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MUC TIEU HOC TAP

< Trinh bay dwoc cac khai niém co ban cla nhiét dong héa hoc bao gdm noi
nang, enthalpy, entropy, nang lwong ty do Gibbs, va y nghia cua cac dai
lwong AH, AS, AG.

< Tinh dwoc AH, AS, AG, va st dung gia tri AG dé xac dinh kha nang tw dién
bién vé mat nhiét déng cta phan rng trong diéu kién xac dinh.

< Van dung dwoc kién thirc vé cac nguyén Iy nhiét ddng héa hoc dé giai thich

co ché hoat dong ctia mot so6 vat liéu nha khoa.
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NGUYEN LY 1 NHIET PONG LUC HOC

= Nang lwong cla vi try [a hang s6

= Nang lwong khdng thé tw sinh ra va mat di, nd chi chuyén tlr dang nay
sang dang khac.

Nang lwong = thé ndng + ddng nang

Bboéng nang va
nhiét sinh ra

Lwe tinh dién gitra cac electron (Ss) i e
v&i nhau tao ra thé nang




HIEU (PNG NHIET VA BIEN THIEN ENTHALPY

Enthalpy 1& phép do téng lwong nhiét trong hé théng nhiét dong lwc hoc.
Lwong nhiét di vao hoac di ra hé théng trong qua trinh bién doi héa hoc

hay vat ly (hiéu &ng nhiét) tai diéu kién dang ap dwoc dinh nghia 1a bién

thién enthalpy cua qua trinh.

Hand Warmer Chemistry

L b | L b |

e Calciumchloride e Sodium acetate e Magnesium sulfate
» Water * Metal » Water

CaCl,(r) > Ca?*(I) + 2CI(I)
AH = - 81,5 kJ/mol
AH < 0: Phan ng téa nhiét

INSTANT

NH,NO,(r) = NH,*(l) + NO; (1)
AH = +26 kJ/mol
AH > 0: Phan wng thu nhiét



NHIET SINH

Nhiét sinh chuan hay nhiét tao thanh chuan hay enthalpy sinh chuan cia mét

hop chat 1a hiéu (rng nhiét cha phan ng tao thanh 1 mol chat dé, t&r cac don
chat &rng voi trang thai tw do bén virng nhat & diéu kién ti€u chuan 25°C, 1 atm.

C(r) than chi + O,(k) »> CO,(Kk) AH°s (CO,,k) = -393,51 kJ/mol
Si(r) + H,(k) — SiH, (K) AH°s (SiH, k) = +34,0 kJ/mol
H,(k) + Bry(I) - 2HBr(k) AH°s (HBr,k) = -72,8 kJ/mol
1/2H,(k) + 1/2Br,(I) - HBr(k) AH°s (HBr,k) = -36,4 kJ/mol

Br,(£) 0 HgS(s) red
Bry(g) 30.91 H(g)
C(diamond) 1.897 HBr(g)
C(graphite) 0 H,O(¢)
CHy(g) —74.81 H,0(g)
C;Hy(g) 52.26 NO(g)
CsHg(€) 49.03 Na(s)
C,H;OH(¢) —277.7 NaCl(s)
CO(g) —110.5 O1(g)

COs(g)

—393.5

SOx(g)



NHIET PHAN HUY

Nhiét phan hay cta mét hop chat 1a hiéu &ng nhiét cia phan &ng phan hay 1

mol chat dé thanh cac hop chat bén.

Nhiét phan hay cua nwéc
H,O(l) > H,(k) + 1/20,(k) AH°ph (H,0,l) = +285,84 kJ/mol

Nhiét sinh cua nwéc

H,(k) + 1/20,(k) — H,O(l) AHes (H,0,]) = —285,84 kJ/mol

AH°ph (H,0O,l) = -AH°s (H,0,l)




NHIET BDOT CHAY

Nhiét dét chay la hiéu wng nhiét ciia phan &ng dét chay 1 mol chat bang oxy dé

tao thanh san phdm chay bén & ap suat khéng doi

Nhiét dét chay cia methane:
CH,(K) + 20, — CO,(K) + H,0(l) AHoc (CH,,K) = ~890 kd/mol

Nhiét dét chay cla carbon:

C(r) + 20,(k) — CO,(Kk) AHe°c (C,r) =-393,51 kJ/mol
Nhiét sinh cua CO.,:
C(r) + 20,(k) — CO,(Kk) AH°s (CO,,k) = -393,51 kJ/mol

Nhiét phan hay cua CO,
CO,(k) > C(r) + 20,(k) AH°ph (CO,,k) = +393,51 kJ/mol

AH°c (C,r) = AH°s (CO,,k) = — AH°ph (CO,,k)




NHIET POT CHAY

Nhiét chay tidu chuan mdt so chat tai tai 298

Chat Caong thirc AH®;
Benzen CgHs(l)

Carbon C{r,thanchi)

Ethanol CzHsOH(l)

Ethyn (acetylen) CoHo(k)

Glucose Cgriy206(r)

Hydrogen Ha(K)

Methan CHalk)

Octan CsHis(l)



PINH LUAT HESS

Hiéu (rng nhiét cha qua trinh héa hoc chi phu thudc vao ban chat va trang thai

cda cac chat dau va san pham cudi, chir khdng phu thudc vao dwéng di cha quéa
trinh.

Ap dung dinh luat Hess dé xac dinh nhiét phan &ng:

Vidu:

C(than chi) + O,(k) - CO,(Kk) AH = -393,5 kJ/mol
CO(k) + 1/20,(k) — CO,(k) AH, = -283,0 kJ/mol
C(than chi) + 1/20, — CO(k) AH; = ?kJ/mol

AHP® = AHO, + AHO, + AHO, + ...
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PINH LUAT HESS

Nhiét dot chay cta glucose

CeH,04(dd) + 60,(k) — 6CO,(k) + 6H,0(l)
AH = -2816 kJ/mol

AH°c(C¢H,04,dd) = ?

Giatri nang lwong (kJ/g) =7?

Glycolysis
o Glucose
@ o/

Pyruvate
molecules

Transformation of pyruvate

into acetyl CoA

Krebs cycle

== Cytoplasm

Nhiét dét chay cua tristearin
2Cc,Hy1004(F) + 1630,(K) — 114CO,(K) +
110H,0(I)

AH = -75.520 kJ/mol

AHOC(CerH,, 0O r) = ?

Gia tri nang lwong (kJ/g) =7

-
e

== Mitochondrial
matrix

Oxidative phosphorylation

B
G
.
4—(""

HO =—2H" + O, + -8~

Electrons

removed

from glucose,

pyruvate, and Mitechondrial

acetyl CoA inner
membrane
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PINH LUAT HESS

Thanh phan va gia trj ning lwreng cliia mét sé thwe pha

Thanh phan Gia t
Carbohydrat Chat béo Protein |
Carbohydrat 100 — -
Chat béo - 100 -
Protein - - 100
Tao 13 0,5 0,4
Bia 1,2 - 0,3 f?
Banh mi 52 3 9
Phé mai 4 37 28 .
TrnPng 0,7 10 13
Banh kem bo 81 11 2
Pau xanh 7.0 - 1,9
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HE QUA CUA PINH LUAT HESS

Hé qua 1: Nhiét phan hay ctia mot hop chat cé gia tri tuyét doi diing bang nhiét sinh

cua hop chat dé6 nhwng ngwoc dau

Nhiét phan hay cuaa nwéc
H,O(l) > H,(k) + 1/20,(k) AH°ph (H,0,l) = +285,84 kJ/mol

Nhiét sinh ctia nwéc

H,(k) + 1/20,(k) — H,O(l) AHes (H,0,]) = -285,84 kJ/mol

AH°ph (H,O,l) = -AH°s (H,0,l)
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HE QUA CUA PINH LUAT HESS

Hé qua 2: Hiéu &ng nhiét ctia phan *ng héa hoc bang tdng nhiét sinh cta cac san

pham trir di tbng nhiét sinh cda cac tac chat.

AH°pw = YnAHCs san pham — XmAH®s tac chat

Vidu:

PCIL(r) + Cl(K) — PCI(r) AHopw = —131,2 kd/mol

Tinh nhiét sinh mol tiéu chuan caa PCl(r) biét nhiét sinh mol tiéu chuan cua
PCl;(r) = -607,2 kd/mol.
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HE QUA CUA PINH LUAT HESS

Hé quéa 3: Hiéu tng nhiét cia mdt phan &ng bang téng nhiét chay cua cac tac chat

trie tdng nhiét chay clia cac san pham

AH°pw = Y nAHCc tac chat — YmAH°c san pham

Vidu:

C(r) + O,(k) > CO,(k) AH°pw = -394 kJ/mol
CH,(k) + 20,(k) - CO, + 2H,0 AHepw = —890 kJ/mol
H,(k) + 1/20, - H,0 AH°%pw = -286 kJ/mol
Tinh AH° cua phan ng sau: C + 2H, - CH,
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HE QUA CUA PINH LUAT HESS

Hé qua 4: Hiéu (rng nhiét ctia phan rng bang tong nang lwong céac lién két bi dot

trir tong nang lwong lién két dwoce rap

AH°pw = Y nAH (dt tac chat) — YmAH (réap san pham)

Vidu:
Tinh AH°pw cua phan twwng C,H,(k) + H,(k) > C,Hg(k)

H-H AH H-H =435 kJ/i
C=C AH C=C = 598 kJ/
C-C AH C-C = 356 kJir
~ L ALl ™ L = A4d2 L 1)
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QUA TRINH TW DIEN BIEN

< Tai diéu kién xac dinh, qué trinh tw dién bién xay ra khi sdn pham bén hon tac
chat phan rng vé mat nhiét déng hoc.

< Qua trinh tw dién bién wu tién xay ra khi phan ng tda nhiét.

< Qua trinh tw dién bién wu tién xay ra khi sw dién bién lam tang sw phan tan nang
lwong va vat chét.

< Nhiét déng hoc gilp dw doan qué trinh tw dién bién nhwng khéng biét qué trinh

xay ra nhanh hay cham.

AN

Melting ‘ — ‘ Freezing >
Endothermic _ Excrt\i;rmic
Tw dién bién Tw dién bién
khit > 0°C khit <0°C
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QUA TRINH TW DIEN BIEN

Phan tan nang lwong

@
[ .. €
® »
> _ o »
- €
> &

Phan tan vat chat
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ENTROPY

< Entropy la ham nhiét déng, do lwdng mirc dd phan tan cta nang lwong va vat chat.
% Su phan tan nang lwgng cang Ién thi entropy cang Ié&n.
< Sy phan tan vat chat (mdc dd hédn don, mat trat tw) cang Ion thi entropy cang 1on.

s Ki hiéu: S. Bon vi: J/(mol-K)

ASCpw = YnS° san pham — Y mSe tac chét

Entropy phan t¥ tiéu chuan clia mét so chat & 298 K

Chat khi 8°, J/mol.K Chatléng  S° J/mol.K Chat ra
Ha(k) 130,6 H.0 (1) 69,9 Li(r)
N,(k) 191,5 CH3OH(I) 126.,8 Na(r)
0,(k) 205,0 CsHs(l) 172.8 K(r)

H,0(k) 188,8 Fe(r)
NHa(Kk) 192,5 FeCls(r
il S s S T 27T a8 MMAailfe
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ENTROPY

ASPpw = YnASC san pham — YmAS° tac chat

Vidu:

NoH, (1) + 2H,0,(1) = Ny(k) + 4H,0(K)

Tinh AS° cua phan ng.

S° (J/mol-K) cua N,H,(l) = 121,2; H,O,(I) = 109,6; N,(k) = 191,5; H,O(k) = 188,7
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DU DOAN SU THAY DOI ENTROPY CUA HE

< Sw thay déi pha

= S(r) < S(I) < S(k)

= Qua trinh néng chay, bbc hoi, thang hoa: AS(hé) > 0

= Qua trinh két tinh, ngwng tu, lang dong: AS(hé) < 0

s Entropy tang khi nhiét d6 tang

< Entropy cta chat khi tang khi thé tich tang

< Trén 1an cac chat khi hay hoa tan chat ran trong dung mdi 1am tang entropy:.

< S6 lwong phan tkr ting 1am tang entropy

< Tang sb lwong mol chat khi 1am tang entropy

< Hop chét co khéi lwong phan td Ién va cau tric phire tap hon thi entropy I1&n hon.

< Hop chét ion c6 lwc hat gitka cac ion 1én thi entropy nhé.
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DU DOAN SU THAY DOI ENTROPY CUA HE

Vi du: Sap xép theo th tw entropy tang dan
(a) Hg(l), Hg(r), Hg(k)

(b) C,Hg(k), CH,(K), C3Hg(K)

(c) HCI(k), HBr(k), HF(k), HI(k)

(d) CaS(r), KCI(r), Cao(r)

Vi du: Xac dinh swtang giam entropy cua hé
(a) H,O(I) - H,0(k)

(b) C,Hg(k) + 7/20,(k) — 3H,0(K) + 2CO,(K)

(€) 3C,H,(k) »>CeHq(l)

(d) CsH1,04(r) + 60,(k) > 6CO,(k) + 6H,0O(1)
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NGUYEN LY 2 NHIET PONG LUC HOC

= Entropy cla Vi tru tang doi véi qua trinh tw dién bién, AS,, > 0

= Entropy cuta vi try khéng thay déi doi véi qua trinh thuan nghich, AS,, = 0

AS, = ASps + AS,

ASmi= AH /T = — AH o/ T

AS,; = ASps — AH /T

~T AS,; = AHpe— T AS),,

—T AS,,= AG (nang lwong tw do Gibbs)

Nang lwong tw do Gibbs (AG) la dai lwong nhiét ddng dwoc dung dé dy doan

qué trinh hodc phan tng la tw dién bién hay khdng

AG = AH - TAS

‘ Quatrinh te dién bién khi AS,, > 0 hay AG < 0
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NGUYEN LY 2 NHIET PONG LUC HOC

AG =AH -TAS
AH  AS T AG  Két qud Vi dy
: o Cao, thap - Twdiénbien, T 2H,05(1) 2 2H,(
~ + Cao - Twdiénbién, T CaCQa,(r) »Cal
s - Thap = Tw dién bién, T Nao(k)+3Ha(k) =

Vi du: Phan tng N,(k) + 3H,(K) — 2NH,(K)
AHO (kJ/mol) cua NH;(k) = -46,1 kJ/mol

Se (J/mol-K) ciia N,(k) = 191,5: H,(k) = 130,6; NH,(k) = 192,3
a) Tai 25°C, phan (rng tw dién bién hay khéng?

b) Tai 200°C, phan trng tw dién bién hay khéng?
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NGUYEN LY 2 NHIET PONG LUC HOC

AG°pw = YnAG®, san pham — YmAG°, tac chéat

Vi du: Phan irng 4NH,(K) + 50,(k) - 4NO(K) + 6H,0(K)
Tinh AG°pw & 25°C.
AGO (kJ/mol) cia NH,(k) = -16,5; O,(k) = 0; NO(k) = 86,6; H,O(k) = —228,6.
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PHAN PNG THUAN NGHICH

Phan &ng thuan nghich la phan &ng hoéa hoc c6 thé xay ra theo ca hai chiéu.

Cac phan rng thuan nghich trong tw nhién

1) Phan &rng thuan nghich tao thach nhi

CaCO,(r) + H,O(l) + CO,(dd) 2 Ca2*(dd) + 2HCO,(dd)

2) Phan (rng can bang tao hé dém trong mau
CO, + H,0 2 HCO, + H*

3) Phan &rng thuan nghich gitra hemoglobin(Hb) va

oxygen trong mau

Hb + O, 2 HbO,

(a) CO, carried in RBC

(b) HCO, dissolved in
plasma as carbonic
acid

/ (c) CO, dissolved in

co, K . plasma

>
o
@
9

]

)

e
9

9 Red blood cell

1. Oxygen from
pulmonary alveolus

2. Oxygen bonded
to hemoglobin

3. Oxygen released
to cells



HANG SO CAN BANG

Can bang hoa hoc xay ra khi phan &ng thuan va phan ng nghich xay ra vai toc

dd bang nhau.

< Hang sé can bang biéu dién qua néng dé (K.)

Xétphan*ng: aA+bBz2cC+dD
ccpd
C _AaBb

Vi du: N,(K) + 3H,(K) 2 2NH,(K)
Hang s6 can bang K. dwoc biéu dién nhw sau:
o INHP?
=
[N, ][H,]?
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HANG SO CAN BANG

Can bang hoa hoc xay ra khi phan &ng thuan va phan ng nghich xay ra vai toc

dd bang nhau.

< Hang sé can bang biéu dién qua néng dé (K.)

Xétphan*ng: aA+bBz2cC+dD
ccpd
C _AaBb

Vi du: N,(K) + 3H,(K) 2 2NH,(K)
Hang s6 can bang K. dwoc biéu dién nhw sau:
o INHP?
=
[N, ][H,]?
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HANG SO CAN BANG
< Hang s6 can bang biéu dién qua 4p suat
Xét phan wng: N, (k) + 3H,(k) 2 2NH;(k)

[PnH<]
Ky, = 3
P Py, 1Py, 13

M®i lién hé gitra K, va K
o INHP?
AT A

Gia s cac khi la khi ly twéng:

PV =nRT

P/(RT) =n/V = [C]
[NH3] = Pyua/RT ; [Ny] = Pywa/RT ; [Hy] = Po/RT

_ INH;)? _ [Pyu/RTI*?  _ [Pyw,)’

Ke = INSTTH,T ~ (Pw RT] Pa/RTE Pl Pa

Kp = K¢ (RT)A"

Xét phan wng: aA+bB2cC+dD

An = (c +d) — (a+b)



HANG SO CAN BANG
< Can bang trong phan &ng di thé
1. CaCOg4(r) 2 CaOo(r) + CO,(k)

2. C(r) + H,O(k) 2 CO(Kk) + H,(k)
3. (NH,),CO4(r) 2 2NH;(k) + H,O(K) + CO,(k)

< Can bang xay ra trong dung dich

1. HNO,(dd) + H,O(l) 2 H,0* (dd) + NO,(dd)
2. NH4(dd) + H,O(l) 2 NH,*(dd) + OH-(dd)
3. PbCL,(r) 2 Pb2*(dd) + 2CI(dd)
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NGUYEN LY LE CHATELIER

Khi thay dbi cac yéu té anh huwdng ma tai dé6 can bang dang dwoc thiét 1ap, thi

can bang sé dich chuyén sang trang thai can bang méi véi xung huwédng lam giam
cac yéu to thay doi

« Tang ndng dd cia mot chat, can bang chuyén dich theo chiéu lam giam
nong do cta chat dé

« T&ng &p suat cha hé thi can bang chuyén dich theo chiéu lam gidm ap
suat clia hé

« Tang nhiét dd can bang chuyén dich theo chiéu thu nhiét

« Giam nhiét dd can bang chuyén dich theo chiéu tda nhiét

Cho phan &ng N,(k) + 3H,(k) 2 2NH;(k) +92kJ

Can bang chuyén dich theo chiéu thuan hay nghich khi thay déi cac yéu td sau:
a) Tang nong dd N,

b) Tang ap suat cha hé

c) Tang nhiét dé phan ng
31
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