3.3.6 matlasumaseumatlvesilfnsemsdumiilzinasaen

WA1IWUIAI0YN chemical change

CH,(g) + 20,(g) = CO,(g) +2H,0(1) AH_ =-890kJ
An_=Au_ + ApPV(gas)
AAA1 PV U049 condense phase MI1zpeNIn (Vgas >>V s phasc)

fSnmasnedi AH_=Au__ + (PAV+V Ap)
An_=Au_ + VAP
Ansailuufagauad AH,, =AU +VA[nRT)
AH,_ =AU_ +RTAN
An

gas - nproduct B nreactant

3 1 o = aaa w a =
g wdaeumatlvesfaseimsduavesnsaesd Tulnaduy
meldaanziliuasasi Tas it AU

-969.6 kJ mol' 1 T =298.15 K

o Y
fviuala

NH,CH,COOH(s) + 9/4 O,(g) =2 2CO,(g) + 5/2 H,0() + 1/2 N,(2)
i AH, =AU _ +RTAN,
An =@+12)—9/4=1/4

AH__=-969.6 kI mol + (1/4) * 8.314 x 10~ kJ K" mol'#298.15K

=-969.6 + 0.62 kJ mol™ =-969.0 kJ mol™




Table 1.5 S lard halpi ‘ | .
Substance A:H%(kJ mol=1)

Carbon, C(s, graphite) —394
Carbon monoxide, CO(g) —394
Citric acid, CcHg07(s) —1985
Ethanol, C;HsOH() —1368
Glucose, CeH1204(s) —2808
Glycine, CH,(NH,)COOH(s) —969
Hydrogen, Hz(g) —286
iso-Octane,* CgHqg(D —5461
Methane, CH4(g) —890
Methanol, CH30H(I) —726
Methylbenzene, CoHsCH3(l) —3910
Octane, CgHyg(D —5471
Propane, C5Hg(g) —2220
Pyruvic acid, CHz(CO)COOH(() —950
Sucrose, C12H7204;(5) —5645
Urea, CO(NHz)z(s) —632
*2,2,4-Trimethylpentane.

34 ﬂ’ﬂNi}ﬂﬂN%ﬂu (Heat capacity)

A711WANIN3OUVDIAT (heat capacity of substance, C) ADUTIBAIN
Yy  Aq Yo 4 o 9 ya aAd 2 o A
Founlvinuasyai Inlgamgimuau 1 K dufe

q
| | f_AT (3.20)
dmdumanlasunlasiieruiiazdos auminnuannuiouszily
c-4 (3.21)

dT

MUt sznInamiou wasnunelu uazaudna
q=AU + PAV

C d(AU + PAV) (3.22)

dT

y 4 s o ouU
anuganuiounlsuasasn |G, =(8TJ (3.23)
\

4 o 4 oH
AnugnuiounauaunIn C. (81’) (3.24)
P




AMuASouvea1sUsuIn 1 Tua (59n91 molar heat capacity of

substance 1311% C 1150 C
v,m p.m

910 eq 3.23 ANVIANNTOUVRIAITNUTUNATASN C, =(g$]

dU =C,dT

fdu = [c,dT
’ ! & e, dudaei
Uf_Ui:CV[Tf _-I-I] v
AU =C,AT =q,
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91N eq 3.24 ﬂﬁ1uﬂﬂﬁ1ui@uﬂlﬂﬂﬁ1iﬂﬂﬂuﬂuﬂﬂ‘ﬂ CP = —
oT ),

dH =C.dT

AH = [dH =[C,dT =C,[T,~T] &1 C, Wusneii;

AH =CAT =q,
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Statistical thermodynamics: microscopic view

()
ot ),

gas: monoatomics, linear and non-linear molecule
U=KE+PE ,KE=KE_ +KE +KE .
Modes of motion/degree of freedom (x,y,z)
1) translation=U_=KE ;DOF =3
2) rotation= U . =KE_, ;DOF=2 (linear) / 3 (non-linear)

3) vibration= U, =KE_+PE ;DOF=3N-5(linear) /3N-6(non-linear)

luinag motion; U= 12Nk, T =1/2 nRT  (equipartition theorem)

C, (monoatomics)=3/2 nR+0+0=3/2 nR
C, (linear) = 3/2 nR + 2/2 nR + (3N-5)nR = 5/2 nR + (3N-5) nR
C, (non-linear) = 3/2 nR + 3/2 nR + (3N-6)nR =3 nR + (3N-6) nR

14 ¢, My w lunszuaumseidau@n

\lliiﬁmsdwmmm%'au, q=0

@ ﬁ 1* law thermoy
& AU

U=gqtw W, =
~0tw =C,dT
AU =w T,
| Va‘g = I Cv dT
- =C,(T,-T)

q=0, AU=w, =C,AT

T>T, N30 (Tcol q 9 Thot) 9 adiabatic compression
T.<T, N30 (Thot 9 T, d) 9 adiabatic expansion




ANUFUNUSIZHNS V uaz T lunszurumsozi@enudn

WaTzUUVEAMUVDLAeUAN 1Y insulator container (53U TaRLAE

1I5u1a50990) V iy, T a9
w=C,dT=-PdV  r-------- VA RESYA R
CVdT :_LRdV 1/c
T v wio |11 _ (Vi ]
ndT | _wdv Ty
CV.[I.i ?__nRV‘ 7 i f

C, 1 T ARIn !
n— =-NRIn—
T, v,

C, h{-'ll—'j = ann(\\//ifJ

¢ Y . . . . {
Tone 3.5 M Ar 0.020 mol VENIAUVY reversible adiabatic expansion i
[~ a { a @
25°C 910 0.5L 114 1.0L %QW1QNWQNq%ﬂﬁﬁllm%ﬂu“ﬁmﬂEﬂ']ﬂﬂ']‘iﬂlﬁl']ﬂ@l’)
voume fvuald ¢, (An=12.48 JK " mol’

/N T =T

2

v o Cun _ (1248 K 'mol )
R (83145 JK'mol™)

T =(298K)x(0'5Lj = 188K
1.0L

w,, =C,AT = (0.020mol )(12.48JK "'mol *)(188K —298K)

=-271] ol

= 10




v o
3.7 AudiugsEHIe C uay C
3.7.1 anuaumely (internal pressure), L%
nnsanmanlasunlassgnhandanumely U uag U,

U,= U, +dU
U ihuilansuaes v uaz T (v wag T Wudwlsdsase Piiludulsan)
AIUU dU(V.T) = ouU av + ouU dT
8V 8T

du = (aujdv +C,dT
N ).

aU ~ 1 % . = o Y] 4
.= W Fen1 ANNAUAE 1Y (internal pressure) FITNNUD

T

T =< ~ 1
uﬁwﬂmumiwmﬂmaqa

) v o a aU
FINITUNLYANAAN 7. =|—1| =0
oV ).

372C,—C,

(30 H=U+PAV) =
ouU
TRREGTR du (v, T)=
&), wwo
du (GU
daT

GEe fm -

{ a= \1/(2\_;) ) o : dulseanFueansvenga (expansion coefficient)
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U (GUJ Tueunms azld
oT ).

)23 H
()93 )
3 % N

dmsuMagaund av =0 U M@ uilenduues v
c, c_p@g:p(mg/mj:m

vse |C.,-C,.=R ¢, >C, ~8314JK" mol
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3.7.3 9M51@IUANNYIANNSOU (Heat capacity ratio, Y)
. . =) . . =) . . =
Heat capacity ratio 139 adiabatic index 3® ratio of specific heat ¥i7®
A
isentropic expansion factor : Y 139 K C =
y Q’m Q/ _R
Y=Can'Cin Y>1wwe (C, >C )

Y=cC, +R/C, =1+R/C

v,m W

Piston(free)
Piston(lock)
= A\ j T =()

V AN [T’P P A ‘ q
(adiabatic
expansion)

w>0

o 14




< '
Heat capacity ratio U9LNETAN)

M e ap et G e sy e

Heat Capacity Ratio for various gases('12]
Temp. | Gas y Temp. Gas v Temp. | Gas y

—-181°C 1.597 200°C 1.398 20°C NO [1.400
—76°C 1.453) 400°C  Dry 1.393| 20°C |N20 1.310
20°C 1.410 |1000°C Air 1.365| —-181°C 1.470
100°C | H> [1.404 [2000°C 1.088| |15°C 2 1.404
400°C 1.387 |0°C 1.310] 20°C Clx 1.340
1000°C 1.358) [20°C 1.300] |—-115°C 1.410
2000°C 1.318 |100°C COz 1.281| —74°C |CH4 1.350
20°C He [1.660 [400°C 1.235] |20°C 1.320
20°C 1.330 [1000°C 1.195/ 15°C |NH3 1.310
100°C | H20 [1.324 |20°C CO 1.400 19°C Ne 1.640
200°C 1.310 |—-181°C 1.450| [19°C Xe 1.660
—180°C Ar 1.760 |-76°C 1.415 19°C Kr 1.680
20°C 1.670 20°C o 1.400 [15°C | SOz 1.290
0°C 1.403 |100°C 2 1399 360°C Hg 1.670
20°C 3?/ 1.400 [200°C 1.397| 15°C  |CoHg 1.220
100°C 1.401 |400°C 1.394/ |16°C |C3Hg1.130

. 15

ﬂ?ﬂﬂ?TﬂJﬁNﬁufigﬁ’jN T uaz V lunszuiumsoiaoan

1/c -1 4

V. (T )V P \nR

Y =1+R/C, =1+1/

l/e="7-1
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aT

dH(P,T) = (Z';j dP+(Z‘__||_j dT

oH oH (apj
T =[] [£] +c,
(GTJV (OPJT aT )y

] [ d‘ o Al 9 1 d'd
oenggn 1e ldsuaumsoyiusdos ldod lugUnlinnuvmenis
MIAIN 1T UAD

(5)-F3)

(apj _ (ov/eaT), «a
aT

| Al A Al aH
3.8 manlagunlaseumaililfsinasaan [
\%

L, (oV/oP), «

T

w17

A o Yy Y o ' s >
mmlaauﬁumiauwuﬁaaﬂmmu @1ﬁﬂﬂg§ﬂ1°ﬁ’t}’ﬂﬁlm®i (Euler s

. ) o [V 4 dou Ao a A
chain rule) dM5UMBYNUSHIAFUNTA W s e urilafe x, y uag
7 Fuiusgaiuaz iy 1iufe

REER

OX 1
naglondnyalmInduiAyaIU (reciprocal identity) (éyJ _(6y)

oxy ____ 1 :_(gszflz_az X
(83/1 (aij(az)y (521 (ij(ézjy

oz) \ ox OX
CP)Z_@VMWL:a
or ), (ev/oP), «

mmuald x=H,y=Puazz=T (GHJ —_[aTj (aH)
oP op ).\ ot

fimualdt x=P,y=Tuazz=Vv

= :—ﬂ

o),




mslasuutlaseuniailndsuiasaan
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Material properties
1(oV o A 9
K, = —\7 E Isothermal compressibility ¥30 AMNAINITO LUNIT
. :

gniudaneldan1izgumngiinei : a measure of the
relative volume change of a fluid or solid as a

response to a pressure change

a= (j expansion coefficient: the tendency of a matter to
P

change in volume in response to a change in

temperature.

oP

oT o s o
M= (j ﬁuﬂim‘wﬁmmga—mmu (Joule-Thomson coefficient) 19
H

=

Y g U a
3.4.2 ANNYANNIDUVUNUYUHHN

= [ U a
- Lﬂumaﬂuazwawmmaiuuﬂiwumuqquu

1) The enthalpy is always greater

Enthalpy, H
= than the internal energy of the
system, particularly at higher
Internal
energy, U temperature.

2) Such difference (AH— AU)

increases with temperature

Enthalpy and internal energy

AH =AU + PAV

Temperature, T

= 20

10



v Y
= (%

A =2 1q 1 A 1 Jd o =2 a a
C. 130 Cp ‘NuliJGl‘]SﬂWﬂ\‘lﬂL!@]LﬂuW\‘lﬂ UNUVUNVYUNYUUASTUAVDIATT

nnanuduiug AU =CAT
AU =C,AT

A 9 v J A Y
C. 1390 Cp "lmmmmwmmmwhzmn HusoUNUT

Cp is greater than C,,.

oH
5 Cp slope=C, = (a_rj
4] P
3 oU
ke ¢ dope=C,=| —
: Pe===ar ),
g
IS
2 H
< U
g
£
L0

Temperature, T

w21

- “lumsﬁmamﬂ?mm%’au mmmmmﬁamﬁmmﬂmiﬁmuﬂ CV

A ST A A 3 v 2 o Ay Y a
(P Cp Lﬂuﬂ]ﬂqvlulw&\?iaﬂu@ﬂ %Q@]ﬂ‘ﬂﬂllﬂ Tﬂﬂlﬂw1$ﬂ1%3\1@‘mﬁﬂvﬂ
A 1 = a A (4] a
LﬂaﬂulthN]ﬂ Llaz531]']_|3JWQ@]ﬂiimlﬁﬂﬂuﬂmﬂf@‘ﬂuﬂﬁ
4 ) 4
- AU NNITNAA DN WTﬂﬁﬂmQﬂgiﬁ)ﬂj1ﬁJﬂaiﬂlﬂaﬂuqq ﬁﬂﬁ’uﬁumigﬂ

o b v o a o A
ilives ¢ dailuilanduiugungil (Kirchhoff’s law) nan 18datl

C, =a+bT +£2
’ T

3 o a & g 9 Ay v 1
a, b uag ¢ Wuavduilszans sadludeyan ldnnminaaes 1o

U

C,.(CO); a=4422 , b=879x10°K', c= -8.62x 10°K’
Cpm(H20)§ a=7529 ,b=0,c=0

w22
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@019 3.4 waf . AH veamw N, 1 Tua e lduanufouild
ad £ o = o o v

gl 25 °C lililu 100 °C fvuald

C,.(N); a=2858 , b=3.77x10"K', ¢= -0.50 x 10°K’

B AH = [C, dT = [(a+bT +_I_—Cz)dT

T

AH =a[T[ +;b[T2]Ij —c[l]

1 1 1
AH =a(T,-T)+-b(T*-T*)-¢ ———
(2 1) 2 (2 l) ( j

2 1

AH = a(373— 298) + L b(373* —298") - c[l —1j
2 373 298
=75a+25162.5b+ 6.75 x 10¢

- -1
=2.205 kJ mol -

3.5 Kirchhoff s law
dH’® = Cj‘de
H(T,) 0 T, 0
Lm dH' = IT] Cp‘de
H () =H.(T)+[ C’ dT

iwenosanly AH® unu H®

0 _ 0 T 0
AH  (T,))=AH_(T)+ Ll AC’dT
ACOP : the difference of the molar heat capacities of products and reactants

under standard conditions weighted by the stoichimetric numbers in RXN

AC’= 3> mC’ - > nC’
product reactant

Y
Tunsal Ac® Tuauduguvai az1dn
p Q U

[ AC’dT =AC’[*dT =AC'(T,-T)

24
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Y H
@20814 3.5 AneuNatiasgIuveImsina lethigurgil 298K mnw
Y H
-241.82 kImol! w3f1unmAtoumMatlmasgIuvesmsina lotii
a o o ' 9 o 1 A [
QUMY 100 °C  TAsMmuAAIAINYANNTBUTUNIZAD IuaNANuAY
d' \ 1 dy
AINVDIA1TA 19 fio 1lil

a13 C’,, K" mol")
H,0(g) 33.58
H,(g) 28.84
eXEY 29.37
azAC® hivuiugamgil
g H,(2)+120,(g) — H,0(g)
AC: — C:,m(H209 g) - {C:,m(H 29 g) + %C:,m(oz’ g)}
=-9.94 J K" mol”
Kirchhoff’s law

AH;(T,) = AH[(T,) + [F AC'dT

4
Ac’ hiduiugungi

U

AH{(T,)=AH{(T)+AC (T, -T)
AH®(393) = AH®(298) + AC’ (393 — 298)

=—241.82+(-9.94)(75)

=-242.6 kJ mol’!

13



Thermocouple

Sample Reference

\ H

\ \

o ‘ Computer unit:
Control, Monitor,
Record

Heaters

o 27

3.3.7 Differential Scanning Calorimetry

A a & Aq Yo A A ' A =
- insoslenug N ldiamanlasulaseuniallizenin insewunaass
a d .
HINDT (calorimeter)
4 . . . . < 4 o
- 1A504 DSC (Differential Scanning Calorimetry) Wunsesilieda AH
% L] 4 [
VYOIA5AI0E19UATaNTIUAA (Blank sample) TunamTon nu Tag
Y
M 3151 (scan) gaungiinazi/onne (differentiate) 131198909
- a1 (sensitivity) ANvaziBoauaziing g
- Hannudeunlituse ldsulutehansdedralimsasunasi
AN1IZANUAUAIN

o 28
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-Scanning :M3AUNUEUHNYN ; T =T, + Ot (OL ADBATIMIINNGUHYI
Ks™h
. . =) = 1 A J 7 1
- Differential : 11/SoumauaNuLANA19 (T 159 qP) FEUINATAIDYN
@ 4
AUTITHLUAIN
_ 2
Thermocouple Hmpte™ dp ~ 9p
— qulnk +quample_ qulnk
_ sample
Sample Reference =9
\ \ if no physical and change changes
occurs:
L] L
q.=C AT
PP
Cp : the heat capacity of the
Heaters substance at constant pressure 29
6200 Isoperibol Calorimeter (Parr) Mettler Toledo DSC822¢

I 4 a 4 ao
-lilunsesiolnsgd asvdeununnluiewauideuas lulsenu
9
1 a J v (%
gaannssunatelsznn wu 115au waradn wedawes Jag 391
HARA A NAIUDINIT

30

& P
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Chemistry of gasoline
the antiknock properties of the fuel

CH,CH,CH,CH,CH,CH,CH, Heptane : 0 octane
CH, CH,

CH,CCH_CHCH
3‘ 2 3 Iso-octane : 100 octane

CH,
Octane number in gasoline: the percentage by volume of isooctane in a

reference fuel: 92% iso-octane + 8% heptane : octane rate of gasoline = 92
preflame reaction
msnﬁuﬁmanmu (Octane enhancers, octane additives)
- Tetraethyl lead (TEL): toxic
- Methyl-t-butyl ether (MTBE) : contamination in the drinking water
- Alcohol

Gasohol 95 = octane# of gasoline 91 + ethanol > 31

1 A Y d' di’ a @
ﬂWLSHVIWQTJV]GLGH‘luLiQQWBLWQQLLE]%‘WENQ”I‘Ll

specific enthalpy L81% enthalpy density

| Tahle 1.6 Thermochemical properties of some fuels

Specific Enthalpy
enthalpy/ density*/

Fuel Combustion equation AcH%/(kJ mol=1) (kd g=b (kd L=H)
Hydrogen 2 Hzlg) + 0z(g) — 2 H 0D —286 142 13
Methane CHalg) 4+ 2 02(g) — COz(a) + 2 H0) —890 55 40
Iso-Octane™ 2 CgHygll) + 25 0:(9) — 16 CO,(g) + 18 H;0() —5461 48 3.3 x 10%
Methanol 2 CH30H(D + 3 05(g) — 2 CO2(g) + 4 Hp0() —726 23 1.8 X 104

*At atmospheric pressures and room temperature.
¥2,2,4-Trimethylpentane.

specific enthalpy = AHrxn /M ; M = the molar mass

enthalpy density = Aern A% V_ = the molar volumn

m’

- 32
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341msm Ao C, &101n309 DSC
Midaliiisrenrninies DsC wzlaouliloglugilvesnnudou Fsaunsa
waaslugil ¢ vosasddndie Tagedodunis

AH = quample: Cpsample AT

C sample _ quample JAT

p 9 3 Y
M0 T=T,+ 0t Aumaiivgungiluudaziues1a
AT = ot
9
Y ol sample __ _ sample
Aatiy C ™= =/ Ot

;™" / t AvANuTouADIENA (heat flow) FaumAumas TfiTwn
& - =2 ady Yy A
1A709 DSC 1HB1MIALUNUIUDIUHMYUNABINT LA UTEUNTIN
5813 € 7 AT (05750091 Thermogram)
T
a1 AHmldnnaums  AH = [C.dT
T

Aa A v A dy A 9
NTUNITNITDUNNTN UUAD AH: wunlansu % 33

®

C_(kJ mol" K"

Example : DSC Thermogram

Protein Folding
—————————
>83°C
100
B
Adhesive and Sealant
m W e W w W A
o |
Temperature (°C}) T Glsss Trarmition Ip.'-c-l'gll.:g.;.-ll
Region Pro-nirs i e 1 Chingimsiaian
§ e 7Tl
l.-." "Wogiem Cus 11
Ta Aied

Tie g B g =

bd— X

3 il
Hed  Flesbs: Delor=anle Veoogs  Lobia Hepswe
Brite  Emsi Flow Ceiennemirg

=t b

17



