NHIET HOA HQC VA HIEU UNG
NHIET CUA CAC QUA TRINH
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KHAI NIEM VE NHIET HOA HOC

Nhiét héa hoc chi nghién ctru vé hiéu Gng nhiét, 14
luong nhiét phat ra hay thu vao trong cac qué trinh hoéa
hoc, dua trén co so:

Nguyén ly 1:

Nang lugng khong tu nhién sinh ra hay mat di ma né chi
chuyén tir dang nay sang dang khac.

* Don vi nang luong theo hé Sl la joule (J).
« 1cal=4.184J.
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Mot so khai niém
e He¢:

— L& mot vat hay mot nhom vat thé dugce ngian cach
vo1l MOl truong Xung quanh bang bé mat tudng
twong hay bé mat vat ly.

« H¢ cO lap:

— L& hé khong trao doi niang lugng, chat voi moi

tredong Xung quanh.
« H¢ kin (dong):

— Khong trao doi chat ma c6 kha ning trao doi ning

luong vé1 mOl trudong bén ngoal.
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H¢ hd (mo):

— C6 kha nang trao doi chat, nang lugng véi moi
truong bén ngoai.

Hé can bang:

—La hé co cac thong sO trang thai xac dinh & mot
dieu kién nao do.

Hé dong thé:

— La hé chi co mot pha (khong co sy phan chia pha),
hoac khong co bé mat phan chia.

Hé di thé:
— C6 hai pha tré 1&n hoic c6 bé mat phan chia.
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Théng so va ham so trang thai

« Thong sO trang thai: p, m, v... dung dé biéu dién
trang thai cua hé dugc goi 1a thdng so trang thai

« Phuong trinh trang thai: Dung biéu dién tuong quan
tap hop trang thai ciia hé & mot diéu kién xac dinh.
— Vidu: pv=nRT

e CAac ham so trang thai: Ham trang thai 1a 1 dai luong
¢ gid tri chi phu thudc vao cac thong so trang thai
cua hé. Hay noi cach khac, chi phu thuogc qua trinh
dau va cudi, khong phu thudc qua trinh (1> 2).
— Cac ham trang thai: Noi nang (U), Enthalpy (H), Entropy

(S), niang luong tu do Gibbs (G) (co thé coi T, p ciing la
ham trang thai)

— Nhiét (q) va cong (w) khong phai la ham trang thai. 5
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« Cac qua trinh

Khi hé chuyén tir trang thai nay sang trang thai khac,
tirc 1a hé thuc hién mot qua trinh.
Qua trinh thuin nghich (TN): Xay ra theo hai chiéu

ngugc nNhau va tuong d6i cham, qua trinh dat dén can
bang dOng.

Qua trinh TN: La qua trinh chi x4y ra theo mot chiéu,
khong dién ra theo chiéu nguoc lai.

Quaé trinh dang tich (Isochoric process, V = const)
Quaé trinh dang ap (Isobaric process, p = const)
Quaé trinh dang nhiét (Isothermal process, T= const)
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Khi thuc hién qua trinh tir trang thai(1) dén trang
thai (2), hé co thé trao doi niang lugng voi mdi truong
dudi 2 dang: nhiét va cong.

Nhiét va cong
Dinh luat bao toan nang luong:
Taco: Q=AU+ A
Tt 14 khi cung cap cho hé mét nhiét luong Q thi nhiét niang

nay ding dé ting ndi niang cua hé va thuc hién céng A chong
lai cac luc bén ngoai tac dong Ién hé.

Q = Nhiét trao doi.
AU = D0 bién doi ndi ning.
A = COng thuc hién (Ky hiéu w hay A). -
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A=A +A
« A, cOng thé tich (gidn nd, co hoc).
A; = pAV

e A’ cong hitu ich (cong dién truong, tir trrong, hoa
hoc...)

Q =m.C.At

— m: Khéi luong hé (vat) nhan nhiét, g.

— C: nhiét dung riéng (specn‘lc heat capacity), J/(g.°C), hay
cal/(g.9C)- L& nhiét luong can thiét dé nang'1 g chat 1én 1
do (K hay C).

— At = t& — t, (su thay d6i nhiét do trudc va sau khi nhan
nhiét,
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 Noi nang U:

— La nang luong CQ san, an bén trong hé, gom
nang luong chuyén dong tinh tién, quay, dao
dong... cia nguyen tir, phan tt, ion...

> (Nang luong hé) = U dong nang hé (E,) + thé ning hé
(Ev)
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* Quy wéc vé dau va y nghia ciia A, q.

g > 0: Nhiét chuyén tir moi truong vao hé (thu nhiét)
g < 0: h¢ toa nhiét.
A >0 (hay w>0): H¢ sinh cong.
A < 0 (hay w<0): H¢é nhan cong.
—Vidu
A= pAV , néu hé sinh cong, tic la V>V, ltc d6 A>0.

10
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Ap dung nguyén ly I nhiét dong luwc hoc
Enthalpy H va hi¢éu irng nhiét AH
Tr Q=AU+ A
Voi AU =U, - U,
A = pAV
=>Q =AU+ pAV = (U, - Uy +p(V,-V,)

« Ping tich (V = const, AV=0)
Qy =AU + pAV = AU

Hay & diéu kién dang tich, nhiét cung cap cho hé chi ding dé
ting noi nang cua hé, Q,, goi la hi¢u ung nhiét dang tich
(nhiét dang tich).

11
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 Pang ap (p = const)
Qp =AU + pAV = (U, - U)) + p(V, - V)
(U, + pV,) = (U, + pVy) ,
bat H=U + pV, enthalpy, la ham so6 trang thai.
Qp=H,—-H;=AH
—Higu img nhi¢t ¢ diéu ki¢n dang &p (nhi¢t dang &p) chinh la
su bién doi enthalpy, hay goi tat la Hiéu &rng nhiét.

< Vo6i hé chat khi
AH =AU + AnRT

Phan wng tw xday ra khi AH < 0 = phat nhiét
Phan wng khong tw xday ra khi AH > 0 = thu nhiét

*12
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- MOT SO VIDU

VD1: O 1 atm va 25°C, c6 phan ung:
H,(K) + 1/20,(k) = H,0(K)
X&c dinh AU, biét AH = -58,1 cal/mol?

AH = AU + pAV=> AU = AH — AnRT.

An=1-(1+%)=-1/2
= AU =-58.1 + %2.1,987.(25+273) (cal/mol)

13
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VD2: O 1 atm va 25°C, c6 phan ung:
C(r) + H,O(k) = CO(K) + H,(Kk)
X&c dinh AU, biét AH = + 31,4 cal/mol?

AH = AU + pAV=> AU = AH — AnRT.

An=1+1-1=1
= AU =31,4-1,987.(25+273) (cal/mol)

14
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PHUONG TRINH NHIET HOA HOC

La phwong trinh phan @ng hoa hoc c6 ghi kem trang
thai pha cta tac chat, san pham.
Hiéu wng nhiét cua mot phan wng ty 1€ thuan voi
lrong chat tham gia phan &ng.
Vi du:

H,(g) + 20,(g) - CO,(g) + 2H,0(g) 4AH =-802 kJ
2CH,(g) + 40,(g) — 2CO,(g) + 4H,0(g)  AH = -1604 kJ

15
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Nhiét tao thanh

La hiéu rng nhiét cia phan tng tao thanh mot
mol chat tir cAc don chat ¢ trang thai tu do bén
vitng (& diéu kién chuan goi 1a nhiét tao thanh
tiéu chuan).
» Piéu kién chuan: p =1 atm va t = 25°C (thdng

dung)
Nhiét tao thanh tiéu chuan cua cac don chat bén
bang 0.

16
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Vi du: O diéu kién tiéu chuan.
-l (K)+ H,(k) > HCI(k)

AHC [HCI(K)] = -22.06 kcal/mol
N, (k)+3H,(k)— 2NH (k)

AHO < img [NH3(K)] = -22 keal
AHO[NH,(k)] = -11 kcal/mol
AHP[N,(K), Hy(k), Cl(k)] =0

17
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Nhiét tao thanh tiéu chuan (298K) ciia mot so chat

AH}’ AH;
Substance Formula (kJ/mol) Substance Formula (kJ/mol )
Acetylene CoHy(g) 226.7 Hydrogen chloride HCI(g) -92.30
Ammonia NHj3(g) -46.19 Hydrogen fluoride HF(g) —268.6
Benzene CeHe()) 49.0 Hydrogen iodide HI(g) 259
Calcium carbonate CaCOx(s) -1207.1 Methane CHy(®) -74.8
Calcium oxide CaO(s) —-635.5 Methanol CH;OH()) -238.6
Carbon dioxide COy(g) -3935 Propane C3Hs(g) -103.85
Carbon monoxide CO(g) -110.5 Silver chloride AgCl(s) -127.0
Diamond C(s) 1.88 Sodium bicarbonate NaHCO4(s) —947.7
Ethane CyHe(g) ~84.68 Sodium carbonate Na,COx(s) -1130.9
Ethanol C,HsOH(l) -277.7 Sodium chloride NaCl(s) -410.9
Ethylene C2H4(£) 52.30 Sucrose C 1 2H.220 1 (5) -2221
Glucose C(,H]zO(,(S) -1273 Water HzO(l ) —-285.8
Hydrogen bromide HBr(g) -36.23 Water vapor H,0(g) —-241.8
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Nhiét dot chay

La hiéu ing nhiét ctia phan Gmg d6t chay bang oxy 1
mol chat htru co dé tao thanh CO, (k), nudc 1éng va
mot sO san pham Khac.

c:2H6(k)+goz(k)=2c:o2 +3H,0

AHO | ane=-372.82 kcal ciing chinh [a nhiét dot

chay tiéu chuan ciia C,H; (K).

19
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Nhiét chuyén trang thai

La hiéu wng nhiét chuyén 1 mol chat tir trang thai nay
sang trang thai khac.

L, (r) > 1, (K), AHO,,=14.92 kcal, nhiét thang hoa.
H,O (1) —» H,0 (K), AHY,,,=10.52 kcal, nhiét bay hoi.

AlBr; (r) > AlBry (1), AHO,5.=2.71 kcal, nhiét ndng chay.

20
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Nhiét hoa tan

La hiéu ung nhiét can thiét dé hoa tan 1 mol chat thanh
dung dich trong mot thé tich dung moi rat 16n (du 16n).

Qua trinh hoa tan cé thé tach 3 giai doan:

Pha v& lién ket trong chat tan (thu nhiét). Vi du pha vo mang
tinh thé cua muoi khi hoa tan vao nude.

Pha v& lién két gilta cac phan tir dung moi (thu nhiét), o day
la pha luc lién két hydro cua nudc.

Tao thanh lién két dung moi — chat tan trong dung dich (toa
nhiét).

Phu thudc do lon cua cac giain doan ma tong céng qua trinh hoa
tan toa nhiét (muoi an trong nuwoc) hay thu nhiét (NH,CI trong
nuoc).

21
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MOT SO GIA TRI NHIET HOA TAN

Chat AHO kcal/mol (trong nwérc)
HCI -17.89
NH,CI + 6.140
NH, - 7.290
KOH -13.77
CeOH -17.10
NaCl +0.928
KCIO, + 9.890
CH,COOH - 0.360

22
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NaOH (r) +(n+m)H,O (1) = Na*.mH,O (dd) + OH-.nH,O (dd)

AH? = -10.20 kcal/mol

NH,CI (r) +(n+m)H,O (I) = NH,*.mH,O (dd) + Cl-.nH,O (dd)
AH? = +6.14 kcal/mol

23
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PINH LUAT HESS

Hiéu tng nhiét cuia qua trinh hoa hoc chi
phu thudc vao ban chat va trang thai cia
cac chat dau va san pham cudi chir khong
phu thuoc vao duong di cua qua trinh,
nghia 14 khéng phu thudc vao sé va dic
diém ciia cac giai doan trung gian.

24
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Két qua:
AH; = AH, + AH,

—_—

Enthalpy

Cac vi du

CHy(g) + 20,(g)

AHl —_ 1
—890 kJ | CO(Q) + 2H0(0) + 50,(8)
AH,; = —283 k]
Y \

CO(g) + 2H,0())

25
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CH4(k) —> C(r) + 2 Hg(k) A H;
2 Oz(k) — 2 Oz(k) A H,
C(r) + Oz(k) —> COz(k) A Hs
2 Hz(k) + Oz(k) — 2 H20(|) A H,

CH4(k) + 2 Oz(k) —> COz(k) + 2 H20(|),AHt6ng

AHténg:AH1+AH2+AH3+AH4
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AH = AH, + AH, = AH, + AH, + AH.

27
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HE QUA
DINH LUAT LAVOISIER AND LAPLACE

Lwong nhiét hap thu khi mét chat phan hiy
thanh cac nguyén to bang lwrong nhiét phat ra
khi tao thanh hop chat dé tir cAc nguyén to.

A+B=A, AH,

AB = A + B, AH,

|AH, | = |AH, |

28
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CAC UNG DUNG TINH TOAN

Tinh hiéu wng nhiét duwa vao nhiét tao thanh
Hiéu tmg nhiét cua phan ng b?é‘ing tong nhiét tao thanh cua
Cé(; san pham phan ung trir tong nhiét tao thanh cua cac
chat ban dau.
VD: Phan tng
aA+bB=cC+dD
AH, AH, AH, AH, (nhiét tgo thanh)

AH, , =CAH; + dAH, - (aAH, + bAH,)

29
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Tinh hiéu wng nhiét dwa vao nhiét dot chay

Hiéu trng nhiét cia phan (g bang tong nhiét dot
chay cua cac chat dau trir tong nhiét dot chay cua
cac san pham.

VD: Phan trng
aA+bB=cC+dD
AH, AH, AH, AH, (nhiét dot chay)

AH, . =aAH; + bAH, — (CAH; + dAH,)

30
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UNG DUNG PINH LUAT HESS
CHU TRINH BORN-HABER

Ung dung dé tinh ning lwgng mang tinh thé.

Vi du:
DQng chu trinh Born-Haber dé tinh ning lwong mang tinh
theé NaCl cho mot mol.

Na*(r) + Cl(k) - NaCl(r)

Biét: Nhiét thiing hoa ciia Na, nhiét phan ly cia Cl,, ning luwgng ion
hoa cia Na(k), ai lwc cua Cl(k) va nhiét tao thanh cia NaClI(r).

31
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Chu trinh Born — Haber biéu dién nhw sau:

» Na(K)+CI(K)

Ina E

\4

Na*v(k)+CI'(<)

A Na
Na(r)+1/2Cl,(k) 1/2DCI,
AH,[NaCl]
M A in é[NaCI]
NaCl (r) ~————

= AH,....[NaCl] = AH,[NaCl] —(

AH, . +% DCL, + 1, + Ec,j

32
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e Vidu:
Tinh ning luong lién két HC1, AH, [HCI]
» (O diéu kién chuan thi AHO, [HCI], tuy diéu kién phu hop

H(k) + CI(k) = HCI(K), AH, [HCI]

Biét: Nhiét phan ly caa H,, Cl, va nhiét tao thanh
ciia HCI(K), AH,[HCI].

33
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Chu trinh Born - Haber

1/2H,(K)+1/2Cl(K)
1/2DH, 1/2DClI,

H(k)+ CI(k)

AH,[HCI]

. HCI (K)

A [HCI]
AHOtt :%DHZ +%DC|2 +AHO|kHC|

— AH®HCI = AH’ —(% DH, +%DCIZJ

34
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SU ANH HUONG CUA NHIET PO PEN HIEU UNG NHIET
PINH LUAT KIRCHOFF

Nhiét dung (C): La nhiét lugng can thiét d¢ nang nhiét

d6 cua mot mol chat 1én 1K (hay 1°C)

C = Q/AT
Don vi cta nhiét dung : cal(J)/mol.do

Khi V = const — nhiét dung phan tir dang tich
C, = AU/AT T

Khi p = const nhiét dung phan tir dang ap

C,=AH T
AH = j CpdT
Tl

35


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dinh luat Kirchoff

AH,: Hiéu urng nhiét & nhi€t do T,.

AH,: Hi€u urng nhi¢t ¢ nhiét do T,.

AC, Z C, sanh pham - X C, tac chat (c6 nhan
voi he s ti lu’0’ng a, b, c, d).

aA+bB=cC+dD
= AC, =cC,. +dC,, _(aCPA T bCPB)

36
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Thuc té ap dung trong khoang nhiét do nho:
AHT = AHP4g + AC,(T-298)

Vi du: Xac dinh hiéu &rng nhiét cia phan @ng
sau ¢ 398K:
CO (k) + %2 O,(k) = CO,(k)

37


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Cho AH%,o; ctia phan tng la -67,64 kcal/mol

Nhiét dung phan tir dang ap ciia CO, O, va CO, lan
lwot la: 6,97; 7,05 va 8,06 cal/mol.dé.

Ta co:

AC,=8,06-6,97-7,05/2 =-2,43 cal/mol.d}

AH,,, = -67,64 - 2,43.103(398-298)= -67,88 kcal/mol

38


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

