GIOI THIEU HQOC PHAN

HOA PAI CUONG - VO CO
Doi twgng : Cao dang dwec

- S6 don vi hoc trinh : 04 (2/2)

- S tiét: 90 tiét
+ Ly thuyét : 30 tiét
+ Thyc hanh: 60 tiét

- Thoi diém thuc hién:

MUC TIEU HQC PHAN

1. Trinh bay dwoc nhimng Kién thizc co ban vé Sbnh 1uEt bfo toun,
chuyOn hda n'ng l-ing vu chiOu h-ing cAa c,c qu, trxnh hda
héc, COn b»ng hda hdc, Tec ®é phin eng, Dung dbch, Phin eng
ox1 hda khé vu dBng ®iOn

2. Trinh bay dwoc ddc diém, vi tri, tinh chat héa hoc, ing dung cua nguyén tir
Oxi va Hidro va hep chdt trong Y -Duoc

3. Trinh bay dwoc Vi tri, ddc diém, tinh chat, vai trd va iing dung trong Y - Duoc,
béc tinh ciia don chat, hop chdt ciia mét sé nguyén té nhém A , nhém B

4. Thuc hién duwoc c&c quy tdc an toan, bdo hiém va rén luyén dwoc thai dé
chinh xac, than trong t: m7 khi lam thi nghiém

5. Gidi thich dwoc kha nang dan dién cua dung dich céc chdt dién li, can bang
trong dung dich axit yéu va bazo yéu

6. Thuec hién duwoc cach pha ché, xdc dinh nong dg dung dich, nhdn biét mau
ciia mot so chat chi thi mau thong dung, xdc dinh pH cua dung dich.

7. Khdo sdt dwoc Cac yéu té dnh hudng dén toc dé phan iing va can bang hoa
hoc, phan ing 6xi héa - khiz va chiéu cua phan #ng dxi hda - khu.

8 . Thuc hién dwroc mét sé phan iing thé hién tich chdt cia mét sé nguyén té
nhém A va nhém B, hop chdt cua sé nguyén té nhém A va nhom B

NQI DUNG HOC PHAN

STT | Tén bai |Sotiét | Trang
Phan Ly thuyét
1 Ch--ng 1: §bnh luEt bfo toun, chuyOn
hda n'ng 1-ing vp chiOu h-ing cfia c,c 5 3
qu, trxnh hda hac
2 Ch--ng 2 : COn b»ng hda hac 3 17
3 Ch-—-ng 3: Tec ® phin ong 3 26
4 Ch--ng 4: Dung dbch 4 34
5 Ch--ng 5: Phdn gng oxi h&a kho vu dBng
L 2 45
®10n
6 Ch--ng 6: Hidro va Oxi 1 52
7 Ch--ng 7: Kim loai phan nhom A 4 57
8 Ch--ng 8: Kim loai phan nhém B 4 66
9 Ch--ng 9: Phi kim 4 79
Phan Thuc hanh
10 | Bai 1: Céac quy tac phong thi nghiém 2 89
11 | Bai 2: Pha ché dung dich - chuan do 10 91




12 | Bai 3: Dung dich dién ly — chat chi thi mau 6 97
13 | Bai 4: Toc do phan ang - Can bing hoa hoc 8 100
14 | Bai 5: Phan tng Oxi hdéa — khur 4 104
15 | Bai 6: Hidro 4 107
16 | Bai 7: Tinh chat chung cua kim loai kiém 6 110
17 | Bai 8: Nhom va cac hop chat cia nhdm 6 113
18 | Bai 9: K&ém va hop chat caa Kém 8 116
19 | Bai 10: Tinh chat cia Crom — Mangan va cac hop 6 118
chat cua chling
Tong so 90 120

III. PANH GIA:

- Diém kiém tra thuong xuyén:  + 01 bai thi két thic hoc phan
7 7 _t01 diém chuyén can ‘
- Tinh diém: 15% diém chuyén can: + 85% bai thi két thuc hoc phan




PHAN LY THUYET

CHUONG 1
DPINH LUAT BAO TOAN, CHUYEN HOA NANG LUQNG
VA CHIEU HUONG DIEN BIEN CUA CAC QUA TRINH

HOA HOC.

MUC TIEU

1. Trinh bay dwoc néi dung nguyén ly 1 ciia nhiét dong luc hoc va mét sé 1ing dung cia
nguyén ly 1.

2. Trinh bay duoc noi dung nguyén Iy II, dinh lugat Nernst ( nguyén ly 111 nhiét dong luc
hoc ) va ung dung

3. Trinh bay dwot ndng heong te do va chiéu huong dién bién cia phdn ing héa hoc va
ung dung

NOI DUNG
1.1. Nguyén ly thir nhat cia nhiét déng luc hec.
1.1.1. Ngi nang

Nhu trén di néi, ndi nang cia mot hé 1a tong ning lwong ton tai bén trong cua hé.
Noi ning U khong xac dinh duoc chinh xac, ngay ca mot hé don gian nhat. Tuy nhién,
trong nhiét dong luc hoc ngudi ta khdng can xét gia tri tuyét ddi cua ndi ning ma chi
can xac dinh bién thién cua noi niang AU trong qué trinh bién ddi hé tir trang thai nay
sang trang thai khac thong qua cac dai luong do dugc nhu cong va nhiét.

1.1.2. Ngi dung nguyén ly

Duya vao céc dir liéu thuc nghiém nguoi ta co thé phat biéu nguyén 1y I nhu sau:
Péi véi moi hé nhiér dong déu ton tai mot ham trang thdi, dwoc goi 14 ngi ning U, ma
trong qué trinh bién doi hé tir trang thai (1) sang trang thai (2), bién thién néi nang AU
bang tong nhiét O va céng A trao déi véi méi trwong bén ngoai.

Diéu nay co thé biéu din bang hé thirc sau day:
AU=U;-Ui=Q+A (1.1)
(dbi véi qué trinh vo cing nho ta c6: dU = 8Q + 5A)

Nhu vay, nguyén ly | vé thuc chét 1a dinh luat bao toan nang lugng véi su chap nhan
noi ning 1a mot ham trang thai. Tir hé thac trén, ta thay doi vai hé ¢d lap (4p dung cho hé
vi mo) khong co su trao doi vong véi moi truong bén ngoai (Q = A = 0) thi bién thién noi
nang AU = 0, nghia 1a ndi nang cua hé dugc bao toan.

Pé minh hoa cho ¥ néu trén nguoi ta thudng xét hé nhiét dong don gian nhat gom
mot khdi khi xac dinh dung trong mot xi lanh dong kin bang mét pit - tdng chuyén dong
tu do: Phe = Png = const, Png 12 4p suat bén ngoai.

O trang thai | hé c6 noi nang Uz, khi cung cap cho hé mét nhiét lugng Qp nhiét
d6 cua hé tang, khi gidn nd tir thé tich V1 dén thé tich V2, tir d6 hé thuc hién mot cong
A= 'Png(VZ - Vl)

Hé chuyén sang trang thai 11 c6 noi ning 1a Uz, theo nguyén Iy | ta co:

AU=U,-Ui=Q+A



1.1.3. Khai nigm entampi
1.1.3.1. Nhi¢r dang &p, entampi

Trong so dd trén, Vi pit - tong chuyén dong ty do nén ap suat P caa hé ludn ludn
bang 4p suat khi quyén va khong doi: P1 = P, = const. Nhiét trao ddi trong qua trinh nay
goi la nhiét dang ap Q.

Theo nguyén ly I:

AU=Qp + A
Nhu d3 biét hé thuc hién mot cong:
A=-P (Vz - V1)
Vay AU=Uz-U1=Qp-P(V2- Vi)
do d6 Qp=U2-U1 +PV2-PVi=(U2+PV2)- (U +PV2)
Bang dinh nghia ngui ta ky hiéu:
H=U+PV

suy ra: Qp=H2-Hi=AH (1.2)

Pai luong H = U + PV la téng hop cua cac dai lwong trang thai nén ciing 13 dai
luong trang thai va duoc goi la entampi, ting véi mot trang thai xac dinh, H c6 mot gia tri
xéc dinh. Ciing nhu ndi ning U, entampi H 1a ham cua cac bién sb trang thai nén entampi
H duoc goi la ham trang thai. H cling ¢6 don vi nang lugng.

T biéu thie (1.2) ta nhan thay nhiét dang p Qp bang bién thién entampi cua hé,
Vi vy trong cac qua trinh dang 4 ap nguoi ta thuong thay Qp bang (AH = AU + PAV).

Déi vai mot qua trinh bién doi vi phan (vo ciing nho) ta ciing c6:

8Qp = dH
1.1.3.2. Nhiér dang tich

Ciing tir diéu minh hoa trén néu ta gitt cho pit - tong ding yén dé thé tich V khong
d6i (V1 = V2) thi qué trinh bién doi cua hé 1a qua trinh bién d6i dang tich va nhiét trao
dbi 1a nhiét dang tich Q

Theo nguyén Iy I: AU = Q, + A song do AV = 0 nén A = 0 tir d6 nhiét dang tich
Qv sé la:

Qu=AU (1.3)

Nhu vay, nhiét ding tich bang su bién thién noi ning cua hé. Trong truong hop

nay nhiét cung cip hoan toan duoc sir dung lam ting ndi ning cua hé
Déi vai qua trinh bién ddi vo cuing nho ta ciing c6 thé viét:
5Qu = dU

Bai tap ap dung: Biét 1 mol nuéc hoéa hoi & 100°C, ap suat cé dinh 1a 101325
Pa hap thy mot lwong nhiét 1a 40,58 kJ.

- Néu thé tich mol caa nuéc long 1a 0,019 L ¢ 373 K, con thé tich nay cua hoi
nudc la 30,605 L thi cdng sinh ra la bao nhiéu?

- Tinh AU cua qué trinh chuyén hoa nay.

Lot giai: Phan g hoa hoi cia nuéc

H20 (£) — H20(h)
Theo dau bai ¢ 373 K AV = 30,605 - 0,019 = 30,586L
A =-PAV = - 101325 x 30,586.10° = -3,1kJ
Mic khdc AU = AH - PAV thay sd vao ta co:
AU = 40,58 + 3,1 = 43,68 kJ
1.1.3.3. Quan hé giiza nhiét phan itng dang tich va nhiét phan ing dang ap

Nhu chiing ta d3 biét, cong trao d6i lién quan chat ch& dén bién thién thé tich cua
hé. O qua trinh dang tich, vi thé tich V khong d6i nén cong trao ddi bang khdng. Con ¢
qua trinh dang ap, cong (co hoc) trao doi s& khac khong nén cé sy bién thién thé tich cua
hé. Trong cac phép tinh ta can chl y 1a: so vai thé tich mol ciia cac chét khi thi thé tich
mol ciia cac chat ran va long (pha ngung tu) rat nho khong dang ké va do do thé tich cua
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cac chat ran va 10ng cling nhu bién thién thé tich cua ching trong cac phan ang héa hoc
dugc coi bang khong. Vi vay, khi xét cong co hoc ta chi can cha y dén bién thién thé
tich cua céac chat khi tham gia phan tng.

Vi du: phan ung : C(r) + H20 (k) — CO (k) + Hz (K)

0 Vo Vo Vo
Thé tich caa cacbon ran dugc coi bang khong. Nhu vay, d6i véi phan ¢ng nay ta co:
AV =V2-V1=(2-1)Vo
Tir biéu thie (2.2), (2.3) va phuong trinh PV = nRT ta c6 thé tim ra mdi quan hé giita
AU va AH nhu sau:
AH = AU + AnRT hay Qp = Qu + AnRT (1.4)
Bai tap ap dung: O 298 K va ¢ thé tich khong doi khi dét chay 1 mol ruou
metylic theo phan ng:
CH3sOH(I) + 3/20; — CO, + H20 (1)
s€ giai phong ra mét luong nhiét 1a 726,25 kJ. Tinh AH cua phan ang.
Loi giai: Ap dung cong thac: AH = AU + AnRT cho phan ung trén ta co:
AH =-726,25 + (1 - 3/2). 298.8,314.103 = - 727,79 kJ/mol
1.1.4 Nhig¢t héa hgc
1.1.4.1. Nhiét phan ng

Ta biét rang nhiét phan @ng 1a nhiét trao d6i gitra hé va moi truong xung quanh.
Trong mot phan tng hoa hoc nguoi ta thuong noi:

“Nhiét lwong téa ra hay hap thy cia mét phan ing hoa hoc dwoc goi 1a nhiét
phan #ng”. Theo quy udc chung:

- Néu phan ung Ia thu nhiét ta ghi dau +;
- Néu phan ung |a phat nhiét (toa nhiét) ta ghi dau -.

Dé xac dinh nhiét phan Ung nguoi ta dung nhiét lugng ke Nhiét luong ké dugc
thiét ké sao cho khong cé su trao ddi nhiét véi moi truong. N6 gom mat thing 16n dung
nuée, trong d6 c6 nhung ngap 1 bom nhiét lwong ké, noi thuc hién phan @ng héa hoc.
Trong thang con c6 nhét ké do su thay doi nhiét d6 cua nuéc, que khuay duy tri can
bang nhiét trong hé.

Thuc nghiém cho biét vai mai phan tng, gid tri nhiét lugng do dugc phy thudc vao
nhiéu yéu té khac nhau nhu cach tién hanh do & trong diéu kién dang tich hay ding ép, tai
nhiét 6 ndo, trang thai tap hop cua cac chit 1a trang thai gi...

Néu nhiét phan tmg do ¢ diéu kién ding ap thi ta co bién thién entanpi 4H cua

hé.
Néu nhiét phan ung do ¢ diéu kién dang tich thi ta c6 bién thién néi nang AU cua
hé.
Nhu vay AH va AU goi la hiéu tng nhiét cua phan tng.
Vi du: 2CO(K) + O2 — 2COx(K); AU = - 563,50kJ
2CO(K) + Oz — 2COx(K); AH = - 565,79kJ

M&i lién hé gitta AH va AU da dugc chiang minh & biéu thac (1.4).
Phuong trinh phan tng cé kém theo hiéu ng nhiét cua phan ung duoc goi la
phuong trinh nhiét hoa hoc.

Vi du: C + 0. — COy AH = - 395,40 kJ
Kim cuong (tinh thé) (khi) (khi)
C + 0P — COq; AH = - 394,05 kJ
Graphit (than chi)  (khi) (khi)

Khi viét phuong trinh nhiét hda hoc ngudi ta can luu ¥ téi hé s6 ciia phuong trinh,
vi du:



1
Ha(K) + 5 Oa(k) — H2O (1) AH = - 258,84 k]

2H2(K) + O2(k) — 2H20 (I); AH =-517,68 kJ
Céc phan ng hoa hoc thuong tién hanh trong phong thi nghiém duéi ap suat
khiquyén khong doi nén hiéu ung nhiét thuong dung la AH.
Theo quy uéc qudc té hiéu tng nhiét caa mot qua trinh héa hoc duge do & trang
thai chuan. Trang thai d6 duoc gitt & 4p suat P = 1 atm; t° = 25°C hay 298 K. Hiéu ting

. I 0 . p
nhiét AH trong truong hop nay dugc ghi la: AH . hay don gian hon 1la AH®, vi du:

1
Ha(K) + - Oz(K) — HeO (1) AH 298 = - 258,84 k]

Bai tap ap dung: Xét phan tng hda hoc sau:
Fe203(r) + 3CO(k) — 2Fe(r) + 3CO2(K)
Biét rang khi khir 53 gam Fe,O3 bang CO cd thoat ra 9,414 kJ nhiét lugng trong
kién dang ap. Hay tinh hiéu tng nhiét cia phan tng. Cho O = 16; Fe = 56.
Lai giai: Khi khir 1 mol Fe2Os thi nhiét luong phat ra la:

160 s 9.414 = 36,945 k]

Vay hiéu tng nhiét cua phan tng:
Fe20s(r) + 3CO(K) — 2Fe(r) + 3C0x(K) & 1a AH = -36,945 kJ.
Bai tap &p dung: Tinh hiéu tmg nhiét dang tich AU cia phan tng sau & 25°C.
2502(K) + Oa(k) — 2S03(K); AH = - 196,145 kJ
Loi giai: Ap dung cong thiac: AU=AH - An x RT
GiatriAn=2-3=-1
Do d6 AU =-196,145 + 1.8,314.103. 298 = - 18367 kJ
1.1.4.2. Sinh nhiét - Nhiét phan hay - Thiéu nhiét
a) Sinh nhiét
Sinh nhiét (con goi & nhiét tao thanh) cia mot chat 1a hiéu ang cua phan tng tao
thanh 1 mol chat dé tir cac don chat. Néu Ia nhiét chuan thi phan wng phai twong tng
Véi trang thai chuan (25°C; lamt).
Vi du:

C (graphit) + O2(k) — CO2(K); AH0 (CO2) =-39,62kJ/mol
sShn

1
Ha(K) + - Oz(K) — HeO(K); AR’ (H20) = -241,82k3/mol
sn

Sinh nhiét ctia mot sé hop chat ¢ diéu kién chuan.

Theo dinh nghia trén thi sinh nhiét cua tit ca don chat ¢ trang thai chuan déu
bang khong.

b) Nhiét phan huy.

Chiing ta diéu biét phan tng nghich cua phan (g tao thanh duoc goi Ia phan ing
phan huy. Vi vay, ta c6 thé hiéu hiéu tng nhiét ciia phan ng tao thanh va phan tng
phan huy c6 tri s6 tuyét ddi nhu nhau nhung trai dau.

Vi du:

C (graphit) + Oa(k) — COx(K)  :  AH' (COy) = -39,5kJ/mol
sn
0

COaK) — Cgraphit) + O2() 3 AH_ (CO;) = +393,5k¥/mol
p



) Thiéu nhiét

Thiéu nhiét (con goi la nhiét dét chay) Ia hiéu (ng nhiét caa phan tng dbt chay
1 mol chat bang oxi phan ung (O2) dé tao thanh céc oxit bén voi hoa tri cao nhét cia san
pham chay bén nhat. Néu la thiéu nhiét chuan thi phan tGng twong @ng Véi trang thai
chuan (25°C; 1atm).

Vi du:

CaHo(K) + %Oz(k) —5 2C0x(K) + 3H20(0): AH:n (C2He) = -1558 4kJ/mol
Bang 1.1. Thiéu nhiét (nhiér dot chay) cia mét sé chat hitu co (25°C, latm)

Chat Cong thic AH:n kJ/mol
Metan (K) CHa -890,355
Etan (K) CaHs -1558,400
Propan (K) C3Hs -2220,03
n-Butan (k) C4Hio -2878,510
Etylen (k) CzaHq -1410,970
Axetilen (K) CaHo -1299,630
Benzen (¢) CeHs -3293,640
Saccarozo (r) C12H2:011 -5643,788
Etanol (£) C2HsOH -1366,910
Axit axetic (¢) CH3COOH -871,690

1.1.4.3. Dinh lugt Hess

Dya vao ly thuyét nhiét dong luc hoc va céc sé liéu thuc nghiém thu dugc
G.1.Hess da phat minh ra dinh luat co ban caa nhiét hda hoc vao nam 1840.

Dinh lut phét biéu nhu sau:

Higu ¢ng nhiét ciia qua trinh hda hoc xdy ra ¢ ap suat hay thé tich khong doi phu
thugc vao bdn chat va trang thai cia cac chdt ban dau va san pham thu duwoc chir khdng
phu thudc vao cac giai doan trung gian.

Diéu nay ciing co thé dién giai mot cach don gian:

Néu c6 nhiéu cach dé chuyén cac chat ban dau nhu nhau thanh cac san pham cudi
cuing gidng nhau thi hiéu wng nhiét tong cong theo cach nao ciing nhu nhau.

Bai tap 4p dung: Phan tir SOs tao thanh tir S va O2 ¢d thé tién hanh theo hai cach
khac nhau:

- Hoac bang céch truc tiép

Cach 1: S(r) +g 02(k) — SO3(K); AH; = -1653,510kJ/mol

- Hay qua hai giai doan
Cach 2: S(r) +O2(k) — SO2(K) ; AH; = -1242,648kJ/mol

S02(K) +% Ou(k) — SO3(k);  AHy=?

Xuat phat tir cac dir kién trén hay tinh gia tri AHa.
Loi giai:
Vi 2 cach néu trén déu xuét phat tir trang thai dau dé di dén trang théai cudi nhu
nhau nén theo dinh luat Hess ta c6 thé viét:
Tong cong:  AHi = AH, + AH3
Tur do suy ra: AHs = AHi - AH»
AHs = - 1653,510 - (-1242,648) = -410,862kJ/mol



Diéu nay c6 thé minh hoa theo so db sau

AH1

s+ 30, >l so,
2 N )v
AHN A*”
1
S+EOZ

1.1.4.4. Hé qua cua dinh lugt Hess
Tur dinh luat Hess chiing ta c6 thé rit ra cac hé qua sau:
Hé qua 1: Hiéu izng nhiét mgt phan ing bang téng sinh nhiét (nhiét tgo thanh)
cua CAc san pham trer di tong sinh nhiét cia cac chdr dau (co kém theo cac hé so).
AH = Y AHsn(san pham) - Y AHsn(chit dau) (1.5)
Bai tap ap dung. Can cu vao gié tri nhiét tao thanh cua CaCOgz, CaO, CO; hay
tim hi¢u tng nhiét cua phan Gng.

0
CaCOs(r) — CaO(r) + COx(K)  ; AH =7

AHO(kJ/mol) - 288,5-151,9 -94,1
Loi giai:
AH =AH' (CaO)+AH. (CO;)-AH’ (CaCOs)
pu sp sp cd
=-151,9-94,1 + 288,5
=+ 42,5kJ/mol
Hé qua 2: Hiéu ing nhiét mét phdn iing bang tong thiéu nhiét (nhiér dot chay) cua
Cac chdt dau trir di tong thidu nhiét ciia c&c san pham (co kém cac hé so).
AH = Y AHu(chét dau) - Y AHm(san pham) (1.6)
Bai tap ap dung: Tim hiéu ng nhiét cua phan tmg este hoa sau day khi biét
nhiét dbt chay cua cac chat da cho:

0
CHCOOH(1) + CzHsOH(f) »CHaCOOCHs (1) + H:O(0) ; AH | =

AH:n (kJ/mol) -871 -1367 -2284

Loi giai: Theo hé qua 2 cia dinh luat Hess ta c6 thé tinh AH ciia phan Gng trén:
0

AH o = -871 - 1367+ 2284 = + 46kJ/mol

1.1.4.5. Mét sé ing dung cuia dinh ludt Hess

a) Xdc dinh hiéu ung nhiét cua phan i#ng

Péi véi nhitng phan ang kho hoic khong thé xac dinh duoc bang thuc nghiém
nguoi ta thuong van dung cac hé qua cua dinh luat Hess.

Bai tap ap dung: Xac dinh hiéu tng nhiét caa qua trinh:

cin -  C(r)y; AH=?
~ Thanchi  Kim cwong
Bict: C(Nthan chi + O2(k) —»CO2(k); AH1 =-394,052 kJ/mol

C(r)kim cuong + 02(15) - COZ(k), AHZ = '395,405 k\]/mOI
Loi gidi: Cac qua trinh duoc biéu dién nhu sau:



AH1

Than chi C (r) » CO2 (k)
AH AH>
C(r)
Kim ctong
Theo dinh luat Hess ta c6: AH = AHi - AH>
=-394,052 + 395,405
= 1,353 kJ/mol

Bai tap ap dung:
Phan ng tao thanh CO; tir C va O ¢ thé tién hanh theo hai cach khéac nhau:
- Hozc la tién hanh tryc tiép: C + 02 — CO; Véi higu ang nhiét dang ap la
AH? = -393kJ/mol
- Hay la qua hai giai doan.

C+ %02—>C02 véi AH
X 0
va CO+ 2.0, COz AH =-283kd/mol
Tinh gia tri AH;
L giai: Vi hai cach do cung xuét phét tir trang thai dau va cung di dén trang
thai cuoi giong nhau nén theo dinh luat Hess, hiéu ing nhiét trong hai con duong dé déu
0 0
nhu nhau, nghia la: AH® = AH1 + AH2 :
Trang thai dau Trang thai cudi
C + O AH CO
2 2

A}\ /;HO
1 2
1

CO +2 0Oy
Tr 2 n

=4 o

Trong vi du nay néu biét AH® =-393kJ/mol va AHZ = -283kJ/mol ta dé dang tinh

duoc AHi (phan ung nay khé xac dinh hiéu ang nhiét phan @ng bang thuc nghiém).

Viy ta co: AH; — AHO - AHZ = -393 - (-283) = -110 kI/mol

b) Xdc dinh nhiét tgo thanh mét chat
Bai tap &p dung: Tim nhiét tao thanh cua ruou etylic tir cac dir kién sau:
C2Hs0H (£) + 302(k) — 2CO2(K) + 3H20(%) ; AHpy = -1368kJ/mol
AH? (kJ/mol) 2 0 -394 -286
Loi giai: Ap dung hé qua 1 cta dinh luat Hess ta co:
AH,y = 2(-394) + 3(-286) - AH® (C2Hs0H) = -1368
Rut ra: AH? (CoHsOH) = 2(-394) + 3(-286) - (-1368) = -278kJ/mol
¢) Xac dinh nang heong lién két
Hiéu &ng nhiét phan tng tinh theo nang lugng lién két Ia:
AHpy = Y AHk (chat dau) - YAHk (san pham)  (1.7)



Bai tap ap dung: Xac dinh nang luong trung binh caa cac lién két O - H trong
phan tir nudc, biét rang nang lugng lién két H - H va O = O tuong tng la -435,9 va -
498,7kJ/mol, khi dbt chay 2mol H. toa ra 483,68kJ/mol.

Loi giai:

2H2(k) + O2(k) — 2H20(K) ; AHpy = -483,68kJ/mol
C6 thé tinh hiéu ung nhiét phan tmg theo ning lugng lién két:
AHpy = Y AHik (chat dau) - Y AHk (san pham)

Vay: -483,68 = 2(-435,9) - 498,7 - 4AH« (O - H)
_1
AH (O - H) = Z[(2.(—435,9)—498,7+483, 36) |
= -463,545kJ/mol

1.2. Nguyén ly 11 nhiét dong luc hoc hoéa hoc. Chiéu dién bién ciia quéa trinh hoa
hoc.

Tur nguyén ly | caa nhiét dong luc hoc da xdc dinh duoc hiéu tng cua cac qua
trinh hda hoc nhung chua doan nhan dugc chiéu dién bién caa qua trinh tu nhién ciing
nhu cua cac phan tng hoa hoc.

1.2.1. Khai quat vé nguyén ly Il nhiét déng luc hoc
1.2.1.1. Ngi dung nguyén ly II. \

- Boi v&i moi hé nhiét dong deu ton tai mot ham trang thai duoc goi la entropi S
ma:

- Trong qua trinh bién doi thuan nghich va bién doi khdng thuan nghich bién
thién entropi cia hé dugc xac dinh bang hé thuc:

as> 99
, T
Neéu xét toan bo qua trinh bién doi caa hé tir trang thai (1) sang trang thai (2) thi:
AS> | = 1.8
> [ (18)

1

DAu = danh cho qua trinh thuan nghich.

DAu > danh cho qua trinh khéng thuan nghich.

Déi véi truong hop ma trong sudt qua trinh xay ra, nhiét ¢ khong ddi thi hé thirc
(1.8) c6 dang don gian sau:

As= 2
=

Do6i véi hé ¢d 1ap vi nhiét trao d6i bang khdng nén tir cac hé thic trén ta co thé
Viét:

dS>0hay AS>0 (1.9)

Piéu d6 co nghia la d6i vai hé cd lap, entropi caa hé chi cd thé 1a khong thay doi hay
14 ting chtr khdng hé giam. D6 ciing 14 cach phat biéu cua nguyén 1y I1.

Vi cac qua trinh ty phat, déu la céc qua trinh khdng thuan nghich nén trong hé cd
lap nay chi xay ra theo chiéu ting cia entropi. Khi entropi cua h¢ dat gia tri cuc dai
nghia 1a dén khi bién thién cta entropi bang khong (dS =0) thi h¢ dat tran thai can bang.
Trong qua trinh bién doi trang thai cua hé, néu co6 su trao d6i nhiét véi moi truang bén
ngoai thi cing véi sy bién thién entropi cia hé c6 su bién thién entropi cia méi trudng
bén ngoai.

Néu goi ASt la tong bién thién entronpi cta hé va mai truong bén ngoai thi ta c6
thé viét:

AST = ASh¢ + ASmtr
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Néu trong binh phan @ng héa hoc, chang han duogc dit trong mot nhiét luong ké
thi nhiét lugng ké tao thanh méi trudng bén ngoai cua hé hda hoc. Hé hda hoc va nhiét
luong ké tao thanh mot hé ¢ 1ap va nhu ta da biét.

- Béi véi qua trinh thuan nghich:

AShe + ASmr =0
- Béi véi qua trinh khong thuan nghich:
AShe + ASmir >0
1212 Bién thién entropi trong qud trinh thay doi trang thai vdt ly ciia mét chat nguyén
chat

Trong qua trinh thay doi trang thai vat Iy (ran - 1ong; 1ong - hoi, bién d6i qua lai
giita cac dang thu hinh) cua c4c chat nguyén chat tai nhiét &6 khong thay d6i, nhiét do
dong luc hoc da chi rang:

Néu qua trinh thuan nghich xay ra & ap suat khong ddi thi nhiét trao ddi Qp = AH.

Tir d6 ta co: AH = % (1.10)

Bai tap 4p dung: Xac dinh bién thién entropi AS trong qua trinh héa hoi mot
mol nuéc ¢ 373K (nhiét hoa hoi cia mot mol nude & 373 K tai &p suat Po = 1atm, 1a Qp
= AH = 40,7kJ/mol).

Lot giai: T hé thuc (1.10) ta co:

3
AS = AH = 40,7.10 =109J / mol.K

T 373
1.2.1.3. Bién thién entropi cia mét chat khi nhiét do thay doi
Qua trinh nay thudng xay ra & diéu kién &p suat khong ddi nén ta co thé viét:
8Q = dH = nCpdT
(n = s6 mol chat, Cp I nhiét dung mol cua mot chét can xét)

nC dT nC dT
gs= 4 AS = j (1.11)
T
Néu ap suat duoc coi la khong dbi thi AS duQC tinh theo cong thirc don gian hon.
AS = ncpln% (1.12)

1
Néu qua trinh xay ra ¢ diéu kién dang tich thi ta ciing c6 cac cong thic tuong tu.
Truong hop Cy thay doi theo nhiét do.

AS = j nC, O_'rT (1.13)

Truong hop Cy duqc xem la khong doi thi AS s& xac dinh theo cong thiic sau:
AS = nCvlnTI_—z (1.14)
1
Bai tap ap dung: Xac dinh bién thién entropi cia 1 mol nude khi dun nong tur
273 K (0°C) Ién 373 K (100°C). Chi nhi¢t dung cta nudc khong doi Cp = 75,3)/mol.K.
Lot giai: Ap dung bicu thfrc (1.14) ta co:

AS=nCp|n = 75, 3In@—23 5J /mol.K
T, 273

1
1.2.1.4. Y nghia cia entropi
Nhu nguyén 1y 1T da chi rb c&c qua trinh tu phat (khong thuén nghich) trong mot
hé co lap chi xay ra theo chiéu ting ctia entropi. Nhu thé rd rang khi entropi ting sé& kéo
theo su chuyén dong hdn don cia cac phan tir trong hé. N6i cach khac: Entropi 1a thuéc
do murc dd hdn don cua cac phan tir trong hé. Do chinh 1a y nghia cua entropi.
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Ta thir 1ay vi du minh hoa cho diéu khing dinh trén. D4i véi cing mot chat khi
h¢ ¢ trang thai long thi cac phan tir chuyén dong hon don hon khi nd tré nén ¢ the ran
(Stong > Srin). DI VO qua trinh néng chay, dun néng AS > 0, nghla la s€ lam tang su
chuyén dong cua céac phan tir trong hé. Tréi lai, khi thuc hién qua trinh két tinh, ha nhiét
d6, nghia 13 1am giam muc d6 chuyén dong hon don cua hé, AS < 0.

1.2.2. Dinh lugt Nernst ( hay nguyén ly 111 nhiét dgng luc hoc)
1.2.2.1. Khai quét chung

Khi mét trang thai hoan toan trat ty thi entropi dat duoc gia tri cuc tiéu. Pay 1a
trang thai cia mot tinh thé hoan hao ¢ 0 do tuyét dbi (0K). Trong tinh thé hoan hao, mdi
nguyén tir, phan tir hay ion chiém mét vi tri xac dinh trong mang tinh thé va c6 mét ning
lwgng cuc tiéu nhu nhau.

Diéu nay co6 nghia 1 tinh thé c6 mot mic d6 hdn don cuc tiéu vé vi tri ciing nhu
vé ning luong cac hat.

Luan diém nay trong nhiét dong luc hoc con duoc goi 1a dinh luat Nernst hay
nguyén ly th 111 caa nhiét dong luc hoc va dugc phét trién nhu sau:

O nhiét dj tuyét doi (0K), moi don chdt ciing nhw moi hop chat & dang tinh thé
hoan hdo déu c6 entropi bang khong (St=o0 = 0).

Vi entropi caa cac don chét (Cgraphit, Ckim cuong, O2) cling nhu hop chat (Coz...) 6 0
K déu bang 0 nén dinh luat Nernst ciing c6 nghia 13, & khong d6 tuyét ddi, bién thién
entropi ASt=o trong qua trinh bién d6i tinh thé & dang tinh thé hoan hao déu bang khong,
chang han:

C+0;— CO2 : ASo=0
1.2.2.2. Bién thién entropi trong c&c phan ing héa hoc

Vi entropi 12 mot ham trang thai nén ngudi ta sir dung tinh chét nay dé xac dinh
bién thién entropi trong cac phan &ng hoa hoc (gidng nhu viéc sir dung dinh luat Hess
trong viéc xac dinh hiéu tng nhiét phan ng):

AS(phan tmg) = ¥'S (san pham) - ¥'S (chat dau)
Bién thién entropi chuan 8298 (don gian 1a AS®) cua phan ung bang téng entropi
chuan cua cac san pham trir di tong entropi chuan cua chat phan tng.
0 0
> pu z5p ch (1.15)
Vai phan ung: aA + bB — ¢C + dD
Taco: AS . = (cS" +ds’ )-(as’ +bs’ )
pu C D A B

Bai tap 4p dung: Xac dinh entropi chuan tao thanh caa NH4CI. Cho biét:
SO(N2) = 191,5J/mol.K;  S%(H.) = 130,6J/mol.K
SO(Cl,) = 22373/mol.K;  SY(NH.CI) = 94,6)/mol.K

Lot giai: Phan ung:

1

>N, +2H, +%c:|2 — NH,CI

0
AS | (NHLCI) = 8 (NHLCI) - BSO(NZ)+28°(H2)+%S°(CI2)}
= 94,6 - (95,75 + 261,2 + 118,5) = -1380,85J/mol.K
. 0
Bai tap ap dung: X&c dinh bién thién entropi AS ou cua phan ing sau:

2CH30OH(L) + 302(k) —2CO2(k) + 4H20(k)
Cho biét:
S%(H20, k) = 188,6J/mol.K; S%(CO, k) = 213,6J/mol.K
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S%CHs0H, €) = 126,8J/mol.K;  S%(O., k) = 205,0J/mol.K
Loi giai:
0
AS ou = {45°(H0, k) +2S°(CO2, k)} - {2S°(CH30H, ¢) +3S°(O2, k)}

= (4.188,6 + 2.213,6) - (2.126,8 + 3.205,0) = 313J/mol.K
1.3. Entropi tw do va chiéu dién bién cia cac phan &ng héa hoc
1.3.1. Entropi tw do va chiéu dién bién ciia cac qua trinh tw phat

Ta da biét, trong mot hé ¢o 1ap, cac qué trinh tu phéat xay ra theo chiéu ting cua
entropi AS > 0.

Céc qua trinh hoa 1y thudng xay ra trong cac hé kin, co su trao dbi nhiét va cong
V61 moi trudng bén ngoai.

Trong ty nhién ta cling con gap nhiéu qua trinh tu phat, chuyén hé tir trang théi co
nang luong cao vé trang thai c¢6 ning luong thap kém theo sy giam entropi (ASne <0).

Vi du thuong gap nhat 1a cac qua trinh hinh thanh cac phan tir, cac tinh thé tir cac
nguyén tir hay cac ion riéng re.

Vi vy, ngudi ta can két hop hiéu img nang lugng va hiéu ung entropi dé tim diéu
kién duy nhat, xac dinh chiéu dién bién cua cac qua trinh tu phat.

O day, ta xét cac qua trinh xay ra tai mot nhiét do va tai mot 4p suat khong doi,
duoc goi la cad qua trinh dang nhiét, dang ap.

Déi voi mot hé kin ta can xét tong bién thién entropi ctia hé va ciia moi truong
bén ngoai:

ASténg = ASmtr + AShe (1.16)

Vi moi truong bao gdm mét khdng gian 16n nén sir trao doi nhiét gitra hé va moi
truong bén ngoai khdng anh hudng dén trang thai can bang cia moi trudng bén ngoau
va do d6 qua trinh bién ddi cua méi truong bén ngoai ludn ludn duoc coi la qué trinh
thuan nghich va nhu vay, dbi véi cac qua trinh dang nhiét ding ap, bién thién entropi
ctia méi trudng bén ngoai déu duoc tinh theo hé thic:

ASmyr = 2o (1.17)
Déi vai nhiét trao doi gitra hé va moi truong bén ngoai ta ludn co:

ASmyr = AShe (MOt bén thu, mot bén phat)
Tir do6 ta co thé viet:

AStng = AShs + ASmi = ASpe - 2Hre (1.18)
Nhan ca hai vé vai - T ta co:

-TASténg = AShe - TAShe (a)
V&i T - const, ta co:
AH - TAS = Hz - H1 - T (So- S1) = (He - TS2) - (H1 - TS1) (b)

Vi S, H déu la cac ham trang théi nén t6 hop cia ching (H - TS) ciing 1a mot ham
trang thai. Tur do nguoi ta dinh nghia mot ham trang thai mai, ky hiéu 1a G vaéi
G = H - TS duogc goi 1a entannpi ty do, thé dang nhiét dang ap, hay nang luong ty do
Gibbs.

S¢ di nang luong nay duoc goi 1 nang lwong tu do vi phan ning luong ndy cé
thé “lién két”, chi ¢ thé chuyén thanh nhiét.

Véi dinh nghia d6, hé thirc (b) c6 thé viét:

AH-TAS=G2-G1=AG

hay AG =AH - TAS (1.19)

Trong hé thizc ndy AG, AH va AS déu chi lién quan dén hé can xét.

So sénh h¢ thirc nay voi (a) ta co:
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AGn¢ = - TASténg
Theo nguyén 1y II, dbi véi mot qué trinh khong thuan nghich hay tu phat:
ASiéng > 0 hay - TASiing< 0, do d6 AGhs < 0 (1.20)
D6 1a diéu kién duy nhat cho qua trinh tu phat xay ra khi ap suét va nhiét do khong
ddi. N6i cach khac, ddi véi mot qua trinh dang nhiét, dang &p, chiéu dién bién cua qué trinh
ti phét 1 chiéu dién bién ma niang lwong tu do cua hé giam.
Khi AG = 0 hay AH - TAS = 0, ta cb AGhs = A:'he nén chua dat trang thai can

bang. Nhu vy, tir nhitng diéu trinh bay trén day ta c6 thé tom tat két qua trong bang sau
day:
Diéu kién tu phat cho mot qua trinh dang nhiét dang ap:
AG Qua trinh dién bién
<0 Tu phét, dién bién theo chiéu thuan.
=0 Hé dat dén trang thai can bang.
>0 Khong tu phat, qué trinh dién bién theo chiéu nghich
Bai tap ap dung: Mot cach cu thé, ta xét qua trinh chay dong cua nudc da tai 3
nhiét 6 khac nhau: t = 1°C, 0°C va - 1°C. Hay tinh AG tai 3 nhiét do nay va cho biét
nhan xét. Biét rang:
H20(r) — H20(€); AHnc = 6007J/mol, AS = 21,99J/mol.K
Loi giai: Két qua tinh toan duoc ghi trong bang dudi day:

Nhiét N AH AS -TAS AG Y

do °C by K J/mol J/mol J/mol J/mol Chay long
1,0 274,15 6007 21,99 -6029 -22 Tu phat
00 273,15 6007 21,99 -6029 0 Can béng
-1,0 272.15 6007 21,99 -6029 +22 Khéng tu phat

Khi t > 0°C, AG < 0 qu4 trinh chay long nudc da dién ra tu phat;

Khit=0°C, AG=0 tacé hé can bang: nuéc da nuéc;

Khit < 0°C, AG>0 qua trinh chay 16ng khong tu phat; qua trinh nguoc lai la
qua trinh két tinh nu6e da (AG < 0 ) xay ra tu phat.

ViAG = AH - TAS nén khi AH va AS cung dau c6 thé c6 hai kha ning:

- Hé chuyén sang trang thai c6 ning lugng thap clng véi su giam d6 hon don cua
hé;

- Hé chuyén sang trang thai c6 d¢6 hdn don cao.

Khi d6, yéu té thir 3 1a nhiét do s& quyét dinh chiéu bién thién caa qua trinh. DAu
ciia AG s& phu thudc vao dau caa AH va AS. Piéu nay ciing ¢ thé thay rd trong bang
sau:

AH | AS AG (= AH -TAS) Bién doi
+ - Tu phat

+ - + Khéng tu phat
- - -O T thap Ty phat

+O T cao Khong ty phat

+ + + O T thap Khong ty phat
+O T cao Ty phat

1.3.2. Bién thién entanpi tze do trong cac phdn #ng hoa hec
1.3.2.1. Entanpi t do chudn cuia phdn #ng

Entanpi ty do tao thanh AG cuia mot hop chat 13 bién thién entanpi tu do trong
phan ung tao thanh hop chat d6 tir cac don chat. Néu 1a entanpi tu do chuan thi phan

, 0
tng phai trong tng véi trang thai chuan (25°C; 1atm) va duoc ky hiéu l1a AGf (don
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) . 0 . _

gian 1a AG?). Can luu y rang, véi dinh nghia trén, AG f cua cac don cha ¢ trang thai
, . 0 .y ..

chuan (giong nhu AH ) déu bang khong:

Vi du: 2(graph|t) 0; G (Cu,r)=0
0
f

—hC)—hC)

G (l21)=0; G (0O2,k) =0

Phuong phéap thuong sir dung dé xac dinh AG f la dya vao cbng thuc:
0 0 0
AG  =AH -TAG (1.30)

. 0 .
Bang cach d6 nguoi ta xac dinh AG f cua hop chat va tap hop lai thanh bang tra
cuu
Bai tap 4p dung: Cho phan tng:
CaCOs(r) — CaO (r) + CO(K)
Biét AH(;98 cua phan ang la 178,24kJ/mol

AS® : phan @ng bing 160,60.10°kJ/mol

Hay tinh bién thién entanpi tu do chuan cua phan &ng va cho biét chiéu caa phan
ung nay & 25°C.

Loi giai: Ap dung biéu thﬁ’C (4.28) ta co:

AG.  (pu)=AH._ -TAS.
298 298 298
= 178,24 - 298 x 160,60.10°

= 130,38kJ/mol
G 298 (pu) > 0 nén phan @ng phan huy CaCOs (r) khong xay ra.

Ciing nhu nhi€t phan ung AH,. dlen bién entanpi tu do cua phan tng bang téng

entanpi do tao thanh cac san pham trir di tong entanpi ty do tao thanh ciia cac chat phan
ing (co kém theo cac hé sb).

AG(phan tmg) = YAG (san pham) - YAG (chat dau) (1.31)
Bai tap ap dung: Xac dinh AG ;98 cua phan ng sau:

250,(k) + Oa(k) — 250s(K)
5298 K, AGZ% (kd/mol) - 300,07 0 -370,37

. 0 x
Lot giai: AG 208 cua phan ung dé dang dugc tinh nhu sau:

AG.  =2AG. _ (SOs,K)-2AG.  (SOz, K)
298 298 298
=2 (-370.37) - 2(-300,37) = -140kJ/mol
1.3.2.2. Chu trinh nhiét dong hoc
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Vi entanpi ty do 1a mot ham trang thai nén ciing nhu cac ham trang thai khac, bién
thién entanpi tu do AG chi phy thugc vao trang thai dau va trang thai cudi.
AG(qua trinh) = AG (cudi) - AG (dau)
ma khéng phu thudc vao cac trang thai trung gian. Vi vay, néu c6 hai cach di tir trang
thai ¢au dén trang thai cudi thi ta cd thé biéu dién chung theo so dd sau:

AG
Trang thai dau ,| Trang thai cudi

AG1 AG;

, Trang thai trung gian

Tas€co: AG= AG:1 + AG>

Chu : Cac miii tén phai cling xuat phét tir trang thai dau va cing hudng, di theo
hudng vé trang théai cudi. Trong truong hop phai dbi huéng cua mot qua trinh thi phai
doi dau cia AG

Bai tap 4p dung: Biét AG° (CO,) = -394,4kJ/mol;

AG; (CO) = -137,2k3/mol

0
Xac dinh AG2 cuaa phan ung: CO + %Oz — CO,

Loi giai:
Co+ %oz 5 CO,: AG;
co+ 1o, 5co,; AG’
2 2
C + 02 FO’)
\ / AG |
Theo so dd A . 1 biéu thtrc nay ta d& dang

CO +=0,
2

suy ra gia tri AG2 (CO +§O

AG; ~ AGO - AG; = -394,4 - (- 137,2) = - 257,2 kJ/mol

LUONG GIA
1. Hay trinh bay nguyén ly thar nhat caa nhiét dong luc hoc va &p dung cua n6?
2. Hay trinh bay nhiét hoa hoc?
3. Hay trinh bay tng dung nguyén ly 11 nhiét dong luc hoc vao hda hoc, chiéu dién
bién cua qué trinh hda hoc?
4. Hay trinh bay Entropi tu do va chiéu dién bién cta cac phan tng hoa hoc?
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~ CHUONG 2
CAN BANG HOA HOC

MUC TIEU

1. Trinh bay dwoc phwong trinh dang nhiét Van’t Hoff va y nghia phirong trinh
dang nhiét Van't Hoff.

2. Trinh bay dwoc cac dang hang sé can bang Ke, Kp, Kx Va phirong phdp xdc
dinh hang sé can bang.

3. Trinh bay dwoc C&C yéu té anh hudng dén sy chuyén dich can bang.

NQI DUNG
2.1. Phan wng thuan nghich
D6 13 phan Gng xay ra theo hai chiéu nguoc nhau trong cling mot diéu kién.
Vi du: ta xét phan ung sau:
Ha(k) + I2(K) -->2HI
Bén canh phan ng trén, trong héa hoc con ton tai loai phan tng chi xay ra theo
mot chiéu xac dinh duoc goi la phan tng khong thuan nghich. Vi dy:
2KCIO3(r) T) 2KCI(r) + 302(K)

Trong phan wng thuan nghich, cac chat tham gia phan ng tac dung véi nhau tao
thanh céc san pham phan tng, dong thoi cac san pham ciing tic dung véi nhau tao thanh
cac chat dau. Khi nao luong c&c chat phan (ng mat di theo phan tng thuan bang luong
ctia chiing duoc tao thanh theo phan tng nghich thi ta néi rang phan umg di dat téi trang
thai can bang.

Nhu vdy, & trang thai can bang héa hoc, ham lugng céc chat phan Gng ciing nhu
ham lugng céc san pham ton tai khong doi.

Day 1a can bang dong vi phan tng thuan va phan @ng nghich van xay ra nhung
Véi tée d6 bang nhau.

2.2. Phwong trinh ding nhiét Van’t Hoff. Hing s6 can biang K,

Xét phan tng trong hé khi 1y tudng:

aA +bB — cC +dD
duogc thyc hién ¢ nhiét 46 khong doi.

Tir phuong trinh phan Gng trén ta thay khi a mol chat A tac dung véi b mol chét
B s& cho ¢ mol chat C va d mol chat D.

Vi entanpi ty do cua hé phu thudc vao lugng chét cua cac cau tir nén trong qué
trinh nay bién thién entanpi tu do caa hé duoc tinh theo hé thic:

‘c 'd
A6 = AGY + RTIN P
PPy

P., Ps,... P., P, 1a&p suat riéng phan cua ting chat khi twong tng khi phan tng
chua dat t6i trang thai can bang tai nhiét do T.

Néu cac chat khi A, B, ... C, D dugc lay & diéu kién chuan:

P, = P, = P.= P, =...latm
AG = AG®= (cAG? +dAGY +..)—(aAGy +bAG] +...)

~ AG® Ia bién thién thé dang ap dang nhiét (entapi tw do) cia phan Ging & dieu kign
chuan.
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Tt do ta co:

A0 P RS
AG = AG” + RTIn : (2.1)
PP,
Khi phan tng dat trang thai can bang thi AG = 0, do d6 ta c6:
c d
AG= - RTInfe o 2.2)
PP,

Trong hé thuc trén Pa, Ps, Pc, Pp 12 &p suat riéng phan cuaa cac khi A, B, C, D khi
hé dat trang thai can bang nén duoc goi 1a 4p suét can bang.
D6i véi mot phan tng can xét tai mot nhiét dé T xac dinh, AGP - const.
Do dd, tur hé thac (2.2) ta co:
c d
Pca 'Pg = Kp = const (2.3)
P, .P;
Ky duoc goi 1a hang sb can bing, chi phu thudc vao nhiét do.
Tai mot nhiét do xac dinh, khi mot phan tmg xac dinh dat trang thai can bang thi
Kp CO Mot gid tri xac dinh khong doi.
D6 1a ndi dung cua dinh luat quen thudc trong hoa hoc va duoc goi la dinh luat
tac dung khéi luong hay dinh luat Guldberg - Waage (1867).
Thay (2.3) vao (2.2) ta co:

AG? = -RTINK, (2.4)
Thay (2.4) vao (2.2) ta duoc:
¢ pd
AG = RT[—In K, +In %] (2.5)
PA'PB

Hé thirc nay duoc goi la phuong trinh dang nhiét Van’t Hoff.

Bai tap ap dung: Trong phan ung Ha(k) + 12(k) --> 2HI(k) duoc néu o trén, lac
dau c¢6 1 mol Hz va 1 mol I, & 1000 K chi c6 0,735 mol H; tac dung véi 0,735 mol I,
tao ra 1,47 mol HI. Hay tinh hing sé can bing K, & diéu kién noi trén.

Lo giai: O trang thai can bang ta ¢ 1,47 mol HI, (1 - 0,735) = 0,265 mol H va

0,265 mol 2. Téng lugng chat n = 2mol. Goi x 12 phan sé mol:| x =

N
Xyp = 0,265 _ 0,1325; x,, = 0,1325;
Ta co: 2
Xy, = % =0,735
Theo dinh luat Dalton pi = xi.P, vi 4p suat chung P = 1 atm nén ta co:
Pri =0,735.1 = 0,735 atm; pn2= P12 = 0,1325.1 = 0,1325atm
Pl __ (0735
P,,.P, 0,1325.0,1325
Bai tap ap dung: Hang s can bang caa phan ung: CO2 + Hz2-->CO + H,0
¢ 850°C bang 1. ‘ , 7
_Nong d6 dau cua khi CO2 va Hz 12 0,2 va 0,8M. Tim nong do 4 chat ¢ thoi diém
can bang.

Tu do tacod: Kp =

Loi giai: CO2; + H2 --> CO + H20
Ban dau: 02 08 0 0
Phan ung: X X X X
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Can bang: (0,2-x) (0,8-X) X X
, x? NP
Ta co: (0,2-%)(0,6-) =1 Tu day ratra: x =0,16
Do d6: [CO] =[H20] = 0,16M
[CO;]1=0,2-0,16 = 0,04M
[H2]=0,8-0,16 = 0,64M
2.3. Céc hang sé can bang Kp, Ke, Kx
Xét phan ing: aA + bB -->cC + dD
ta nhan thay, trong biéu thirc cua hing sé can bang (2.3), thanh phan cua cac chat tham
gia phan g ¢ trang thai can bang duoc biéu thi qua cac ap suat riéng phan P; cua ching,
vi vay hing sé can bang duoc ky hiéu 1a Kp.
_RR
Popap

(2.6)

Nong d6 caa mot chat duoc biéu thi bang hé thuc: C = %(mol /L), trong d6 n; la
s6 mol chét cua i va V 1a thé tich chung cua han hop.
Mt khéc ta ciing da biét, d6i véi khi Iy tuong: p, = N RT C.RT, chang han, d6i

VGi chat A: Pa = CaA.RT ddi véi cac chat khéc ta ciing c6 cac hé thirc twong Gng. Thay
cac gia tri nay vao (2.6) ta co:
_RR _CeCp (RT)(RTY’ 27)
P P,f‘.PBb C,i.Cg (RT)*.(RT)"
_ Néu thanh phan cua cac chat tham gia phan tmg dugc bicu thi bang nong do C
thi hang s6 trén dugc Ky hiéu la Kc.
_cecé [of[o]
- cic A e
Nhu vy hé thic (2.7) 6 thé viét:
Kp = Kc.(RT)(c*0)-(@b)
hay K= Kc(RT)™" (2.9)
V6i An = (ctd)-(a + b). D6 1a hé thuc lién hé gita Kp va Ke
Ta can luu y rang, vi ¢ day P thuong tinh ra atm, V tinh ra lit nén:
= RV, 1224 =0,082L.atm/ mol.K
T, 27315
Bai tap 4p dung: Cho cén bang:
COCl,(K) --> Co (K) + Cla(K)
& 550°C, P =1 atm c6 d6 phan huy cua COCL: la a. = 77%. Tinh K, va K¢ ?

(2.8)

Loi giai:
COCly(k) --> Co (k) + Clz(Kk)
Ban dau: 1 0 0
Phan ung: o o o
Can bang: 1-a a o
Tong s6 mol & trang thai can bang la: 1 + o
p = p = PL p — Pl__a
CO Cl2 1+a’ COCI2 1+O!
2
ta c6 K, =Teofor _p @
Peoci2 l-a
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Thay s6 vao ta thu dugc:
(0,77)°
K,=1——-—-—-=1456

P T1-(0,77)?

K =K, (RT)™ =1, 456(% 823] ~0,0215

Trong qua trinh tinh toan thudng thanh phan cac chat trong hdn hop con dugc

-2 3 A X N ’ n A ~ 0 AT l:A A I
bieu dien qua phan s6 mol xi cia ching | x, = —— |nén ta s€ tim mai lién h¢ gitra
2.0

Kp va Kx. ) .
Theo dinh luat Dalton: pi = x;P, trong d6 P la ap suat chung cua hon hop khi.
Thay Pa = XaP; ps = X8P; pc = XcP ... vao hé thac cua K, ta duoc:

PEPS xS

IO p’
K =—€¢"D _ 2.10
OPARY XD plp” (210)
Khi thanh phan cua cac chat duoc biéu thi biang phan s6 xithi hang sé can bing

noi trén duoc Ky hiéu la Ky.

c yd
K, =X (2.11)
Xy - Xg
Nhu vy hé thic (2.10) c6 thé viét:
K, =K P CDhayK =K, P (2.12)

VGi An = (c+d) - (atb). D6 1a hé thic lién hé gitta Kp va Ky

Tir (2.9) va (2.12) ta thdy rang khi An = 0, nghia 1a néu tong céac hé sé ty luong
g Vi ccs chat khi tham gia va hinh thanh ¢ hai vé caa phuong trinh phan ung bing
nhau: (a + b) = (¢ + d) thi Kp = K¢ = Kx

Tur (2.12) ta thay rang néu 4p suat chung P ctia hdn hop khi bang don vi (P =
latm) thi Kp = K.

Vi K, chi phu thudc vao nhiét @6 nén Kc ciing chi phu thudc vao nhiét do.

Tir hé thirc (2.12) cho thay, ngoai nhiét do T, Kx con phu thudc vao ap suat chung
P khi An # 0.

Bai tip 4p dung: HI dun néng phan huy thanh Hz va l,. Tai mot nhiét do xac
dinh c6 K = 1/64. Hoi c6 bao nhiéu % HI phan huy ¢ nhiét d6 nay?

Loi giai: 2HI --> H, + I
Ban dau: 2a 00
Phan ung: 2X X X
Can bang: 2(a-x) X X
. X2 1
ta co: —— =—=x=0,2a

[Z(a—x) T 64
Luc dau nong do HI 1a 2a (mol/lit), khi dat can bang cé 2x - 0,4a mol phén huy.
Vay HI bi phan huy la 20%.
Bai tap ap dung: Cho phan tng:
H,(K)+1,(K)O 2HI(K)
& T =1000K va P =1 atm c6 Kp = 30,7. Hay tinh K¢ va Ky?
Loi giai:
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