E°(Ag*/ Ag) = 0,8V
6.17. Tinh hing s can bing cta phan tmg & 25°C:
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1. Cr,0/% +6Fe” + 14H" — 2Cr** + 6Fe*" + 7H,0
2. 2Fe** +Sn*" — 2Fe* +Sn™
Biét:E%(Cr,0,%/2Cr**) =1,33V; E°(Fe**/ Fe**) = 0,77V; E%(Sn*'/ Sn**) = 0,15V
bS: 1. K = 10°°%; 2. K = 9,92.10%;
6.18. C6 2 cap dung dich:
1. Dung dich SnCl, va FeCls;
2. Dung dich SnCly, va FeCly;
Cho biét phan tng xay ra vé6i trudng hop nao?
Biét E° (Fe**/ Fe?*) = 0,77V; E°(Sn*'/ Sn**) = 0,15V

4. Bai tap tong hop
6.19. Bé nghién ciru can bing sau & 25°C:

Cu(r) +2Fe* 3>t Cu®" + 2Fe*

Nguoi ta chuan bi mot dung dich gdm CuSO, 0,5M, FeSO, 0,025M, Fe,(SO4),
0,125M va thém vao mot it manh kim loai Cu
Cho biét chiéu cta phan tng?
Tinh hing s6 cn bang ctia phan tng?
Tinh ti 16 [Fe**]/[Fe®"] ¢6 gia tri tbi thiéu dé phan ung ddi chiéu?
Biét E° (Fe*'/ Fe?*) = 0,77V; E°(Cu?®*/ Cu) = 0,34V
bS: K =3,77.10" ; [Fe*])/[Fe*"] < 3,6.10°
6.20. M4t dung dich chira CuSO,4 0,1M; NaCl 0,2M; Cu du va CuCl du.
Chirg minh ring xay ra phan tmg sau & 25°C:
Cu + Cu* +2CI - 2CuCl
Biét Teye = 107 va E°(Cu®*/ Cu*) = 0,15V ; E°(Cu’/ Cu) = 0,52V
6.21. Cho pin ¢6 céu tao nhu sau ¢ 25°C:
Pt | Fe** 0,1M, Fe** 0,2M || Fe** 0,2M, Fe** 0,1M | Pt
Tinh AG ctia phan ng xay ra trong pin?
Tinh néng do cua ion Fe** va Fe® & cac dién cuc khi can béng?
Biét E° (Fe*'/ Fe?") = 0,77V
DS: AG = - 3472 (J); [Fe**] = [Fe*"] = 0,15M
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6.22. Cho pin c6 so d6 sau: (-) Cu | CuSO,4 0,1M || AgNO; 0,001M | Ag (+)
1. Tinh suit dién dong cta pin & 25°C?
2. Tinh hing s6 cin bang & diéu kién chuan?
£ 10 _ . 0 - .
Biét: E Ag+/Ag - 0,80V , E CU2+/CU - 0,34V,
DS: 0,3125V va 10*°

6.23. Cho phan tmg sau & 25°C:
Cu*" + 2Cr*" 3>+ 2Cr* + Cu

1. Xét chiéu ctia phan tng & diéu kién chuan?
2. Chiéu cua phan tmg c6 thay ddi khong khi cho [Cr®*'] = 0,01M; [Cu®] = 0,1M;
[Cr**]=0,1M ? Biét E°paejcpar = — 0,41V E°yp2e/cy = 0,34V,
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CHUONG 7. PAI CUONG VE CAC CHAT VO CO

7.1. kim loai va phi kim
7.1.1. Kim loai
a. Diic diém cu tao ciia kim loai

Hon ba phan tu cac nguyén t6 da biét 1a kim loai.

Nguyén tir ciia cac kim logi ¢é sé electron 16p ngodi ciing nhé hon 4 (trir bo,
hidro, heli c6 bon electron I6p ngoai cung). Mot s6 nguyén tir kim loai c6 sb electron
ngoai clng 16n hon ba d6 1a gecmani, thiéc, chi. Mot s6 nguyén tir kim loai c6 nim
electron ¢ 16p ngoai cung nhu antimoan, bitmut va poloni c6 sdu electron & 16p ngoai
cung.

Lién két hod hoc trong tinh thé.

Dua vao ban chat cac mbi lién két hoa hoc trong tinh thé ngudi ta phan biét cac
dang mang ludi sau: mang ludi ion, mang ludi nguyén tr - mang ludi cong hoa tri -
mang ludi phan tr va mang ludi kim loai.

Lién két gitta cac nguyén tir trong kim logi la lién két kim loai, nd c6 ban chat
cong hoa tri, nhung khéc lién két cong hoa tri thong thudng & chd cac electron hoa tri
clia cac nguyén tir trong tinh thé thudc so hitu chung cua toan khdi kim loai, ching rat
linh dong. Do dac diém ciu tao nhu trén nén kim loai c6 nhiing tinh chat vat 1i giup
chung ta phan biét dugc vai phi kim.

b. Tinh chit li hoc chung ciia kim logi

O nhiét d6 thuong, cac kim loai déu dang chdt rdn tinh thé (triv thuy ngdn & thé
long).

Nhiéu kim loai co thé ton tai ¢ mét sé dang thir hinh tuy theo nhiét do hoic diéu
kién két tinh. Vi du: Sit c6 cdu trac tinh thé 1ap phuong tim khdi & nhiét do thap hon
912°C (Fe - a). Tir nhiét do 912°C dén 1394°C sit c6 ciu tric 14p phuong tim mat
(Fe- y). Cao hon nhiét do 1394°C cho dén nhi¢t d néng chay st tré lai cdu trac lap
phuong khéi.

Nhitng tinh chat li hoc dac trung cua kim logi la tinh déo, ran, dan dién va dan

nhiét tot, co anh kim, nhiét do nong chay va nhiét do soi cao.
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0} trang thdi long, nhiéu kim logi ¢6 thé hoa tan vao nhau tao ra hop kim.
c. Tinh chit hod hoc ciia kim loai

Tinh chdt hod hoc dic trung cua kim logi la tinh khw

M-ne — M™

Nhitng kim loai co6 tinh khir manh nhét 13 cac kim loai kiém, rdi dén cac kim loai
kiém tho (Ba, Sr, Ca), tiép dén 1a Mg, cac kim loai nhom IITA va nhom IIIB. Céac kim
loai ¢6 tinh khtr yéu 1a: hu hét cac kim loai nhém B con lai, dic biét 1a kim loai & cudi
cac nhom B.

Ddc trung cho tinh khw cua kim loai la thé dién cuc tiéu chudn (EO) cua no. Kim
loai cang hoat dong thi thé dién cue tiéu chudan cia né cang nho.

Pa s6 kim loai hod hop truc tiép v6i oxi, véi halogen va mot sb phi kim.

Hau hét cac kim loai phan Gng véi luu huynh & diéu kién khdc nhau.

Nito 1a phi kim tro vé phuong dién hoa hoc. O nhiét do thuong, hau nhu chi ¢
liti phan g dugc véi nito. Khi dun néng nhiéu kim loai nhom IIA, IIIA, IIIB, IVB,
VB, VIB, VIIB, Zn...phan ing dugc voi nito.

O nhiét do thuong, cac kim loai khong phan Gmg véi cacbon. O nhiét do cao
nhiéu kim loai tac dung dugc vdi cacbon, nhu kim loai cac nhom I1A, IVB, VB, VIB,
cac lantanoit, cac actinoit, liti, nhom, magie, sit, coban, dong. ..

O nhiét do cao, mot sd kim loai tac dung dugc voi hidro nhu cac kim loai kiém,
kiém thd, kim loai cac nhom IIIB, VB, crom... Nhiéu kim loai c¢6 kha nang hép thu
hay hoa tan khi hidro, nhung khéng tao thanh hop chit hoa hoc nhu cac kim loai ho
platin.

Nhiéu kim loai tic dung duoc véi nwde, dung dich axit VA kiém tao thanh khi
hidro.

Pé biét dwoc mot s6 kim loai ¢ thé dcfy dwoc hidro ra khoi nuoc, dung dich axit
hay kiém ta can cir vao hai diéu kién:

- Thé khir chudn cia cdp 2H'IH,
- Hop chat cua kim loai sinh ra do phdn g khéng tao thanh 16p béio vé

ngan cach kim logi voi chdt phan vung
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Thé khir khuan ¢ 25°C cua cip 2H'/H, (P, = latm) ¢ cac méi trudng khac nhau:
Moi truong pH =0 pH =7 pH =14
E°2H"/H, 0,000 - 0,413 - 0,828

Hau hét cac kim loai c6 thé khir am déu day duoc hidro khoi H,SO, lodng, HCI,
CH3;COOH.

Mot s6 kim loai c6 thé khir chuan 4m nhung khong phan tng hodc phan tmg han
ché véi H,SO, lodng, HCI lodng nhu chi, tali vi tao thanh cac hop chét it tan bao vé
cho kim loai.

Mot s6 kim loai c6 thé khir khuan 4m nhu magie, nhém nhung khi tac dung voi
nudc tao thanh Mg(OH),, AI(OH); it tan trén bé mit kim loai bao vé cho kim loai.

Mot s6 kim loai tac dung véi axit sunfuric ddc va nitric dic khong giai phong
hidro. H,SOy4 ddc, nong khi tac dung voi kim loai cho khi SO,. Néu kim loai hoat dong
thi ngodi SO, con tao thanh S, H,S. HNO; dic tac dung véi kim loai ¢6 thé tao thanh
cac san pham NO,, NO, N,0O, N,, NH," (ciing c6 thé tao thanh hdn hop san pham) tuy
thudc vao n@)ng do, do hoat dong cua kim loai.

H,SO, dac nguoi va dac biét HNO3 dac nguoi gay thu dong cho mot s6 kim logi
nhuw sdt, nhém, crom... do tao thanh [6p oxit bén ngoai bén chdc bao vé kim logi.

Mot s6 kim loai kém hoat dong nhu vang, ruteni, rodi, iridi, vonfram, niobi,
tantan... khong tac dung duoc vdi céc axit riéng bi¢t nhung hoa tan trong nudc cuong
toan (hon hop HNO; + HCI dic hoic trong hon hop dung dich HF +HNO;)

Nhiéu kim loai ¢6 thé khir chuan bé day duoc kim loai ¢6 thé khir chuan 16n hon
ra khoi dung dich mudi cia né.

Vidu: E°, ., =-0,736 V < E"CU%u = 0,337 V nén c6 phan ung:

Zn
Zn +Cu*™ — Zn** + Cu
Oxit va hidroxit kim loai c6 tinh bazo, trong dé mét sé c6 tinh luéng tinh (Al,Os,
ZnO, Cr,03, Se0,...). Néu 1a nguyén t6 da hoa tri thi oxit va hidroxit mg vdi s6 oxi

hoé cao nhat cua kim loai thuong ¢6 tinh axit. Vi du: Cr,03, Mn,05, Cl,04...
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7.1.2. Phi kim
a. Dic diém ciu tgo ciia phi kim

Nguyén tir ctia phi kim c6 sb electron ¢ 16p ngoai cung 16n hon ba (trir nhing
trieong hop da ké & trén) trong bang hé thdng tudn hoan cac phi kim & goc bén phai.
Hién nay di biét 16 phi kim trir cac khi hiém. Cac phi kim gém hidro va mot s6
nguyén td p.

b. Tinh chdt vit li chung

O nhiét d6 thuong, phi kim c6 thé & thé khi (nhu oxi, nito, clo...), & thé long dé
bay hoi (nhu brom...), & thé rdn (nhu iot, photpho, luu huynh...) O thé ran phi kim
khong co tinh déo, da sd khong din dién, nhiét vi trong tinh thé phi kim khéng c6
electron chuyén dong tir do. Nhiéu tinh thé phi kim d& néng chay, d6 1a nhimng tinh thé
phan tir (halogen). Lién két trong tinh thé phan tir 13 lién két giita cac phan tir (bdi luc
Van de Van) rat yéu so véi lién két kim loai trong tinh thé kim loai.

Hién twong thit hinh khd phé bién & cac phi kim, nhu oxi ¢6 hai dang thu hinh 1a
O, va O; (ozon). Photpho tring, photpho do, photpho den 1a 3 dang thu hinh cua
photpho. Cacbon c6 cac dang thu hinh: Kim cuong, than chi, cacbon v6 dinh hinh.
Luu huynh ¢6 2 dang thu hinh: Luu huynh ta phuong (Sa) va luu huynh don ta (SB).

Tinh chét 1i hoc, tinh chat hoa hoc cua céc phi kim ctia mot s6 chat phu thudc
nhiéu dang thu hinh.

c. Tinh chit hod hoc chung

Tinh chdt hod hoc co ban cua phi kim la tinh oxi hod A + ne — A" (trong d6 n
tinh bang hiéu sd gitra 8 va sb thir tu nhom ciia phi kim - trir trudng hop nguyén tir phi
kim lién két v6i nhau thanh “day” nhu -O—0-; >N—-N< ...

Gdp chdt oxi hod manh, phi kim ciing cé thé nhdn electron nhung chi tao lién két
cong hoa tri vi do am dién cua phi kim lon. Do d6, phi kim noi chung co ca tinh oxi
hod va tinh khir. Trong hop chét, nguyén t6 phi kim c6 thé c6 s6 oxi hod duong va 4m.

Dic trung cho tinh oxi hoé - khir ciia phi kim 14 thé dién cyc chuan (E°) cua no.
Thé dién cwc tiéu chudn cia phi kim cang I6n, tinh oxi hod cang manbh.

Vi du: Thé khtr khuén cua clo, brom va iot 1an luot 14 1,36V; 1,07V va 0,54V nén
clo oxi hoa duogc Br ™, | °, con brom oxi hoa duogc 1 ™.

CIZ + 2KBr — 2KCI +BI’2
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Cl, +2KI — 2KCI + I,
Br, + 2KI — 2KBr + I,

DPa sb phi kim két hop truc tiép v&i kim logi tao thanh mudi (halogenua,
sunfua...), voi hidro thanh chat khi hodc chit long d& bay hoi (hidrohalogenua,
hidrosunfua...), v&i 0xi tao thanh oxit.

Pa sb oxit phi kim c6 tinh axit (nhu N,Os, SO;...) Gng véi cac axit (nhw HNO;,
H,S0,...). Ngodi tinh axit, cac oxit axit con co tinh khit, tinh oxi hod hodc cd tinh oXi
hod va tinh khir tuy thudc vao sb oxi hoa ciia phi kim trong hop chét.

Céac hop chat cia phi kim v6i hidro nhu H,0O, NHs, HCI... déu c6 tinh khir Vi
trong cac hop chat d6 phi kim c6 s6 oxi hoa am. Cac hop chat loai ndy cé thé 1a trung
tinh, hoac c¢o tinh bazo hay tinh axit.

Phi kim thieong la nguyén t6 da hod tri, nén cdc hop chdt ciia né cé thé cé tinh

khit, tinh oxi hoa hoac ca hai tinh do.

7.2. Mot vai nét vé cac bd nguyén to
Can clr vao cac dic diém ciu tao nguyén tir ciia cic nguyén td, ngudi ta chia cac
nguyén t6 thanh cac bo: nguyén td bo s, bd p, bd d va bo f.
7.2.1. Cac nguyén to bd s
Céac nguyén t6 bd s gdbm: H, He, cac nguyén to kim loai kiém (nhom IA) va cac
nguyén t6 kim loai kiém tho (IIA). He 14 khi tro, H 12 nguyén té s nhu 1a phi kim. Nhu
thé, c6 thé coi bd s gdm cac nguyén t6 kim loai kiém (ki hiéu M) va kiém tho (ki hiéu
M’).
a. Diic diém cdu tao vé electron
Céu hinh electron 16p vé nguyén tir ciia cac nguyén té M 1a ns’, cac nguyén t6 M’
la ns®. Lop electron bén trong sat 16p vo 1a 16p electron cia khi hiém. Do d6 electron
hoa trj ctia cac nguyén t6 s chi 1a 1 hoic 2.
b. Tinh chit hod hoc
Tinh chét co ban clia nguyén t6 bo s 1a tink khir manh nén cac kim loai M va M
la nhitng kim loai hoat dong manh, chung la nhirng kim loai dién hinh:
M-1le > M’
M’ -2e —» M*
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Thé dién cuc tiéu chudn cua cdc kim logi M va M’ nhé hon so véi da sé kim loai
da biét.

o Cdc kim logi kiém M

Céc kim loai kiém gdm liti (Li), natri (Na), kali (K), Rubidi (Rb), xesi (Cs) va
franxi (Fr). Fr 1a nguyén t6 phong xa tir nhién.

Do c6 mot electron hod tri, cac nguyén tor kim loai kiém rit d& mat mot electron
hoa tri bién thanh ion duong M*. Chiing la nhitng kim logi rdt hoat dong. Diéu d6 thé
hién & ning lyong ion hod thir nhat rat thap ciia nhitng nguyén tir kim loai kiém.

O diéu kién thudng va trong khong khi kho, kim loai Li bi phi mét I6p mau xam
gém Li,O va Li3N, natri bi pht 16p Na,O, va c6 1an mdt it Na,O, Kali bi phi 16p KO,
0 16p ngoai va bén trong 1a 16p K,0O, Rubidi va xesi tu bdc chay tao thanh RbO,, CsO,.

Céc kim loai kiém bdc chay trong khi clo khi c6 mat hoi 4m ¢ nhiét do thuong.

Phan g nd ciing xdy ra khi nghién kim loai kiém v&i bot luew huynh.

Khi dun nong hon hop nito, cacbon va silic, chi c6 Li tac dung truc tiép tao nén
Li3N, LiC, va LigSi,.

Khi dun nong céc kim loai kiém véi hidro tao nén cac hidrua ion: NaH, LiH. Cac
kim loai kiém twong tdc manh mé& véi nuoc vi cod thé dién cuc rat thép:

2M +2H,0 —— 2MOH + H,
Khi dun néng trong khi amoniac, cac kim loai kiém dé tao thanh amidua.

2Na +2NH3 —— 2NaNH, + H,

(natri amidua)

Céc kim loai kiém c6 thé thay thé H trong cac axit hitu co tao nén mudi ion nhu
natri axetat, kali benzoat.

Céc kim loai kiém phan mg manh véi nuée va nhiéu chat trong khong khi, nén
ngudi ta thuong bao quan ching trong dau hoa.

CAc oxit kim logi kiém gdm oxit thuong (M,0), peoxit M,0, va supeoxit MO, va
ozonit.

CAc oxit thwong cua kim logi kiém la oxit bazo. Tat ca cac oxit kim loai kiém - trir

Li,O - trong tac véi oxi ngay ¢ nhiét do tao nén peoxit.
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Céc peoxit M,0, va supeoxit MO, déu 1a chdt oxi manh. Trong sb cac peoxit va
supeoxit thi quan trong nhat ddi voi thuc té 13 natri peoxit (Na,O,). Con trong
supeoxit, hop chat thudng dugc xét ki 1a kali supeoxit (KO,).

Ozonit 14 oxit c6 chira ion O* & trong mang ludi tinh thé. Ion ndy c6 cu tao

tuong tu ozon nhung thuan tu.

0O
o ©

Nguoi ta da biét duoc ozonit cua kim loai kiém nhu KO3, RbO; va ctia ion amoni
NH;0;.

Hidroxit ciia cdc kim logi kiém MOH 1a nhiing chat kiém manh.

Mudi ciia cdc kim loai kiém, nguoi ta biét dugc mudi kim loai kiém cua tat ca cac
axit. Phan 16n 13 hop chat ion, & dang tinh thé. Trong dung dich nudc, hau hét cac
mudi kim loai kiém déu phan li hoan toan thanh ion.

e Cac kim loai kiém thé M'

Cac kim loai kiém thd gdm cac nguyén td: berili (Be), magie (Mg), canxi (Ca),
stronti (Sr), bari (Ba) va radi (Ra). Ra 12 nguyén t6 phong xa.

Do ¢6 hai electron ho4 tri ns?, cc nguyén tir kim loai kiém tho thuong dé mdt hai
electron dé bién thanh ion M’?*, nghia 14 ching 1a nhiing kim loai hoat déng va kha
nang hoat dong ting dan tir Be dén Ra. So véi kim loai kiém trong cting mot chu ki,
kim loai kiém thd kém hoat dong hon.

Owit ciia kim logi kiém thé ciing c6 oxit thuong M’O va peoxit M’O,.

Cdc hidroxit M'(OH), déu bao gébm hoan toan nhitng ion kim loai va ion OH ~.
Trong dung dich nwéc la nhitng bazo va tinh bazo dé ting Ién tir Be dén Ba.

Céc mudi cua kim logi kiem tho & dang tinh thé, trong dung dich nudc phan li
hoan toan.

7.2.2. Céc nguyén td bd p
Bo p gdm c6 cac nguyén tb p cb electron sau cung dién vao obital p, ching & cac
nhém IIIA, IVA, VA, VIA, VIIA va nhom khi hiém. Ta khong xem xét cac khi hiém,

nén trong mdi chu ki - trir chu ki I - déu ¢ 5 nguyén t6 tir ns’np’ dén ns’2p°
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a. Dic diém cdu tgo vé electron ciia nguyén tiv

L&p vo electron ho tri ciia cic nguyén td p chua bdo hoa, nhung 16p electron bén
trong sat 16p d6 1a 16p electron gidng khi hiém hoic 16p electron bdo hoa twong ddi
bén. Do d6 56 electron héa tri ciia nguyén t6 p bang sé thir tw nhém ciia né hodc bang
t6ng sé electron s va p ¢ I1op vé electron hod tri ciia nguyén tir .
b. Tinh chit hod hoc

Mot s6 nguyén t6 p la phi kim, vi chung c6 xu huéng nhén electron dé ¢ 16p vo
electron ngoai ciing bén ns’np®. Tinh chét d6 dic trung & cac nguyén td O, N, S va cic
halogen.

e Nhém halogen gom flo (F), clo (CI), brom(Br) va iot (I)

Nhom halogen ¢ nhom VIIA, c¢6 7 electron hoa tri. Trong cac hop chat, F chi c6
s6 oxi hoa 14 -1, cac nguyén t6 khac ¢ sd oxi hod 1a -1, +1, +3, +5, +7.

Cdc halogen la nhitng phi kim dién hinh c6 tinh oxi hod rat manh va gidm dan tir
F dén I, nén halogen trude co thé day duoc halogen sau ra khoi dung dich mubi.

Flo 13 phi kim hoat dong manh nhat, phan @ng duoc véi hau hét cac don chat va
nhiéu hop chat. Flo két hop vdi oxi tao thanh F,O.

Céc halogen hod hop truc tiép v6i nhiéu don chdt va hop chat, vi du:

Cl, + H, — 2HCI
3Br, + Al — 2AIBr;
3Br, + 3Na,CO; —— 5NaBr + NaBrO; + 3CO,
Céc halogen tan it trong nuée, nhung phan ing mot phan véi nude:
X, +H,O 3*t HX + HOX

Cdc hidrohalogenua HX dé tan trong nwéc tao thanh cdc axit manh va cé tinh
khit, trong d6 1~ ¢6 tinh khir manh nhat. Vi du:
8HI + HySOyq) — 4l +H,S T+ 4H,0
Hop chdt véi oxi cia clo, Clo tao ra mot sb oxit nhu C1,0, CIO,, Cl,0-.
Clo tao ra cac oxi axit: HOCI, HOCIO, HOCIO,, HOCIOs. Trong day oxiaxit nay
tinh axit va tinh bén cia cdc dung dich axit ting dan. Do d6 axit hipocloro (HOCI) 1a
axit yéu nhung tinh oxi hod manh, con dung dich axit pecloric HOCIO3 1a axit manh,

nhung tinh oxi hod yéu.

Trang 184/229



Trong thuc té, ngudi ta stt dung tinh oxi hod manh cua HOCI duéi dang nuéc

Javen, clorua voi CaOCl, dé tdy mau va sat tring.
¢ Oxi va lvu huynh

Oxi & nhém VIA, la mét phi kim dién hinh, sb oxi hoa phd bién cua oxi 1a -2 trong
peoxit (nhu H,0,), s6 oxi hoa 14 -1, con trong hop chat F,0 ¢6 s oxi hoa 1a +2.

Oxi ¢6 thé tac dung truc tiéb 0 nhiét do thuong va nhat la & nhiét dé cao véi hau
hét cac nguyén té trir cdc halogen, khi hiém va mét sé kim loai quy.

Hidropeoxit 1a chat 1ong, dé tan nhung dé bi phan huy

2H,0, — 2H,0 + O, 1
Hidro peoxit la axit yéu:

H,0, $** H' +HO, K =26.10"

Su phan li nic thir 2 hau nhu khong xay ra.
H,0, c6 “day” oxi hodc co géc 022', nén H,0, c¢d ca tinh oxi hoa va tinh khir. Vi
du:
H,0, + H,SO, + 2KI —— I, +2H,0 + K,SO,

5H,0, +2KMnO, + 3H,SO, — K,SO,4 +2MnSO, + 50,1 + 8H,0
Luew huynh S ciing 6 nhém VIA la phi kim. Luu huynh 12 nguyén t6 tuong d6i hoat
dong: O nhiét d6 thuong kém hoat dong, khi dun néng tuong tac voi hau hét cac
nguyén t6 trir khi hiém, i6t, vang va platin.
Hidrosunfua H,S c¢6 mui ddc trung, it tan trong nudc. Dung dich H,S la axit hai
1an nhung rat yéu. H,S c6 tinh khu.
Anhidrit sunfuro SO, dé& tan trong nuée tao thanh axit sunfuro H,SO3. D6 12 axit 2
1an nhung rat yéu. SO, va H,SO5 ¢é cd tinh oxi hod va tinh khit.
Anhidrit sunfuric SO tdn tai & trang thai hoi, khi tan vao nudc tao thanh dung
dich Axit sunfuric la axit manh.
H,SO, — H' + HSO,
HSO, — H' + SO, K ~ 107
H,SO, dac co tinh oxi hoa manh.

Axit pesunfuric H,S,0g la axit manh va cé tinh oxi hoa manh.
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e Nito' va cic hop chit cia nito

Céu hinh 16p vo electron hod tri ciia nguyén tir nito N 13 2s*2p°. Nito' la mét phi
kim, trong céc hop chat, nito ¢6 sd oxi hod 1a -3, +3 va +5. O nhiét d6 thuong, nito 1a
mot trong nhiing chét tro nhét nhung & nhiét d§ cao no6 tré nén hoat dong hon, nhét 1a
khi c6 xuc tac. Nguyén nhan 1a do ¢ dk thudng nito ton tai trang thai phan tr gdm 2
nguyén tir, lién két gitta hai nguyén tir N c6 ning luong rit 16n, phan tir N, rt bén véi
nhiét, & 3000°C chua phan huy rd rét thanh nguyén ti.

Amoniac NHs 1a chat khi, d& tan trong nudc tao ra bazo yéu, NHj; ¢6 tinh chat
khue

AXit nitric 1a axit manh va coé tinh oxi hoa manh.

e Mt s6 kim loai thudc bd p

Mot s6 nguyén t6 p la kim logi vi ching ¢é kha ndng nhwong electron. Mgt sé
dac diéem quan trong cua kim logi bo p:

- Mot s6 oxit va hidroxit ciia chiing c6 tinh chat luéng tinh

- Jon ¢6 $6 hod tri thap (Sn®*, Pb?*...) ¢6 tinh khir, con khi ¢ oxi hod cao nhdt chi
co tinh oxi hoa

Nhom Al ¢6 cau triic 16p vo eletron hod tri 1a 3s*3p?.

Nhom la kim logi hoat dong. Al tac dung dugc véi cac phi kim, tac dung véi
dung dich axit (trrt HNO3, H,SO,4 dac ngudi), H,O (nhung phan tng cham vi tao ra
Al(OH); kho tan). Al con phan tng vé6i dung dich kiém manh.

Oxit nhém va nhém hidroxit la hop chat lwéng tinh. Pa s6 mudi nhém dé tan va
bi phdn huy Vi tinh axit AI(OH); rt yéu.Vi du, dung dich mubi AI** cé tinh axit, ion
AIP* ¢6 thé bi thuy phan theo phan tng:

AP +2H,0 — AI(OH)," +2H"
Dung dich NaAlO, c6 tinh bazo vi ion AlO,” ¢6 thé bi phan huy nhu sau:
AlO, +2H,0 — AIOH);d +OH"

lon AI** bi thity phan kha manh trong nudc thanh keo AI(OH);

Thiée Sn ¢6 cAu hinh 16p vé electron hoa trj 13 5s°5p® va cua chi 1a 6s°6p?. Ca hai
nguyén t6 déu c6 tinh kim logi, c6 thé dién cyc tiéu chuan 1a:

E°Sn?*/Sn =-0,14 V va E°Pb*/Pb =-0,13 V.
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Céac oxit MO, MO, va hidroxit M(OH),, M(OH), cta thiéc va cta chi 1a nhimg
hop chat ludng tinh nén dé tan trong dung dich axit manh va trong dung dich kiém
manh.

Cac mudi halogen cia Sn** (nhu SnCly) d& tan va bj thuy phan, ching c6 tinh
khuw. Vi du:

SnCl, +2HgCl, — SnCl, + Hg,Cl,|

Céc hop chit Sn** ¢4 tinh oxi hod rit yéu.

Cac hop chét Pb*" ¢4 tinh oxi hod manh. Vi du:

PbO, + 4HCI —» PbCI, +Cl, + 2H,0

Céc hop chét ciia Sn va Pb déu rat doc
7.2.3. Céc nguyén to bd d

Bo d gom cac nguyén t6 d. Ta chi xét nguyén to d & cac chu ki 4, 5, 6. Mdi chu ki
¢6 10 nguyén t6 d tir nguyén té (n-1)d'ns® dén nguyén té (n-1)d'°ns® — trir nguyén tb
Pd 4d'°5s°
a. Diic diém cdu tao vé electron ciia nguyén tir

Nguyén tir cic nguyén t6 d chi ¢6 1 hodc 2 electron s & 16p ngodi cung. Lép sat
16p ngoai cung cd phan l6p d chua bao hoa hodc vira méi bao hoa. Nang lugng
electron ns va (n-1)d néu trén gan nhau nén electron hoa tri ciia cac nguyén té ngoai
cac electron phan 16p ns ¢6 mot s electron & phan 16p (n-1)d. Vi vy, hdu hét cdc
nguyén t6 d la nguyén 1o da hod tri, nhiéu nguyén té c¢é sé hod tri cao bang sé thir tu
nhom, vi du Mn, Cr, Mo.

b. Tinh chit hod hoc

Tinh chdt hod hoc co ban cia cac nguyén 16 bé d la tinh khir, ¢6 tinh kim logi
nhung yéu hon kim loai bé s. Do dic diém trén nén ion cic nguyén t6 d c6 mot sé dic
diém quan trong:

Ion ¢6 s6 hod tri thap (nhu Fe**, Cr**, Mn®*...) ludn c6 tinh khir, nhung khi c6 sb
oxi hod cao nhit (c6 thé ¢ dang anion nhu MnO,, Cr2072',...) thi ludn cé tinh oxi hoa.
ITon ¢6 s6 oxi hod trung gian c6 ca tinh khir va tinh oxi hod.

Ion ¢6 kha ndng tao phitc chat véi nhiéu phoi tir khdc nhau. Thudng gip cac

phtrc chit cua Cu®* va Ag" véi NHa, cua Fe** va Fe?* véi ion CN
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e Siit, coban va niken
Céu hinh v6 electron hoa tri ciia nguyén tir ba nguyén té nhu sau:
Fe: 3d°4s*  Co:3d'4s*  Ni: 3d%4s®
Thé dién cuc tiéu chuin cia cic cap la:
E’re2vire = - 0,44 V' ; E°copiico = - 0,28 V; E%Nigomi = - 0,25 V.
Trong céc hop chét, s6 oxi hoa phd bién cua 3 nguyén t6 1a +2; +3 nhung c6 Co**
it bén va Ni** khong bén.
Sat, coban, niken la nhitng kim loai twong doi hoat dong, trong d6 sat hoat dong
hon, nhung nhiéu phan tGng cua st chi xay ra ¢ nhiét do cao.
Céc oxit nhu Fe,03, Fe;04, Co0, C0,03, NiO déu khé tan va c6 tinh bazo.
Céc hidroxit Fe(OH),; Co(OH), dé bi khéng khi oxi hod.
4Fe(OH),4 + 0, + 2H,0 — 4Fe(OH)3|
tring nau
Cac hop chat ctia Fe** ¢6 tinh khir manh. Vi du:
10FeSO, +2KMnQO,4 +8H,S0O, — K,S0,4 +2MnSO4+ 5Fe,(SO4)3+8H,0
Cdac mudi Fe** dé bi thuy phan: Dung dich Fe** ¢6 tinh axit, c6 thé do phan tmg
thuy phan sau:
Fe* +2H,0 }>f Fe(OH)," +2H’

Cdc ion kim logi phdn nhom sdt rat dé tao thanh phirc chdt véi cdc phdi tr khdc

nhau, vi du: phuec kali feroxianua K4[Fe(CN)g]. 3H,0, phirc K3[Fe(CN)¢]
e Mangan va mét so hop chit ciia mangan

Céu hinh v6 electron ho4 tri cia nguyén tir mangan 1a 3d°4s®. Mn ¢ nhom VIIB,
s6 oxi hoa cao nhit 1a +7 cac sb oxi hoa khéc 1a +2, +3, +4.

Mn la kim logi tuong doi hoat dong. O dang bot nho, mangan tdc dung véi nude
giai phong hidro:

Mn +2H,0 —— Mn(OH), + H,t

Phan Ung xay ra méanh liét khi trong nudc c6 mudi amoni vi Mn(OH), tan trong

dung dich mudi amoni:

Mn(OH), + 2NH,* —— Mn?* +2NH; + 2H,0
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Mn tao duwoc cdc oxit: MnO, Mn,Os, MnO,, Mn,O; theo chiéu tang s6 oxi hoa
ciia mangan thi tinh bazo giam dan, tinh axit tang dan. MnO va Mn,O3 1a oxit bazo,
MnO; 1a oxit ludng tinh, Mn,0O- 1a oxit axit tuong ing véi axit pemanganic HMnOy,.

Hop chat cia Mn** ¢6 tinh khir:

2Mn(OH), + O, — 2Mn0O,! + 2H,0

lon Mn?* ¢6 thé tao phirc chit véi NHz va CN ...

Hop chit ctia Mn** ¢6 ca tinh oxi hod va tinh khi.

Hop chit ctia Mn"* ¢ tinh oxi hod manh. Trong hod hoc dung KMnO, dé dinh
luong chét khir nhu:

2KMnO, + 10FeSO,4 + 8H,S0, — 2Mn0O, + K,;SO, + 5Fe,(S0,); + 8H,0

e Crom va mét so hop chit ciia Crom

Crom c6 c4u hinh v electron hod tri c6 dang (n-1)d°ns*

Crom la kim logi, trong d6 cac hop chat thudng cac s6 oxi hoa +3 va +6.

Crom tao voi oxi tao thanh 3 oxit: CrO (oxit bazo), Cr,03 (oxit ludng tinh), CrOs
(oxit axit ). Twong tng véi cac oxit do6 la Cr(OH), c¢6 tinh bazo; Cr(OH); ludng tinh,
H,CrQO, la axit manh.

Cac hop chit Cr** ¢6 tinh khir manbh, vi du:

4Cr(OH), + O, +2H,0 — 4Cr(OH)3!
Cdc hop chdt Cr®* nhu K,CrO,, K,CrO; ¢6 tinh oxi hod. Vi du:
K,Cr,O; + 6FeSO, +7H,SO, — K,SO4 + Cry(SOy)3 + 3Fey(SOy4)3 + 7TH,0
o Kém, thuy ngan va mot sé hop chit ciia chiing

Céu hinh v6 electron hod tri ctia nguyén tir kém (Zn) va thuy ngan (Hg) c6 dang
(n-1)d*®ns®. Ca hai nguyén t6 & nhom I1B. K&m va thuy ngan déu 1a kim loai, trong dé
thuy ngan kém hoat dong (E°ugomg = 0,854V). Trong cac hgp chat Zn chi c6 s6 oxi
hoa +2, con Hg ¢6 s6 oxi hoa +1(do c6 “day” - Hg - Hg- ) va +2

Cdc oxit ZnO, HgO co tinh bazo.

Hidroxit Zn(OH), ¢ tinh luéng tinh, c6 kha nang tan trong NH,OH do ion Zn**
tao phtrc voi NHj

Hg(OH), coi nhu khong ¢6 vi nd bi phan tich thanh HgO ngay khi vira tao thanh.

Céc ion Zn?* va Hg®" ¢6 kha ning tao phuc chét. Vi du:
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Zn* +4NH; 3>t [Zn(NH3)]*

Hgl, +2KI — K;[Hgl4]
(do son) (khong mau)
lon Hg?* c6 tinh oxi hod, ion Hg,** ¢6 tinh khir va tinh oxi hod. Vi du:
2HgCl, + SnCl, — SnCl; + Hg,Cly1
tréng
Hg,Cl, + SnCly(duw) —» SnCl, + 2Hg!
den
Hg,Cl, + 2NH,OH — NH,HgCI ! + Hg! + NH,CI + 2H,0
trang den
e Péng, bac va mét so hop chiit ciia dong, bac
Céu hinh vo electron hod tri ctia nguyén tir déng (Cu) va bac (Ag) c6 dang (n-
1)d*°ns’. Hai nguyén t6 déu & nhom IB.
Pong, bac déu la kim loai kém hoat déng. Trong cac hop chat thudng gip Ag co
s6 oxi hod +1, Cu ¢6 s6 oxi hod +1 va +2.
Céc oxit CuO, AgQ,0 c6 tinh bazo
Cu(OH), kho tan, ¢6 tinh bazo
Thuec té khong c6 AgOH vi n6 bi phan tich thanh Ag,0 ngay khi vira tao thanh.
Cac ion Cu®* va Ag™ dé tao phirc chat. Vi du:
Cu** + NH,OH }>t [Cu(NHs)]* + 4H,0

mau xanh dam

AgCl +2NH,0H 3>t [Ag(NHy),]Cl + 2H,0

Khdéng mau

7.3. Khai niém vé phirc chat

Khi nghién ctru cac nguyén to bo d ching ta da thdy cac nguyén té bo d co kha
nang tao phirc chit [Zn(NH3)4]**, Ko[Hgls], Ka[Fe(CN)g]. ..

Nguoi ta chia cdu tao ciia phitc chit gdm cau ndi phirc chat va cau ngoai phirc
chat. Cau noi phirc chit (con goi 1a ion phirc) gdm chdt tao phirc chat va phoi tir duoc

viét trong diu moc vudng. Chdt tao phirc thuong 13 ion dwong kim loai, dic biét 1a cac
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ion kim loai chuyén tiép nhu Ag*, Cu*, Fe®*, Co®, Zn®*, Ni**...Phéi tir ¢6 thé 1a ion
am (F 7, Cl 7, OH ") hodc phan tir (NHz, H,0).

Céc ion phure ¢6 cau tao nhu sau:

24+
CN
H-N NH; NC CN
’ ™~ Cu ~ ™~ ]:l"'e’/
NS ONH, NC” (|:N\‘“ CN

Pién tich ctia cau noi 13 tong dién tich cla cac ion ¢ trong ciu noi.
Nhitng ion nam ngoai va nguoc dau véi cau ndi tao nén cau ngoai.
[Zn(NH3)s] Cl, Ks [Fe(CN)g]
caundi | cau ngoai ciu ngoai | ciu noi

S6 phéi tir bao quanh chit tao phirc xac dinh s phéi tir ciia chat tao phirc.

Vi du: S6 phbi tir ctia ion Zn**, Fe?* trong hai chit phirc trén 1a 4 va 6. Mot sb
chét tao phirc c6 sb phdi tir ¢b dinh trong tit ca cac phirc chét, vi du nhu Cr** va Pt*
ludn 1udn c6 sb phdi tir 1a 6. Pa s6 chit tao phirc c6 thé co sd phdi tir khac nhau tuy
thudc vao ban chat cua phéi ttr va diéu kién tao thanh phtc chat, vi du ion Ni%* trong
phtec chat c¢6 thé co cac s6 phdi tir 4 va 6.

Trong ion phuc s6 cac phdi tir vugt qua sb can thiét ing v6i hod tri ¢o dién cua
nhan trung tim trong cic hop chét thong thuong. Vi du: Ag” c¢6 hoa tri 1, nhung lién
két dugc hai phan tir NHs; Fe®* ¢6 hoa tri 2, nhung lién két dugc 6 ion CN . bay la
dau hiéu chinh dé nhan biét mot phuc chat.

Nguoi ta ciing gip nhitng phtrc chit khong co ciu ngoai, nhu [Co(NHs)sCls],
phirc chit c6 nhiéu hon mot nhan trung tam, nhu [Co,(NH3)g(OH),](NOs), hodc mot
phan tr phirc chat chira hai ion phirc, nhu [Pt(NHj3)4][PtCl,].

e Tén goi ciia phikc chit.

Gidng v6i hop chit don gian, tén goi clia phirc chat bao gém tén ciia cation va
tén cua anion.

Tén goi ctia ion phirc gdm c6: s6 phdi tir va tén phdi tir 1a anion, sd phdi tir va tén
ctia phdi tir 13 phén tir trung hoa, tén ctia nguyén tir trung tim va s6 oxi hoa.

Vi du: tén goi ciia mot sb phuc chat:

[Co(NH3)6]Cls : Hexa amincoban(l11) clorua
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Na,[Zn(OH),]: Natri tera hidroxozincat
K4[Fe(CN)g] : Kali hexa xianoferat(ll)

Khi phirc chét tan trong nuée, phan tir ciia n6 phan li hoan toan ra ion ion phirc
va cau ngoai cua phuc chat. Sau d6 ion phirc phan 1i khong hoan toan ra timg phdi ti.
Vi du:

[Ni(NH3)6]Cl, —— [Ni(NH3)s]** +2CI-
[Ni(NH)e]™* 3>t Ni*" +6NH;

M&i phuong trinh phén li khong hoan toan ra phéi tir tng v6i hang s6 dién li ciia
ion phtrc. Tir cac hang sd nay ta c6 thé biét duoc mirc do phan li cta ion phuc trong
dung dich.

Mot s phéi tir 1a hop chat hitu co ¢ thé tao phirc chat vong cang véi ion kim

loai. Vi dy, etylendiamin tao nén vong 5 canh, con axetylaxetom tao nén vong 6 canh:

_CH,
_NH, —CH, 0=C_

¥ M CH
No_c”

“\NH,— CH, ~ UNCH,

Trong hod hoc phan tich, ngudi ta dung trilon B (mudi dinatri cia EDTA) dé dinh
lugng céac cation kim loai;

Pé nhan biét cac peptit ¢6 tir hai lién két peptit trd 1én ngudi ta cho protein tac
dung v&i Cu(OH), trong méi trudng kiém cho phtrc chat c6 mau xanh tim.

Trong y hoc, ngudi ta ding mudi Na-Ca cia EDTA dé loai nhiing ion kim loai
nang nhu Hg®*, Pb** va Cd®* ra khoi co thé khi bi ngd doc boi nhimng kim loai d6. Diéu
dang cha y 1a mot s6 mudi kho tan nhu BaSO, co thé tan trong dung dich trilon B.

Tuong tu nhu vay, cdu can trong ndi hoa hoi co thé tan trong dung dich trilon B.
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7.1.

7.2.

7.3.

7.4.

7.5.

7.6.

1.7,

7.8.

7.9.

CAU HOI VA BAI TAP

Néu céc tinh chit vat 1i va hoa hoc thé hién su khac nhau gitra kim loai va phi kim
?

Giai thich tai sao cac kim loai kiém c6 tinh khir manh nhat so véi cac kim loai
khac trong bang tuan hoan va tinh chit ndy ting dan tir trén xudng dudi trong
nhom. Lay vi du minh hoa.

Piéu kién dé mot kim loai day dugc hidro ra khoi axit (H,SO, loing, HCI) ra khoi
nuée (6 pH = 7) 1a gi? Lay vi du minh hoa.

Tai sao mot kim loai tac dung véi H,SO,4 dac, nong va HNO;z; khong cho hidro?
San pham cta phan ung 1a gi? Lay vi du minh hoa.

Viét cac phuong trinh phan tng sau:

1.Fe +Cl, X 2. Fe + HCI
3.Fe +Fe* ; 4. Fe** + Ag'
5 Fe +S : 6. Fe +C

Giai thich vi sao hidro vira c6 tinh khtr, vira ¢6 tinh oxi hoa. Trong hai khuynh
hudng d6 khuynh huéng nao 13 dién hinh?

Tai sao flo khong c6 sb oxi hoa duong trong cac hop chat va chi c6 hod tri 1, trong
khi do6 cac halogen khac lai ¢6 ca sb oxi ho4 duong va co cac hoatri 1, 3, 5, 7?

1. So sanh c4u tao phéan tir hidrosunfua véi cau tao phan tir nudc.
2. Tai sao & diéu kién thudng H,S 1a chit khi, nhung H,0 lai 1 chit 16ng?

Dién phan hidrua LiH nong chay s& thu dugc khi hidro ¢ anot hay catot? Giai
thich.

7.10. Giai thich tai sao HF, NH; lai ¢6 nhiét d6 néng chay va sbi cao bat thuong va do

tan trong nude 16n hon nhiéu so v6i cac hop chat cung loai trong nhom?

7.11. Viét cac phuong trinh phan @ng sau:

C|2 +KBr — ...
Br, +KI — ...
T hai vi du trén hay cho biét tinh oxi hoé cua Cl,, Br,, I, va tinh khir cta

Cl°, Br", | “bién do6i nhu thé nao trong nhém halogen. Giai thich.
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7.12. Tai sao khi tron hai dung dich Cr,(SO,); va Na,S khong thu dugc Cr,S; ma thu
dugc Cr(OH)3 va H,S.
7.13. Phan Ung:
CO(k) +H,O(k) > COy(k) + Hx(k)
O 850°C cO K = 1.
1. Tinh ti 1& chuyén ho4 ctia CO néu xuét phat tir hdn hop dong phéan tir cia CO
va H,0 ¢ 850°C.
2. Néu dung s6 mol H,O gap 99 1an s6 mol CO thi ti 1&¢ chuyén hod ctua CO la
bao nhiéu?
bS:1.a=0,5  2.a=0,99.
7.14. Po hoa tan ctia Mg(OH), trong nudc nguyén chat & 25°C va 100°C lan luot 1a
8,99.10° va 4,002.102 g/I.
1. Tinh tich s6 caa Mg(OH), ¢ hai nhiét d¢ trén.
2. Tinh pH cua dung dich bdo hoa ¢ 25°C
PS: 1. TMg(OH), = 1,49.10™
2. pH =10,49
7.15. Dung dich bao hoa AgCl c¢6 pH = 7. Tron 950 ml bao hoa AgCl voi 50 ml dung
dich HCI 1M. Tinh pH cta dung dich va nong do ciia Ag" sau khi tron, biét rang
TAgCl = 1,77.107".
PS:pH=13; $=3,54.10"M
7.16. Trong sb cac kim loai kiém dudi day, kim loai nao c6 ning luong ion hod cao
nhat.
A. Cesi; B. Liti; C. Kali; D. Rubidi
7.17. Cho so d6 sau:
X +H,S0, — FeSO, +S0O, +H,0
Hay cho biét X 14 chat nio trong s6 cac chat sau day?
A. Fe B. FeS C. FeSO; D.caA,B,C
7.18. Hoa tan hoan toan 10 g oxit kim loai c6 cong thitc RO vao 125 ml dung dich
H,SO,4 1M. Vay cong thirc cua oxit la:
A. MgO B. CaO C. FeO D. CuO
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PHAN 2. THU'C HANH HOA HQC PAI CUONG
BAI 1. BAI MO PAU

1. NOi quy va cac thao tac co ban
1.1. Gi6i thiéu n¢i quy phong thi nghiém
1. Nhitng nguoi khong c6 nhiém vu khong duge vao phong thi nghiém.
2. Vat dung c4 nhan dé ding noi quy dinh.
3. Khi vao phong thi nghiém phai mic 4o Blouse, deo khau trang, mang ging
tay, cOt toc gon gang.
4. Khong 4n udng, hit thudc trong phong thi nghiém.
5. Khéng sir dung trang thiét bi trong phong thi nghém khi chwa duoc hudng
dan cu thé.
6. Khong duge mang hod chat, dung cu ra ngoai khi chua duoc sy dong v cua
truong phong thi nghiém.
7. Khi roi phong thi nghiém phai kiém tra dién, nudc, khoa cira.
8. Khong dua giom, gy mat trat ty trong phong thi nghiém gay do bé dung cu,
hoa cht.
9. Giit gin vé sinh sach s& noi minh l1am thi nghiém va xung quanh. Tiét kiém
dién, nude, hoa chit.
1.2. Quy tic biao hiém khi lam thi nghiém
1.2.1. Thi nghiém véi chit doc
Thi nghiém véi cac khi doc phai tién hanh trong ta hdt hodc noi thoang gio, mé
rong ctra phong. Khi ngiri cac hoa chat, khong dé miii gan miéng lo, ma dung tay phay
nhe.
1.2.2. Véi cac chat dé dn da va giy béng.
Céc axit dic, kiém dic, photpho tring, brom long... d& an da, gy bong ning,
khong dé roi vao nguoi, dic biét 1a mat.
Khi pha lodng H,SO, phai d6 axit vao nudc, rot cham ting luong nho va khudy

déu, tuyét doi khong dugce d6 nude vao axit.
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1.2.3. Véi cac chat dé chay, dé nd.

Khi can dun nong, khong dun truc tiép ma dun cach thuy.

Lam thi nghiém véi cac chat d& nd phai than trong va theo dung huéng dan
trong tai li¢u.

1.2.4. Khéong dwoc Iam viéc véi ngudn nong gan mét chit long dé chay

Khi dun néng chat 16ng dé chay, phai dun binh cach thuy c6 nhiét d6 thip hon
nhiét do tu bde chay cua hoa chét.

Khi dun néng binh, cbc thuy tinh bang ngon lira truc tiép, phai dung ludi tan
nhiét.

Khi dun ng nghiém, dung kep gd kep than 1/5 éng tir dau dng nghiém.

Dung qua bop cao su dé 1ay hoa chat 16ng vao pipet; khong hut bang miéng d6i
v6i hoa chat doc. Khong dung pipet dé ldy chat 1ong truc tiép tir binh chira ma d6 qua
coc dot. Dung coc do dé lay axit ddc va bazo dam dic. Chi dung nudc cét trong pha
ché cac dung dich. Khi pha ché dung dich axit, bao gio cling d6 axit vao nudc, vira do

ting luong nho vira khudy déu.

1.3. Cach t chirc va tién hanh thue nghiém
1.3.1. Té chirc thue nghiém

MBJi 16p sinh vién duoc chia thanh cac t0, mdi to tir 15+20 sinh vién. Dé thuc
nghi¢m co két qua tdt, mdi to sinh vién duge chia thanh nhiéu nhom tir 2+3 nguoi. Poi
v6i1 nhitng bai thyc nghi€ém ma dung cu va thao tac phuc tap thi cd nhém (hoac ca té)
cung lam mot thi nghiém; nhitng bai thi nghiém don gian thi mdi sinh vién phai tur
lam.

Khi dén 1am thi nghiém, to truong (hay nhom truéng) phai nhan coéng cu, hoa
chat ciia can b phong thi nghiém va phai kiém tra lai néu hong phai bao ngay véi can
bd phong thi nghiém. Cudi budi thi nghiém phai xép lai hod chat, dung cu va ban giao
v&i cac bd phong thi nghiém.

T6 trudng c6 trach nhiém duy tri va dén doc cac to vién cua minh thuc hién
nghiém chinh noi quy do phong thi nghiém dé ra.

1.3.2 Tién hanh thi nghiém.

MJi bubi thi nghiém phai qua 3 giai doan:
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Giai dogn 1. Chudn bj truwéc bai thi nghigm ¢ nha

Trude khi dén lam thi nghiém sinh vién phai chudn bi trudc bai thi nghiém & nha
(viét ra gidy) cac phan:

- Ly thuyét van dung cho bai thi nghiém

- Du kién cac hién twong xay ra, tinh toan sé liéu, viét va can bang cac phuong
trinh phan tng.

- Giai thich va két luan nhiing van dé s& lam thi nghiém.

Sinh vién nao chua chuan bi bai thi nghiém k¥ ¢ nha thi chua dugc lam thi
nghiém cua hom do.

Giai doan 2. Tién hanh thi nghiém

Lam thi nghi€ém Hoéa hoc doi hoi sinh vién phai cé y thic ty rén luyén minh mot
cach nghiém khic dé nang cao trinh d6 thao tac, xdy dung cho minh mot k¥ ning, k¥
x40 vé thi nghiém Hoda hoc. Tuyét ddi khong lam au, 1am qua loa, dai khai. Méi sinh
vién phai cht ¥ mot sé diém sau day:

- Tt ca dung cu thuy tinh trudc khi dem ding cin phai rira sach (néu can phai
trang bang nudc cat, siy kho)

- Cac 1o hoa chat phai luén dugc dat trén gia, khong xao tron vi tri, khong duogc
mang di mang lai lung tung. Mdi lo hoa chat c6 mot éng nho giot riéng, khong cam
nham sang lo khéc.

- Khi sir dung thiét bi, may moéc phai c6 su hudng dan cua can bd phu trach.
Khong ty dong diéu chinh khi chuwa nim dugc quy trinh hoat dong cta thiét bj may
mac.

- Mbi nhom lam thi nghi¢m tai mot chd quy dinh, khong di lai 1on xdn, khong
gy 6n a0 mat trat ty.

Giai doan 3. Viét bai bdo cdo thi nghiém

Khi thi nghiém xong, sinh vién phai tu rira sach 6ng nghiém, dung cuy; thu don

sach s& chd lam viéc; sau d6 1am bao céo thi nghiém ndp cho giang vién.

Béo cdo thi nghiém lam theo mau sau:

Tén | Héachat, | Cach tién Giai Ghi
STT . Hién twong ) )
TN dung cu hanh thich cha
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2. Mot s6 dung cu thi nghi¢ém héa hoc

2.1. Mt s6 dung cu thi nghiém béng thity tinh khong chia dd

Wah
LSt

=

g h
Hinh 1. Mét 56 dung cu thuy tinh khong chia do

Ong nghigm (hinh 1a): Pugc dung dé tién hanh céac thi nghiém véi luong nho hoa
chit, c6 nhiéu loai 6ng nghi¢m véi kich thudc khac nhau, cé loai ¢c6 nhanh dé tién
hanh céc thi nghiém c6 khi thoat ra, cé loai hinh chit u dé tién hanh céc thi nghiém
dién phan dung dich. 6ng nghiém c6 thé dugc 1am bang thiy tinh thuong hodc thuy
tinh chiu nhiét tuy vao muc dich st dung.

Binh nén (hinh 1b): Dung dé chuan d6 cac chat

Céc thiiy tinh (hinh 1c): Thuong dung dé 14y nudc cat, pha hoa chat hodc tién hanh
cac phan tng véi lugng 16n hoéa chat. Coc thiy tinh co loai c6 mé, ¢ loai khong cod
mo.

Phéu (hinh 1d): Dung d¢ loc va rot chat 16ng, khi dung phéu duoc dit trén gia hay truc
tiép trén dung cu hing.

Binh cau (hinh le): C6 hai loai binh cau, binh ciu ddy bang va binh cau ddy tron, co
loai c6 nhanh va c6 loai khong cé nhanh.

- Binh cau d4y bang dung dé pha hoa chit, dé dun cac chat 1ong, dung 1am binh

- Binh ciu day tron dung dé cit, dun sbi hoic 1am nhiing thi nghiém cin dun

nong. Binh cau c6 nhanh dung dé diéu ché cac chat khi.
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Chdu thiiy tinh (hinh 1g): Thuong duoc dung dé dung nudc, hoa chit thira sau céc thi
nghiém.

Phéu chiét (hinh 1h): Phéu chiét c6 nut day va khoéa nham, dung cho cac thi nghiém
can thém tir tir cac dung dich hodc dung dé chiét cac dung dich.

Thia tity tinh (hinh 1i): Dung dé 1ay hoa chat.

2.2. Mt s6 dung cu thity tinh cé chia d9

Volumetric
'
-

l Mohr - Measuring
‘ Serological « Measuring

b
L FALCON . s

Hinh 2. Mét 56 dung cu thuy tinh co chia do

Ong dong (hinh 2a): Dung dé 13y héa chat, c6 nhiéu loai dng dong véi kich thude
khac nhau tir Sml dén 1lit.
Binh dinh mirc (Hinh 2b): Dung dé pha cic dung dich c6 ndéng do xac dinh hay dé
dong mot thé tich chat 16ng twong ddi chinh xac. C6 nhiéu loai binh dinh murc véi cac
dung tich khac nhau, trén thanh binh nguoi ta ghi thé tich ctia binh va nhiét d6 ma binh
chiu dung duoc.
Buret (hinh 2¢): Dung dé lay mét luong nho dung dich véi do chinh xac cao ¢& 0.1ml
hodc dung dé chuan do cac chit.
Pipet (hinh 2d): Dung dé iy hoa chat chinh xac mot thé tich chat 1ong. C6 hai loai:
loai pipet c6 dung tich ¢ dinh va loai pipet c6 chia do. Pipet thuong c6 dung tich 10,
20, 25, 50 ml va nhirng micro pipet c6 dung tich 1, 2 va 5 ml.

Cach st dung pipet: Mudn 14y chét 1ong vao pipet phai ding qua boép cao su.

Trudc hét ta dung tay bop qua bop cao su dé tao nén sy chénh léch vé ap suit, tay trai
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cam pipet cht ¥ ngon tay tro luén dé gin miéng trén cia pipet dé c6 thé sin sang bit lai
khi d ldy xong héa chat.

Dit dau ho qua bop cao su vao pipet, nhung dau con lai cua pipet vao chit long
va tha 10ng tir tir qua bop cao su dé chat 1ong di vao pipet mot cach tir tir. Sau d6 dung
ngon tay troé bit lai, dua pipet 1én khoi mit chat 16ng, dung gidy lau kho chét 1ong bén
ngoai pipet. Sau d6 nang ngin trén cla pipet 1én ngang mit sau d6 hé nhe ngdn tré cho
chat 16ng xudng tir tir ddng thoi quan sat lugng chét long cho t6i lugng thé tich can ldy

thi dung lai.

2.3. Mt s6 dung cu thity tinh diic biét

Hinh 3. Mét s6 dung cu thuy tinh c6 hinh dac biét

Binh hat dm (hinh 3a): Dung l1am khd cac chat bang phuong phap hoa hoc. Nguoi ta
thuong dé cac chat hut am nhu: CaO, CaCl, khan, ... ¢ phia dudi va dé cac chit can
lam kho 1€n trén nhu hinh vé.
Binh Kip (hinh 3b): La dung cu ding diéu ché chat khi tir chat ran va chat 1ong. Khi st
dung binh kip can lvu ¥ nhu sau:

- Chat ran cho vao binh qua cau giita khong qué 1/3;

- Cho chit 1ong vao qua cau trén cung cho téi khi chat 1ong trong qua cau dudi

gan voi chat ran thi khoa lai.
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2.4. Mt s6 dung cu bang si

- "

a b c

Hinh 4. Cdc dung cu bang sir
Chén sir (hinh 4a): Dung dé nung cac chit, ddt chay cac chat hiru co khi xac dinh
tro... Chén st nung c6 thé chiu dén nhiét d6 1200°C trong 16 nung.
Chay, céi sir (hinh 4b): Ding dé nghién cac hoa chit ran.
Bat s (hinh 4c¢): Dung dé co can cac dung dich, tron cac hoa chét rin v&i nhau, dun

chay céc chit....

2.5 Mt s6 dung cu khac

o T
—

Hinh 5. mét s6 dung cu khdc
Gid sdt (hinh 5a): Di cung véi gia sit con co con bo, cac vong, kep. Khi cip 6ng
nghiém hay cac loai binh phai ¢6 cao su 16t noi tiép xtc giita kep sit va dung cu thay
tinh dé tranh nit va.
Luwdi amiing (hinh 5b): Khi dun néng cac binh thiy tinh bang dén con nguoi ta
thuong dung ludi ami dng dé tranh khong cho binh thuy tinh tiép xac truc tiép véi

ngon ltra.
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Gid dung éng nghié¢m (hinh 5c): Gia dung dng nghiém thuong lam bing gb, thép
khong gi hay nhya, dung dé Gp dng nghiém hoic gia d& 6ng nghiém khi tién hanh cac
thi nghiém.

Kep g6 (hinh 5d) : Dung dé kep dng nghiém, khi di cho dng nghiém vao kep rdi thi
khong nén ding ban tay 1dm ca hai nhanh ctia kep ma chi cdn cam chic mot nhanh dai
la duoc.

Pén céon (hinh Se): Dung dé dun néng khi 1am thi nghiém. Khi dung dén con luu ¥ 13
khong duoc dung miéng dé thoi tat dén con ma phai ding nip up vao, khong dugc
ding dén con nay cham lira cho dén khac, khong duge do con qua day.

Binh tia (hinh 5f): Binh thuong dugc dung dé rira két tia bam trén thanh 6ng nghiém;

de rua két tda trén giay loc; dé rira dng nghiém bang nudc cat.

3. Nhirng thao tac thuc hanh co ban trong phong thi nghiém
3.1. Rira dung cu thi nghiém
3.1.1. Phuwong phap co hoc

Dung cu rira 1a chéi 16ng. Tuy kich thudce cua binh, 6ng ma chon chdi cho phu
hop.

Doi véi cac chét ban tan duge trong nude thi chi can dung nude thudng hay nude
nong 1a dugc. Dbi véi cac chat khong tan trong nude nhu chit béo,.. thi cn cho thém
cac dung moi hitu co hay dau rira chén bat.

Khi rira ng nghiém cht y khong va cham manh dau va dudi cudi chdi (bang sat)
vao miéng va ddy dng nghié¢m.

3.1.2. Phwong phap hoa hoc

- Ngam (hodc rira) trong hdn hop sunfocromic
Céach diéu ché hdn hop sunfécomic: nghién nhd 5g K,Cr,04 16i cho vao 100ml H,SO,
dic, dun nhe 60 +700 dén tan hét.

- Néu dung cu dinh ddu m& hay hop chat hitu co thi rira dung cu nay bang dung
dich KMnO,. Doi 10 phut tai chd bam cac chét hitu co s& c6 két thia MnO,, sau do rira

sach két tia ngay bang HCI dic hay dung dich H,C,0,.
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3.2. Loc va rira két tia

Mudn tach két tua ra khoi dung dich ra phai loc va ria két tia: dung phéu loc.
Céc bude tién hanh nhu sau:

- Rira sach phéu loc;

- Gap gidy loc dit vao phéu, dung nudc tim udt déu gidy loc ap sat vao thanh
phéu;

- D6 dung dich chay theo diia thuy tinh vao gidy loc, chat long s& chui qua gidy
loc, két tia duoc gitr lai.

Mudn rira két tua trén gidy loc: d6 dung dich rira chay theo diia thuy tinh rudi déu

bé mat két tia

. 7
Fold /
N,
N
\
-
A/g o Q

Afold

"™ One corner of fold
is cut off to make
a tighter fit

Hinh 6. cdch gdp gidy loc (a), cdch rét chat 1ong vao phéu cé gidy loc (b)

3.3. Can va phuong phap can

Can 1a dung cu quan trong nhat trong phong thi nghiém Hod hoc. Tuy muc do
chinh x4c cua cong viéc ma can dugc chia thanh nhiéu loai v&i do chinh xac khéc
nhau. Thong thuong trong phong thi nghiém Hod hoc dung hai loai can chinh sau:

a) Can k¥ thuat: d¢ chinh xac 0,01g;

b) Can phan tich: d chinh xac 0,0001g.

Trong cac loai can néu trén dang dugc sir dung tai cac phong thi nghi€ém Hoa hoc

bao gém nhiéu chiing loai nhiéu thé hé nhu:
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- Can co hoc: (quang treo);

- Can co hoc dung dién (quang treo);

- Can dién tir (hién s6).

Hi¢n nay thé hé cua can dién tir hién s6 dang dugc st dung rong rai voi uu diém
ndi troi 1a: DE sir dung, két qua can c6 do on dinh cao.

Sau ddy 1a mot s6 qui tic chinh trong st dung can dién tir hidu sé:

- D3t can ngay ngén trén ban & trong phong khong ¢ gi6 (tot nhét 1a trong phong
diéu hoa nhiét do 20°C). P thing bing cia can dugc kiém tra bing bot nudc trong
can (néu co).

- Cam dién vao nguén 220V; bat cong tic (ON/OFF) cho can lam viéc; doi
khoang 1+2 phiit cho c4n on dinh 1a ¢ thé can dugc.

- Hoa chat dem can phai c6 bao bi ma khong dé truc tiép 1én dia can (thi du: can
hoa chét ran phai goi vao gidy khong hut am).

- Vat dem cén khong dugce néng qua hodc lanh qua. Néu khong phai cho vat dat
dén nhiét do phong méi dat Ién dia can.

- Khéng can vat c6 khdi luong 16n hon trong tai cho phép cia can.

- Khong duoc dung tay can thir (d¢ 1én dia can). Khong duoc dat vat nang Ién can

(ké ca khi can khong cam dién).

CAU HOI VA BAI TAP

1. Hay néu cac budc lam sach dung cu thuy tinh trong phong thi nghiém hoé hoc.
2. Qua trinh dun néng cac phan Gmg hoa hoc bang dng nghiém hoic cic dung cu thuy
tinh khac phai lam nhu thé nao?
3. Hay trinh bay cac nguyén tic sir dung can dién tir hién sb.

4. Hay tinh luong tinh thé Na,SO,, can pha 500ml dung dich Na,SO, 1M
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BAI 2. CAN BANG HOA HQC-TOC PQ PHAN UNG HOA HQC

1. Phan ly thuyét

Xem chuong 4: Toc d phan ing va can bang hoa hoc trong phan li thuyét
2. Phin thyc hanh
Thi nghiém 2.1. Anh huéng ciia ndng do téi can bang.

Héa chit: dung dich FeClz; KSCN hoac NH4SCN bao hoa; KCI hoac NH4Cl tinh thé.

Dung cu: 4 dng nghiém; cdc; pipet. ..
Cach tién hanh:

ROt 30ml nuée cat vao cde 50ml; thém dung dich bao hoa FeCl; va KSCN, mdi
thir 1- 2 giot, quan sat mau do sang ciia hdn hop (néu can c6 thé pha lodng hon hop
bing nude cat); chia déu hdn hop 16ng vao bén 6ng nghiém:

éng 1 gilt nguyén (dung dé so sanh),

6ng 2 cho thém vai giot dung dich FeCls,

6ng 3 cho thém vai hat tinh thé KCl1 va lac déu,

6ng 4 cho thém vai giot KSCN.

Quan sat va giai thich su thay d6i cudng d6 mau sic trong cac 6ng nghiém. Can
bang chuyén dich theo chiéu nao?

Thi nghiém 2.2. Anh huong cua nhi¢t do td1 can béng

Héa chat: axit HNO; dic; Cu kim loai.

Dung cu: binh cau; phéu nho giot; éng cao su...
Céch tién hanh:
Tién hanh diéu ché NO, tir axit HNO3 dic va Cu.

Thu khi NO, d6 nau vao hai binh cau day tron dugc . o
Hinh 8. Thiet bi khao

thong voi nhau béng 6ng thuy tinh c6 khoa. sat anh huong cia

DPong khoa, sau d6 nhiing mét binh vao cbc chira nude nhi¢t do toi can bang
da va mubi; binh kia nhing vao cc nudc noéng gia. Quan sat mau sac & hai binh. Giai
thich?

Mo khoa va quan sat mau sac ¢ hai binh va giai thich?
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Thi nghiém 2.3. Anh huéng ciia ndng do chat phan tmg dén tdc d6 phan Gng trong hé

dong thé.

Héa chit: dung dich Na,S,03 0,2M; H,S0O, 0,2M
Dung cu: ong nghiém; pipet...

Cadch tién hanh:

Dung pipet cho vao 3 dng nghiém mdi dng 3ml axit sunfuric 0,2M.

Lay 3 6ng nghiém kho khac danh s the tu 1, 2, 3. Dung pipet cho vao ong tht
nhat 1ml natri thiosunfat 0,2M va 2ml nudc cat; 6ng thtr hai cho 2ml natri thiosunfat
va Iml nude cat; dng thir 3 cho 3ml natri thiosunfat 0,2M. Lic déu cac 6ng nghiém.

D6 nhanh dung dich axit sunfuric tir mdt trong 3 6ng nghiém da chuan bi & trén
vao ong nghiém 1, lic déu. Dung dong hd bam gidy theo ddi thoi gian tir lac d6 hai
dung dich vao nhau cho dén khi xuét hién két tua duc sira.

Tién hanh thi nghiém v&i 6ng nghiém 2 va 3 tuong ty nhu 6ng nghiém 1.

ChU y quan sat két taa duc sira nhu nhau trong cac 1an thi nghiém, ghi két qua

vao bang. Nhan xét va giai thich?

STT Thé tich (ml) Ti 1& nong | At(s) s AViV;
H,SO, |NaS,0; |H,O | Téng | d0 Na,SOs Al v,
Cy; Cs; Cs
1
2
3

Thi nghiém nay cé thé lam mét cach dinh tinh bang cdch tién hanh do dong thoi
ong dwng axit sunfuric vao 3 éng nghiém roi quan sat ma khéng can do thoi gian.
Thi nghiém 2.4. Anh hudng ciia nhiét 6 dén toc d phan ung
Héa chit: dung dich KMnO, 0,05M: H,C,0, 0,1M; H,SO, 0,1M.

Dung cu: 6ng nghiém kho; pipet; dong hd bim gidy...
Cdch tién hanh:

Dung pipet liy vdo 6ng nghiém khoé 2ml dung dich kali pemanganat 0,05M va
vao 6ng nghiém kho khac 2ml dung dich axit oxalic 0,IM, 2ml dung dich H,SO,
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0,1M. Sau d6 tron 2 dung dich ¢ hai éng nghiém vao nhau, dung dong hd bam gidy ghi
thoi gian tir lc tron dén khi dung dich mét mau hoan toan.

Tién hanh thi nghiém tuong tu nhu trén ¢ cac nhiét do khac:

- Nhiét d6 phong 30°C;

- Nhiét d6 phong 40°C;

- Nhiét d6 phong 50°C

Céc thi nghiém duoc tién hanh trong binh diéu nhiét. Trudc khi tron hai dung
dich phai ngam cac 6ng nghiém dung cac chat phan tng trong binh diéu nhiét khoang
10 phiit dé cho nhiét do ctia chiing bang nhiét 6 cua binh. Sau khi tron 2 dung dich
khong nhac 6ng nghiém ra khoi binh diéu nhiét.

Ghi két qua vao bang, nhan xét va giai thich.

STT | Nhi¢t do phan ing (OC) Thoi gian At (S) Téc d6 phan tng v = Ait

V& d6 thi su phu thudc nhiét do cua téc d6 phan tng vao nhiét d6. Nhan xét do
thi thu duoc.
Thi nghiém 2.5. Anh hudng cta chit xtic tic dong thé dén téc do phan Gng
Héa chit: C,H,0, 0,1M; H,S0,4 0,1M; KMnO, 0,1M; MnSO, 0,1M.

Dung cu: dng nghiém; buret; pipet
Cdch tién hanh:
Lay vao 2 6ng nghiém mdi éng 2ml dung dich axit oxalic 0,1M; 2ml axit sunfuric
0,1M.
Thém vao 6ng nghiém 1 vai giot MnSO, 0,1M.
Cho vio ca hai dng nghiém, mdi 6ng 1ml dung dich kali pemanganat 0,05M.
Quan sat sy mat mau trong hai 6ng nghiém. Cho biét chit xuc tac anh hudng nhu
thé nao t6i tbc d6 phan Gmg?
Thi nghiém 2.6. Anh hudng ciia chat xtc tac di thé dén téc do phan tng

Héa chit: 1, tinh thé; bot Al

Dung cu: Chay cdi si; binh tia. ...

Cich tién hanh:
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Cho vao cbi str kho mét it tinh thé iot; dung chay s&t nghién nhé sau d6 thém bot
nhom; tron déu bang dila thuy tinh. Nhan xét c6 phan tmg xdy ra khong?
Sau d6 cho thém vao vai giot nude. Nhan xét phan tng, néu vai trd cua nude dén

tdc d6 phan tng. Viét phuong trinh phan tmg.

CAU HOI VA BAI TAP
Cau 1.
1.Dya vao nguyén li Lo-Sa-To-Li-€, hdy giai thich vai tro cia sy thém KSCN,
FeCls toi su thay ddi vi tri can béng cua phan tng.

FeCl; + KSCN :>f KCI + Fe(SCN)** +2CI
2. Can bang hoa hoc cua phan tmg ~ 2NO, IoT N,O, sé& dich chuyén

theo chiéu nao khi ting nhiét d6? Biét AH’=— 61,44kJ.

3. Tinh hing s6 can bang K, K. ddi v6i phan ting di cho & (2) tai 50°C, biét hon
hop can béng chira 60% N,O,4 vé sd mol.

Cau 2.

1. Tinh hé sé nhiét d6 (hé sé Van Hop) ctia phan tng trong nhiing trudng hop sau
day:

a) O 393K phan tmg két thiic sau 18 phit; & 453K phan tng két thic sau 16 gidy.

b) Khi ha nhiét d6 xudng 45°, phan tng cham di 25 lan.

2. Tai sao trong cac lan tién hanh do téc d6 phan tng ¢ thi nghiém 1, 2, 3 tong thé
tich ctia cac dung dich phan mg phai c¢6 dinh?

3. Giai thich nhu thé nao vé vai tro chat xic tac trong phan (mg xtc tic dong thé

va xuc tac di thé.
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BAI 3. DUNG DICH

1. Phén li thuyét
Xem chuong 5 phan i thuyét
2. Phén thue hanh
Thi nghiém 3.1. Can bang trong dung dich bazo yéu
Héa chat: NH; dam dic; dung dich phenolphthalein; NH,4CI tinh thé.

Dung cu: bng nghiém; pipet; thia nhua.
Céch tién hanh:

Cho vao 2 6ng nghiém mdi dng 4 - 5ml nudc cit, sau d6 thém vao mdi dng 1 giot
dung dich amoniac dam dic va 2 giot phenolphtalein. Mot dng dé so sanh, 6ng tht hai
thém vai tinh thé amoni clorua, lic déu, so sanh mau trong 2 6ng nghiém. Giai thich
hién tugng quan sat duoc?

Thi nghiém 3.2. Can bang trong dung dich axit yéu
Héa chit: CH;COOH dam dic; metyl da cam; CH;COONa.

Dung cu: dng nghiém; pipet; thia nhya. ...
Cich tién hanh:

Cho vao 2 6ng nghiém mdi dng 4 -5 ml nudc cit, sau d6 thém vao mdi ng 1 giot
axit axetic ddm dic va 2 giot metyl da cam. Mot ong dé so sanh, 6ng thir hai thém vai
tinh thé natri axetat, lic déu so sanh mau trong 2 dng nghiém trén. Giai thich?

Thi nghiém 3.3. Diéu kién tao thanh két taa
Héa chit: SrCly; CaCly; Na,SO,

Dung cu: 6ng nghiém; pipet
Cich tién hanh:

Cho vao hai dng nghiém 1an luot 2ml dung dich bio hoa SrCl, va CaCl, Thém
vao mdi ong 2ml dung dich bdo hoa natri sunfat. Nhan xét, viét phuong trinh phan
ung. Dya vao bang dg tan cua mubi SrC12; CaCl,; Na,SO, ¢ nhiét do nghién clru va
tinh sb tan cua SrSOy4; CaSO, (tra & phan phu luc), hiy giai thich két qua thi nghiém
trong 2 truong hop trén.
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Thi nghiém 3.4. Sy thuy phan ctia mudi

Héa chat: NaCl tinh thé; Na,COj tinh thé; FeCl; tinh thé; CH;COONH,

Dung cu: dng nghiém; thia nhya; binh tia...
Cdch tién hanh:

Lay 5 dng nghiém danh sb tir 1- 5. Cho 1an luot vao mdi éng nghiém mét it (bang
hat ngd) tinh thé ctia cdc mudi sau: natri clorua; natri cacbonat; sat (III) clorua; amoni
axetat. Thém vao mdi 6ng 2ml nudc cat, lic cho cic mudi tan hét. Thir moi truong
trong cac 6ng nghiém bang gidy quy.

Lip lai thi nghiém trén nhung thir mdi truong bang cach thém vao mdi ong

nghiém mot giot phenolphtalein. Két qua ghi vao bang:

STT Mudi Mau phenolphtalein Mau gidy quy M0i trudng

Viét cac phuong trinh phan tng thuy phan néu cé.
Thi nghiém 3.5. Anh hudng cta nhiét d6 dén su thuy phan
Héa chat: dung dich CH;COONa; phenolphthalein

Dung cu: éng nghiém; pipet; dén con
Céch tién hanh:

Cho vao dng nghiém 4ml dung dich natri axetat va 2 giot phenolphtalein, lac déu,
nhan xét. Chia dung dich trong 6ng nghiém cho vao hai 6ng: éng (1) dé nguyén, dng
(2) dem dun néng. Sau d6 dé 6ng (2) vé nhiét 46 phong. So sanh mau sic trong hai

éng. Giai thich?

CAU HOI VA BAI TAP
1. Tinh néng do ion H”, pH cua dung dich axit axetic 0,1 M. Tinh d6 dién li cta
axit ¢ diéu kién da cho.
2. Tinh pH ctia dung dich amoni clorua 0,1M bang 2 phuong phap:
- Theo quan diém axit, bazo ctia Bronsted.

- Phwong phép c6 tinh dén sy thuy phan.
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BAI 4. PIEN HOA HQC

1. Phan li thuyét
Xem chuong 6 phan 1i thuyét
2. Phin thyc hanh
Thi nghiém 4.1. Kim loai phan tng v6i dung dich mudi

Hoéa chit: day Fe ; CuSO, 1M ; day Cu ; FeSO, 1M

Dung cu: 6ng nghiém ; pipet
Cach tién hanh:
Lay 2 dng nghiém, 6ng 1 cho 2ml dung dich dong sunfat 1M, dng 2 cho 2ml
dung dich FeSO, 1M.
Cho day Fe vao dng 1, diy dong vao 6ng 2. Quan sat va giai thich hién tuong?
Thi nghiém 4.2. Kim loai tic dung v61 dung dich axit thuong

Héa chit: day Fe; day Cu; dung dich HCI 1M

Dung cu: 6ng nghiém; pipet
Cich tién hanh:
Lay 2 dng nghiém, mdi 6ng cho vao 2ml dung dich axit HCI IM
Cho day Fe va Cu vao mdi 6ng nghiém. Quan sat va giai thich hién tuong?
Thi nghiém 4.3. Su thu dong cua kim loai
Héa chit: day Al; H,SO, dic; Cu; H,SO, 0,1M

Dung cu: dng nghiém; dén con
Cich tién hanh:

Léy hai 6ng nghiém, cho vao éng thtr nhat 1ml axit sunfuric dic, 6ng thir hai 1ml
axit sunfuric 0,1M.

Thém vao 6ng nghiém 1 mdt manh Al, quan sat hién twong. Pun ndng can than
6ng nghiém 1 dén khi sbi, quan sat va giai thich hién tuong.

Thém vao 6ng nghiém 2 mdt manh Cu, quan sat hién tuong. Pun néng cin than

dén s6i ong nghiém 2, quan st va giai thich hién tuong.

Trang 211/229



Thi nghiém 4.4. Pin Zn - Cu
Héa chat: thanh Zn; thanh Cu; dung dich CuSO,4 1M; ZnSO, 1M

Dung cu: cbc thuy tinh; dong hd van ning; day dién
Céch tién hanh:

Chuan bi dién cuc:

+ Dién cyc ddng: Nhing 1 tim ddng dd danh sach bé mit bang gidy rap vao coc
100ml chira 50 ml dung dich dong sunfat 1M.

+ bién cuc kém: Nhiing mot tdm kém da danh sach bé mat vao céc 100ml chua

50ml dung dich kém sunfat 1M.

Cu Zn
(Catot) + 5 ciiu mubi - (Anot)

/e 2 et $C7 f

> i 3yl L

€ L= o | .
| .l | = ‘
el [ AT

) ) L ey » J

Hinh 9. So do”‘piniZn-Cu

Nbi 2 cbc bang " cau mudi" 1a dng thuy tinh hinh chir U chua day dung dich KC1
bdo hoa. Nbi 2 thanh kim loai bang ddy din véi may do van ning (cuc dong véi cuc
duong, cuc kém véi cuc am). Boc va ghi chi sb strc dién dong. So sanh két qua thuc
nghiém véi 1i thuyét. Viét so dd mach va giai
thich su hoat dong cua pin.

Thi nghi€ém 4.5 Dién phan dung dich KI '
Héa chdt: dung dich KI; hd tinh bot; ; -
phenolphtalein i

Dung cu: dng nghiém chir U; dién cuc graphit;

nguodn dién 1 chiéu

Cdch tién hanh:

Hinh 10. So do dién phdn dung dich
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Cho dung dich KI lodng c6 thém vai giot hd tinh bdt va vai giot phenolphtalein
vao trong 6ng chit U. Cam vao mdi nhanh mot dién cuc bang graphit va ndi vi ngudn
dién mot chiéu c6 hi¢u dién thé 5 - 10V.

Quan sat hién tugng xay ra trong éng chit U. Giai thich? Viét cac phwong trinh
phan rng xay ra ¢ dién cuc.

Thi nghiém 4.6. Dién phan dung dich Na,SO,
Héa chit: dung dich Na,SO, 1M; metyl da cam

Dung cu: 6ng nghiém chit U; dién cuc graphit; nguon dién 1 chiéu
Céch tién hanh:

ROt vao gan day ong chit U dung dich Na,SO, 1M, thém vao d6 vai giot metyl da
cam. Cam vao 6ng chit U hai dién cuc bang graphit va cho dong dién mot chiéu di qua
khoang 7 phit. Quan sat su bién d6i mau ctia dung dich va giai thich bang so do dién
phan.

Thi nghiém 4.7. Bién phan dung dich CuSO, véi dién cuc tro
Héa chit: dung dich CuSO,

Dung cu: 6ng nghi¢m chit U; dién cuc graphit; ngu@m dién 1 chiéu
Cich tién hanh:

ROt vao gan day ong chit U dung dich CuSO, IM. Tién hanh dién phan tuong tu
nhu thi nghiém trén véi dién cuc graphit. Quan sat hién tuong xdy ra va giai thich?
Lap so do dién phan (Cha y: Khong cho chét chi thi vao ong chir U).

Thi nghiém 4.8. Pién phan dung dich CuSO, véi dién cuc bang dong
Héa chit: dung dich CuSO,

Dung cu: 6ng nghiém chit U; dién cuc Cu; ngudn dién 1 chiéu
Cdch tién hanh:

Str dung 6ng chit U & thi nghiém trén nhung bay gid thay dién cuc grapit bang
dién cuc Cu.

Quan st hién tuong xay ra va giai thich. Lap so do dién phan. Hién tuong nay

dugc g dung lam gi?
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BAI 5. TINH CHAT MOT SO CHAT VO CO

1. Phan li thuyét
Xem chuong 7 phan 1i thuyét
2. Phan thwe hanh
Thi nghiém 5.1. Piéu ché va thir tinh chat ludng tinh cua AI(OH);
Hoa chdt: dung dich AlCl3; NH3; NaOH; HCI; NH,CI.

Dung cu: 6ng nghiém; pipet
Cach tién hanh:

1. Lay vao 2 6ng nghiém mdi dng 5+6 giot dung dich mudi nhom, thém tir tir
ting giot dung dich NH; vao ong tht nhat, va thém ting giot dung dich NaOH loing
dén du vao 6ng thu hai.

Quan sat va giai thich hién tuong xay ra trong hai dng nghiém.

Viét phuong trinh ctia cac phan Gng. Tir hai thi nghiém nay hdy xét xem nén
dung dung dich NaOH hay dung dich NH; dé diéu ché AI(OH)z?

2. Ly 1+2 ml dung dich mudi nhom vao 6ng nghiém sau d6 thém dung dich NH;
dén két tua hoan toan Al(OH),. Gan 14y két tia roi chia luong két tiia d6 ra 1am 3 phén.
Pem hoa tan mot phan trong dung dich HCI lodng, mét phan trong dung dich NH,CI
bdo hoa, phan con lai trong dung dich NaOH du. Quan sat va giai thich hién tuong xay
ra.

Chia dung dich trong dng nghiém c6 NaOH du & trén vao 2 6ng nghiém: cho khi
CO; 101 qua mot 6ng va cho thém 2ml dung dich NH4Cl bao hoa vao 6ng con lai. Quan
sat va giai thich cAc hién tuong xay ra trong hai ng nghiém.

Viét phuong trinh ctia cac phan tng.

Tir cac thi nghiém da 1am hay rat ra két luan vé tinh chat ctia nhom hidroxit.

Thi nghiém 5.2. Diéu ché va tinh chét cua hidro clorua

Héa chat: NaCl tinh thé; H,SO, dic; NaOH 0,1M; phenolphtalein

Dung cu: bd dung cu nhu hinh v€; binh cau; chau nudc; 6ng vudt nhon
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Hinh 11. B6 dung cu diéu ché HCI
Céch tién hanh:

Lap dung cu diéu ché HCI nhu hinh v&. Bé vao binh cau khoang 5g mubi an, rot
vao phéu nho giot khoang 20 ml dung dich axit sunfuric dam dic.

Mo khéa phéu nhoé giot cho dung dich H,SO, chay xudng timg giot mot, dun nhe
binh cau khi diéu ché khi HCI.

Thu khi HCI diéu ché dugc & trén vao mot binh tam gidc nho (hoan toan kho)
bang bang cach day khong khi. Pay binh cau bang nut cao su c6 gan ong dan khi vudt
nhon, 6ng dan khi nay dai khoang 8+10 cm va phan cam vao trong binh khoang 5+6
cm, ddu vudt nhon ciia ong cdm vao phia trong binh .

Dung ngén tay bit dau dng dan khi va Gp nguoc binh tam giac di thu day khi HCI
vao mét chau thuy tinh dung nudce cé thém vai giot dung dich NaOH va vai giot chi thi
phenolphtalein. M& ngén tay, quan sat va giai thich hién tuong xay ra. Viét phuong
trinh cua céc phan ng.

Thi nghiém 5.3. Thudc thir cta cac ion halogenua

Héa chit: dung dich Ag*; CI'; Br; I;

Dung cu: 6ng nghiém; pipet
Cach tién hanh:

Lay 4 6ng nghiém, cho riéng vao mdi dng 3+4 giot cac dung dich F*, CI', Brva I
. Thém vao mdi dng 1+2 giot dung dich AgNOs.

Quan sat mau sac cua cac két tua tao thanh. Viét phuong trinh cua cac phan tng.
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Thi nghiém 5.4. Dicu ché khi amoniac ttr amoni clorua va voi bot

Héa chdt: NH,Cl tinh thé, CaO, HCI dic, gidy quy

Dung cu: bd dung cu nhu hinh v¢, diia thuy tinh

Hinh 12. Bo dung cu diéu ché NHy

Cach tién hanh:

Lay khoang 2 g NH,CI va 1 g voi bot vao cdi s, tron déu rdi d¢6 hdn hop thu
duoc vao 6ng nghiém chiu nhiét, khé. Pun nhe 6ng nghiém trén ngon Itra dén con.

a. Nhan xét mui khi thoat ra.

b. Pua mot mau gidy qui di dugc tim wdt vao luong khi thoat ra & miéng dng
nghiém. Quan sat sy d6i mau cia gidy.

c. LAy diia thuy tinh sach nhung mot ddu vao dung dich HCI dic rdi dua vao gan
miéng ong nghiém. Quan sat va giai thich hién tugng xay ra.

Viét phuong trinh phan tng.
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Phu luc 1. Tich s6 tan mét sé chit ¢ 25°C

|

PHU LUC

Tén Cong thire T
Strontium phosphate Sr3(POy4)- Il 3% Fo—
Strontium sulfate SrSO, 3.44 X 1077
Tin(I1) hydroxide Sn(OH), 5.45 X 10%7
Tin(II) sulfide SnS 1 > 1026
Zinc carbonate ZnCO; 1.46 > 1079
Zinc hydroxide Zn(OH)> 3 % 107
Zinc oxalate ZnC-0y4 2.7 e 107>
Zinc sulfide VAT 2 3 1072
Aluminum hydroxide Al(OH); 1.3 X 107
Aluminum phosphate AlPO, 9.84 X< 102!
Barium carbonate BaCO; 2.58 X 107°
Barium chromate BaCrOy4 117 >¢ 1074
Barium fluoride BaF, 2.45 X 10™°
Barium hydroxide Ba(OH), 5.0 > 1072
Barium oxalate BaC,0, 1:6 > 107°
Barium phosphate Ba3(POy)> 6 < 1073
Barium sulfate BaSO, 1.072 < 107%
Cadmium carbonate CdCO; 1.0 > 1072
Cadmium hydroxide Cd(OH), 7.2 ¢ 102
Cadmium sulfide cds 8 X 10728
Calcium carbonate CaCOgj 4.96 < 107°
Calcium chromate CaCrOy 7.1 3¢ 1074
Calcium fluoride CaF, 1.46 X 107
Copper(I) cyanide CuCN 3.47 X 1072°
Copper(II) carbonate CuCOgj 2.4 X 107
Copper(1l) hydroxide Cu(OH), 2.2 X 10720
Copper(ll) phosphate Cu3(POy,), 1.40 >< 1077
Copper(Il) sulfide Cu$S 1.27 ¥ 10779
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Calcium hydroxide

Calcium hydrogen phosphate

Calcium oxalate
Calcium phosphate
Calcium sulfate
Chromium(IIT) hydroxide
Cobalt(1l) carbonate
Cobalt(IT) hydroxide
Cobalt(11) sulfide
Copper(l) bromide
Copper(I) chloride
Iron(II) carbonate
Iron(I1) hydroxide
Iron(I1) sulfide
Iron(I11) hydroxide
Lanthanum fluoride
Lanthanum iodate
Lead(I1) bromide
Lead(Il) carbonate
Lead(II) chloride
Lead(II) chromate
Lead(II) fluoride
Lead(II) hydroxide
Lead(IT) iodide
Lead(Il) phosphate
Lead(II) sulfate
Lead(II) sulfide
Magnesium carbonate
Magnesium fluoride
Magnesium hydroxide
Magnesium oxalate
Manganese(Il) carbonate
Manganese(IT) hydroxide
Manganese(11) sulfide
Mercury(l) bromide
Mercury(I) carbonate

Mercury(1) chloride

Ca(OH),
CaHPO,
CaC,0,
Caz(POy4);
CaSO,
Cr(OH),
CoCO5
Co(OH)>»
CoS

CuBr
CucCl
FeCO;5
Fe(OH),
FeS
Fe(OH)s
LaF;
La(103)3
PbBr;
PbCO;
PbCl,
PbCrOy4
PbF,
Pb(OH),
Pbl,
Pb3(POy4)>
PbSO4
PbS
MgCO5
Mgk,
Mg(OH),
MgC,0,
MnCOj3
Mn(OH)-»
MnS
Hg,Br;
Hg,CO3
HgxCl,

4.68 < 10°°
L 3¢ 1077

2.39 = 10T°
2.07 % 10733
7.10 ¢ 107>
6.3 X 107!
1:0 3¢ 1070
5.92 X 10715

—22

5 X 1

6.27 3¢ 1077
1.72 X 1077
3.07 X 10”1
4.87 %X 10717
372 3¢ 1022
2.79 > 10729
2 % 10”2
7.50 X 10712
4,67 % 107°
7.40 % 107
147 % 107°
2.8 ¥ 1077
3.3 X 1078
1,43 > 10729
9.8 X 1077

i 5¢ 1o
1.82 % 107°
9.04 X 10~%°
6.82 X 107
5.16 X 107!
2.06 X< 10713
4.83 X 10°°
2.24 ¥ 10~
1.6 X 10713
2.3 x 10713
6.40 X 10723
3.6 X 107V
148 ¢ Jo18
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Mercury(I) chromate
Mercury(l) cyanide
Mercury(I) iodide
Mercury(1l) hydroxide
Mercury(I1) sulfide
Nickel(II) carbonate
Nickel(IT) hydroxide
Nickel(I1) sulfide
Silver bromate

Silver bromide

Silver carbonate

Hgxls

Hg$S
NiCO3;

NiS
AgBrO;
AgBr
AgrCO;3

Hg,CrO,
Hg,(CN),

Hg(OH),

Ni(OH);

2 < 1077

5 3 16740

5.2 ¥ 1672
3.1 X 1072
1.6 % 107>
142 3 1074
5.48 X 1076
3 % 1029

5.38 X 10°°
5.35 X 1013
8.46 < 102

Phu luc 2. Hing sé phan ly mot sé bazo yéu & 25°C

Tén cong thire Kb
Ammonia NH3; 1.76 X 10~
Aniline CeHsNH, 3.9 » 1074
Bicarbonate ion HCO; 127 3¢ 1072
Carbonate ion COs*™ 1:8 > 107
Codeine CigH> 1 NO;3 1.6, 3 167"
Diethylamine (C;Hs)>,NH 6.9 x 1074
Dimethylamine (CH3),NH 54 > 1074
Ethylamine C>HsNH>» 5.6, > 10
Ethylenediamine C>HgN> 83 % 1™
Hydrazine H>NNH, 1.3 2 10~°
Hydroxylamine HONH, 1.1 > 107%
Ketamine C3H,6CINO 3 x 1077
Methylamine CH3NH,> 44 % 104
Morphine C,7H,oNO3 1.6 < 10°°
Nicotine Ci10H 14N> 1.0 < 10°°
Piperidine CsH,oNH 1.33 < 103
Propylamine C;H,NH, 3:5 > 10™*
Pyridine CsHsN 1.7 X 107°
Strychnine C51H>:N-0, 1.8 < 10°°
Triethylamine (C5Hs5)3N 56 < 107°
Trimethylamine (CH3)3N 6.4 X 1077
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Phu luc 3. Hang sé phén li mgt sé axit ¢ 25°C

Tén cong thirc Ka1 Kaz Kas
Acetic HC,H;0, 1.8 X 107°
Acetylsalicylic HCoH-04 33 X 194
Adipic H,CcHgO; (3.9 X 107% B9 x 107°
Arsenic H3AsO, 55 > 1072 175 1077 5.1 X 10712
Arsenous H3AsO3 5.1 X 107'°
Ascorbic H,CegHgOg (8.0 X 1077 1.6 x 107"
Benzoic HC-H50, 6.5 X 10>
Boric H3BO; 54 X 1071°
Butanoic HC4H-0, 15 % 167
Carbonic H,CO5 43 X 1077 |5.6 < 107"
Chloroacetic HC,H,0-Cl (1.4 < 1077
Chlorous HCIO, 1.1 2% 3074
Citric HiCeHs07; |7.4 X 107% [1.7 X 107> |4.0 X 1077
Cyanic HCNO 25610
Formic HCHO, 1.8 x 1077
Hydrazoic HN; 2.5 X 1072
Hydrocyanic HCN 49 x 10710
Hydrofluoric HF 35 %< 107*

Hydrogen chromate

ion HCrO4 3.0 X 1077
Hydrogen peroxide | H,0, 2.4 2% 107
Hydrogen selenate

ion HSeO,4 2.2 X 1072
Hydrosulfuric H,S 89 X 107% | x 107"
Hydrotelluric H,Te 2.3 % 107 |16 % 1071
Hypobromous HBrO 2.8 > 167
Hypochlorous HCIO 2.9:3% 107P
Hypoiodous HIO 2.3 < 107!
lodic HIO;, 1.7 5 107!
Lactic HC3H505 1.4 9 1672
Maleic H,C4H,0,4 | 1.2 X 1072 |59 X 1077
Malonic H,C3H,04 | 1.5 X 10> (2.0 X< 10~ 6
Nitrous HNO, 46 < 10
Oxalic H,C404 5.9 X 1072 6.4 X 107°
Paraperiodic H5104 2.8 X 1072 [5:3:>¢ 107
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Phu luc 4. Gid tri thé nhiét dpng ciia mét so chit & 298K

Hop chit AH° (kJ / mol) AG®(kJ / mol) S°(J /mol.K)

Aluminum

Al(s) 0 0 28.32
Al(g) 330.0 289.4 164.6
AlP"(aq) —538.4 —483 —325
AlCI5(s) —704.2 —628.8 109.3
Al,O5(s) —1675.7 —1582.3 50.9
Barium

Ba(s) 0 0 62.5
Ba(g) 180.0 146.0 170.2
Ba’"(aq) —537.6 —560.8 9.6
BaCOs(s) —1213.0 —1134.4 112.1
BaCl,(s) —855.0 —806.7 123.7
BaO(s) —548.0 —520.3 72.1
Ba(OH),(s) —944.7

BaSO0,(s) —1473.2 —1362.2 132.2
Beryllivum

Be(s) 0 0 9.5
BeO(s) —609.4 —580.1 13.8
Be(OH)(s) —902.5 —815.0 45.5
Bismuth

Bi(s) 0 0 56.7
BiCls(s) —379.1 —315.0 177.0
Bi-»O5(s) —573.9 —493.7 151.5
Bi>Ss(s) —143.1 —140.6 200.4
BCl3(g) —403.8 —388.7 290.1
BF3(g) —1136.0 —1119.4 254.4
B,Hg(g) 36.4 87.6 2321
B,05(s) —1273.5 —1194.3 54.0
H3BO3(s) —1094.3 —968.9 90.0
Bromine
Br(g) 111.9 82.4 175.0
Br, (/) 0 0 152.2
Bra(g) 30.9 3.1 245.5
Br (aq) —121.4 —102.8 80.71
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HBr(g)
Cadmium
Cd(s)

Cd(g)

&7 B
CdCls(s)
CdO(s)
CdS(s)
CdSOy4(s)
Calcium
Ca(s)

Ca(g)
Ca2+(aq)
CaCs,(s)
CaCO3(s)
CacCls(s)
CaF»(s)
Call>(s)
Ca(NO3)2(s)
CaO(s)
Ca(OH)a(s)
CaSO0y(s)
Caz(P0O,4),(s)
Carbon
C(s, graphite)
C(s,diamond)
C(g)

CHy(g)
CH3CI(g)
CH,Cl>(g)
CH,Cl5(/)
CHCI5(/)

CCla(g)
CCly(1)

177.8
—542.8

—59.8
—1207.6

—795.4
—1228.0
—181.5
—938.2
—634.9
—985.2
—1434.5
—4120.8

1.88

716.7
—74.6
—81.9
—95.4
—124.2
—134.1
=937
—128.2

671.3
—20:5
—60.2

—63.2
—73.7
—62.3
—66.4

198.7

51.8
167.7
—7 .2
115.3
54.8
64.9
123.0

41.6
154.9
=531
70.0
91.7

108.4
68.5
41.4

193.2
38.1
83.4

106.5

236.0

Did

2.4
158.1
186.3
234.6
270.2
177.8
201.7
309.7
216.4
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CH>0O(g)

CH,0,(1, formic acid)
CH3NH,(g, methylamine
CH3;0H(/)

CH3;0OH(g)

CH>(g)

C2H4(g)

CyHeg(g)

C,Hs0H(1)

C,H50H(g)

C,H;3Cl(g, vinyl chloride)
C5H4Cl5(7, dichloroethang
C,H40(g, acetaldehyde)
C>H405(1, acetic acid)
CsHg(g)

C3HgO(/, acetone)
C3H;OH(/, isopropanol)
CaHyo(D)

CsH0(g)

CeHe(1)

CgHsNH,(/, aniline)
CeHsOH(s, phenol)
CeH1204(s, glucose)
C,oHg(s, naphthalene)
C12H2,0,,(s, sucrose)
CO(g)

COs(aq)

CO7" (aq)
HCO5 (aq)
H,CO3(aq)
CN (aq)
HCN(/)
HCN(g)

)

—108.6
—425.0
—22.5
—238.6
—201.0
227.4

52.4
—84.68

—277:6
—234.8
372
—166.8
—166.2
—484.3
—103.85
—248.4
—318.1
—147.3
—125:7
49.1
31.6
—165:1
= 1273:3
78.5
—2226.1
—310:5

—393.5
—413.8

=67 7.1

—692.0

—699.7
151
108.9
135:1

—102.5
—361.4
32.7
—166.6
—162.3
209.9

68.4
—32.0

—174.8
—167.9
53.6
—79.6
—133.0
—389.9
—234
—155:6

-390
—15.71
124.5
149.2
—50.4
—910.4
201.6
—1544.3
—137.2

—394.4
—386.0

—527.8

—586.8

—623.2
166
125.0
124.7

218.8
129.0
242.9
126.8
239.9
200.9

219:3
229.2

160.7
281.6
264.0
208.5
263.8
159.8
270.3
199.8
181.1
231.0
310.0
173.4
191.9
144.0
212:1
167.4
360.24
197.7

213.8
117.6

—56.9
912
187.4
118
112.8
201.8
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HCN(g)
CSa(h)
CSz(g)
COClLx(g)
Ceols)

Cesium
Cs(s)
Cs(g)
Cs ' (aq)
CsBr(s)

CsCl(s)
CsF(s)
Csl(s)
Chlorine
Cl(g)
Cly(g)

Cl (aq)
HCI(g)
HCl(aq)
ClO,(g)

Chromium
Cr(s)

Cr(g)
Cr’*(aq)

CrO4 (aq)
Cl‘zO;;(S)
Cr,05,° (aq)

Cobalt
Co(s)

Co(g)
CoO(s)
Co(OH)a(s)

Copper
Cu(s)

135.1
89.0
116.7
—219:1
2327.0

76.5
—258.0
—400

—438
=035
—342

121.3

—167.1
—92.3
—167.2
102.5

80.3

396.6
=1971

—872.2
—1139.7
— 1476

424.7
—237.9
=539.7

124.7
64.6
67.1

—204.9
2302.0

49.6
==292.0
—387

—414
B
—337

105.3

—131:2
—95.3
—=131:2
120.5

97.9

351.8

=71:7:1
—1058.1
— 1279

380.3
—214.2
—454.3

201.8
151.3
237.8
283.5
426.0

85.2
175.6
132.1
117

101.2
92.8
127

165.2
223.1
56.6
186.9
56.5
256.8

266.2

23.8
174.5

44
81.2
238

30.0
1'79.5
53.0
79.0

33.2
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Cu(g)
Cu'(aq)
Cu2+(aq)
CuCl(s)
CuCl,(s)
CuO(s)
CuS(s)
CuSO0,(s)
Cu,0(s)
Cu,S(s)
Fluorine
F(g)
Fz(g)

F (aq)
HF(g)
Gold
Au(s)
Au(g)

Helium
He(g)
Hydrogen
H(g)

H" (aq)
H(g)
H,(g)
Iodine
I(g)
I,(s)
1,(g)

I (aq)
HI(g)

Iron
Fe(s)
Fe(g)

337.4
919
64.9

— 172
—220.1
=197

—;l
=771
—168.6

=75

79.38

—335.35
—273.3

218.0

1536.3

106.76
62.42

—56.78
26.5

416.3

297.7
50.2
65.5

—119.9
— 17577
—129.7

—33,6
—662.2
—146.0

—86.2

62.3

—278.8
—275.4

203.3

1517.1

70.2
19.3

—a1:97
1.7

370.7

166.4
—26
—98

86.2

108.1

42.6
66.5
109.2
931
120.9

158.75

202.79
—13.8

173.8

47.4
180.5

126.2

114.7

108.9
130.7

180.79
116.14
260.69
106.45
206.6

27.3
180.5
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Fe**(aq)
Fe3+(aq)
F€CO3(S)
FeCl,(s)
F€Cl3($)
FeO(s)
Fe(OH)s(s)
FeS,(s)
Fe,0s(s)
Fe304(s)
Lead
Pb(s)
Pb(g)
Pb*" (aq)
PbBr>(s)
PbCO;3(s)
PbCl,(s)
Pbl,(s)
Pb(NO3)2(s)
PbO(s)
PbO,(s)
PbS(s)
PbSO4(s)

Lithium
Li(s)
Li(g)
Li"(aq)
LiBr(s)
LiCl(s)
LiF(s)

Lil(s)
LiNO3(s)

LiOH(s)
Li>O(s)

Magnesium
Mg(s)
Mg(g)

=879

—47.69
—740.6
—341.8

—399:5
—272.0
—823.0
—178.2
—824.2

—1118.4

195.2
0.92
—~278.7
—699.1
—309.4
=175.5
—451.9
=2 17:3
2Tl
—100.4
—920.0

159.3
—278.47
—351.2
—408.6
—616.0

—270.4
—483.1

—487.5
—59/9

147.1

—84.94

—10.54
—666.7
—302.3

—334.0
—255.2
—696.5
—166.9
—742.2

—1015.4

0
162.2
—24.4
—261.9
—625.5
—314.1
—173.6

—187.9

=213

—98.7
—813.0

126.6
—2933
—342.0
—384.4
—587.7

—270.3
—381.1

—441.5
—561.2

1128

113.4
293.3

929
118.0

142.3
60.75

106.7
52.9
87.4

146.4

64.8
175.4

18.5
161.5
131.0
136.0
174.9

68.7

68.6
91.2
148.5

29.1
138.8
12.24
74.3
59.3
357

86.8
90.0

42.8
37.6

32.7
148.6
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Phu luc 5. Thé oxi héa-khir tiéu chuin ¢ 298K ciia mot sé cip chit

Phan @ng dién cuc EO(V)
Fa(g) + 2e — 2F (aq) 2.87
03(g) + 2H " (ag) + 2e7 —— 0,(g) + H,0() 2.08
Ag*t(aq) + ¢ —— Ag'(aq) 1.98
Co’"(aq) + e —— Co?*(aq) 1.82
H,0:(aq) + 2H"(aq) + 2e~ —— 2 H,O(]) 1.78
PbO,(s) + 4H"'(aq) -+ SOf"(aq) + 2e —

PbSO4(s) + 2 H,0(0) 1.69
MnO4 (aq) + 4H""(ag) + 3e — MnOs(s) + 2 H,0(]) 1.68
2 HCIO(aq) + 2H" (aq) + 2e- — Cla(g) + 2 H,O()) 1.61
MnO; (aq) + 8 H (aq) + 57 —— Mn*"(aq) + 4 H,0()) 1.51
AutT(ag) + 3¢ —— Au(s) 1.50
2 BrO; (aq) + 12H (aq) + 10e~ — Bry(l) + 6 H,0()) 1.48
PbOs(s) + 4l-l+(¢1q) + 2e — Pb2+(aq) + 2 H,0(!) 1.46
Cla(g) + 2e —— 2ClI (ag) 1.36
Cr,0;> (aq) + 14H"(aq) + 6e~ — 2Cr*"(aq) + 7 H,O(l) 1.33
05(g) + 4H (ag) + 4= —> 2 H,0() 1.23
MnOs(s) + 4 H (agq) + 2e~ — Mn?"(aq) + 2 H,0() 1.21
105 (ag) + 6H+(aq) + 5 —m» %Iz(aq) + 3 H,O(D) 1.20
Bra(l) + 2¢e — 2 Br (aq) 1.09
AuCly (aq) + 3e — Au(s) + 4 Cl (aq) 1.00
VO, (aq) + 2H (ag) + e —— VO**(ag) + H,0(]) 0.99
HNO:(ag) + H (ag) + e — NO(g) + 2 H,0()) 0.98
NO; (aq) + 4H"(agq) + 3e~ —— NO(g) + 2 H,O() 0.96
ClOsx(g) + e — ClO; (ag) 0.95
2 Hg>"(aq) + 2e~ —> 2 Hgy""(aq) 0.92
Agt(aq) + e —— Ag(s) 0.80
Hg>*"(aq) + 2e~ —— 2 Hg() 0.80
Fe’"(aq) + e~ —— Fe*"(aq) 0.77
PtCl (aq) + 2e- — Pt(s) + 4 Cl (aq) 0.76
05(g) + 2H (aq) + 2~ —— H,0,(aq) 0.70
MnOy4 (aq) + e — MnOf“(aq) 0.56
I)(s) + 2e —— 21 (aq) 0.54
Cuf(aq) + e- —— Cu(s) 0.52
0,(g) + 2H,0() + 4~ —— 40H (aq) 0.40
Cu®**(aq) + 2 —— Cu(s) 0.34
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BiO*(aq) + 2H"(aq) + 3e~ — Bi(s) + H,O0(])
Hg,Cly(s) + 2e — 2 Hg(l) + 2Cl (aq)

AgCl(s) + e& ——> Ag(s) + Cl (aq)

SO+ (aq) + 4H (aq) + 2e- — H,S03(aq) + H,O()
Cu**(aq) + e —— Cu'(aq)

Sn**(agq) + 2e- —— Sn*"(aq)

S(s) + 2H"(ag) + 2e7 —— H,S(g)
AgBr(s) + e — Ag(s) + Br (agq)
2H"(aq) + 27 — H,(@)

Fe’"(agq) + 3¢~ —— Fe(s)

Pb’*(ag) + 2e- —— Pb(s)

Sn?t(ag) + 2e~ —— Sn(s)

Agl(s) + e — Ag(s) + I (aq)

N.(g) + 5H " (aq) + 4e- —— Ny;Hs5" (ag)
Ni**(aq) + 2e~ — Ni(s)

Co*"(aq) + 2e~ — Col(s)

PbSO4(s) + 2e~ — Pb(s) + S04 (aq)
Cd?*(aq) + 2e —— Cd(s)

Fe’*(aq) + 2e~ — Fe(s)

2CO5(g) + 2H(aq) + 2e —> H,C,04(aq)
Cr*'(aq) + e —— Cr*'(aq)

Cr3+(aq) + 3e — Cr(s)

Zn2+(aq) + 2e — Zn(s)

2H,0() + 2e- —> Hy(g) + 20H (aq)
Mn**(aq) + 2 —— Mn(s)

AP (ag) + 3¢ —— Al(s)

H(g) + 2e — 2H (aq)

Mgt (ag) + 2e —> Mg(s)

La**(aq) + 3¢~ —— La(s)

Na*(aq) + e —— Na(s)

Ca**(aq) + 2e~ —— Cal(s)

0.32
0.27

0.22
0.20
0.16
0.15
0.14
0.071
0.00
—0.036
—0.13
—0.14
—0.15
—0.23
—0.23
—0.28
—0.36
—0.40
—0.45
—0.49
—0.50
—0.73

—0.76
—0.83
—1.18
—1.66
—2.23
—=2.37
—2.38
=241
—2.76
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