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Question 1 [25 Marks] 

a) 	 Many gases show nearly ideal behaviour at room temperatures and low pressures. 
Using a sketch of either an isotherm or compressibility factor 'z' for a real gas and 
that of an ideal gas, briefly explain how they compare at high densities, moderate 
densities, and at low densities. [10] 

b) 	 A gaseous mixture in a 250 L container at 125°C contains 16.0g O2 and 3.0 g H2. 
Assuming ideal gas behaviour calculate: 
(i) 	 partial pressure of each gas [6] 

• 	 (ii) total pressure [4] 
(iii) 	 partial pressure of each gas after the mixture has reacted to form water. [5] 

2H2( g)+ 02(g) --» 2H20(g) 

Question 2 [25 MARKS} 

a) 	 Using examples and/or diagrams compare and contrast Anv Two of the following 
terms 
i) reversible and irreversible expansion [5] 
ii) path and state functions [5] 
iii) work and heat [5] 
iv) change in internal energy and change in enthalpy [5] 

b) 	 2 moles ofmethane occupies 12 L at 310 K. 
i) Derive an expression for reversible isothermal expansion. [5] 
ii) Calculate the work done when the gas expands isothermally against a 

constant external pressure of200 torr until its volume has tripled. [5] 
iii) Calculate the work that would be done if the same expansion in b(ii) 

occurred in a series ofequilibrium steps. [5] 

Question 3 [25 Marks] 

a) 	 Write short notes on Any Three of the following concepts: 
i) Statistical view ofentropy [5] 
ii) Clausius inequality [5] 
iii) Second law ofthermodynarnics [5] 
iv) Third law ofthermodynarnics [5] 

For each concept include the origin or a short derivation showing its origin, an example 
where applicable and the role or implication of each ofthe concepts in thermodynamics. 

b) 	 Find iJyH(} for the following reactions from standard enthalpies offormation: 

i) NH3(g) + HCI(g) --» NH4C1 [5] 

ii) Cyclopropane(g) ~ propene(g) [5] 



Question 4 [25 Marks] 

a) (i) Calculate the enthalpy offonnation ofN20s(g) from the following data: [9] 

2NO(g)+02(g)~2N02(g) LH/(J =-114.1kJmorJ 

4N02(g)+02(g)~2N205(g) LH/(J =-1l0.2kJmorJ 

N2(g) + °2(g) ~ 2NO(g) LH/(J =+180.5 kJmorJ 

(ii) 	 Using the enthalpy of fonnation of N20S(g) obtained from a(i) calculate 
the change in internal energy for the fonnation ofN20s(g) [6] 

b) 	 (i) Derive Kirrchoffs equation: [4] 

LH/r (T2 ) =LH/r (TJ ) + L1repL1T 

(ii) Predict the standard enthalpy ofreaction at 100°C for the reaction: [6] 
2N02(g) ~ N20 4(g) 

Refer to table and the data below: 

77.28 
37.20N02(g) 

Question 5 [25 Marks] 

a) 	 Calculate the change In entropies of the system, L1Ssys , the surroundings, 

L1Ssurr, and the total change in entropy, L1Stot" when a sample of nitrogen gas of 

mass 14 g at 298 K and 1.00 bar doubles its volume in: 

i) an isothennal reversible expansion [6] 

ii) an irreversible isothennal expansion against an external pressure of 0.5 bar. 


[4] 

b) 	 What would the change in entropy be if the gas in (a) was compressed to half its 
volume and siml,lltaneously heated to twice its initial temperature? [5] 

c) 	 If 50g water at 80°C is ~oured into 100g water at 10°C in an insulated vessel given 
that Cp,m=75.5 JK-1mor : Calculate: 
i) 	 final temperature ofthe mixture [4] 
ii) 	 the entropy change [6] 



Question 6 [25 Marks] 


a) Derive the integrated Gibbs-Helmholtz equation [5] 


from the fundamental thennodynamic equation dG =V dP - SdT 

b) Given the reaction: 
N 2 ( g)+3H2 ( g) ~ 2NH3 ( g) 

Calculate the change in Gibbs free energy .dGB 

i) at 298K [5] 
ii) at 500K [5] 
iii) Comment on the significance of the values obtained in (i) and (ii). [2] 

c) For the reaction in (b) Calculate 

(i) .d HB [3]r 

(ii) .dU [3] 


(ii). Maximum expansion work, .d A all at 298 [2] 
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83 
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Po 
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44.96 

37 38 39 40 41 42 43 .. 44 45 46 47 48 49 

I Rb Sr Y ·Zr Nb Mo Tc Ru RIl Pd Ag °Cd In 
85,47 87.62 88.91 91.22 91.22 95.94 98.9 IOU 102.9 106.4 107.9 112.4 114.8 

55 56 71 72 73 74 75 76 77 78 79 80 81 

Cs Da Lu Hf Ta W Re Os Ir Pt Au fIg TI 
32.9 137.3 174.9 178.5 180.9 183.8 186.2 190.2 192.2 195.1 196.9 200.6 ·204.4 

87 88 103 104 105 106 107 108 109 

Fr Ra Lr Unq Uop Unb· Uns Uno Uoe 
223 226.0 257 

Lanthanides 
57 

La 
138.9 

58 

Ce 
140.1 

59 

Pr 
140.9 

60 

Nd 
144.2 

61 . 

Pm 
146.9 

62 

Sm' 
150.9 

63 

Eu 
151.3 

64 

Gd 
157.3 

65 

Tb 
158.9 

66 

Dy 
162.5 

67 

flo 
164.9 

68 

Er 
167.3 

69 

Tm 
168.9 

70 

Yb 
173.0 

Actinides 
89 

Ac 
7170 

90 

. Tit 
132.0 

91 

Pa 
231.0 

92 

U 
238.0 

93 

Np 
237.1 

94 

Pu 
239.1 

95 

Am 
241.1 

96 

CU) 
247.1 

97 

BI{ 
249.1 

98 

Cf 
251.1 

99 

Es 
254.1 

100 

Fm 
257.1 

101 

Md 
258.1 

102 

No 
755 

'1 : 
I ,,. 

I:' 

.. 



Standard molar Gibbs free energy and molar entropy of formation at 298.15 K 

Mr oG,O,KJlmol SOIJ 1(-1 mol-I Mr 6G,O'KJ/moi Sfl/J K-l mor1 Mr oGrO/KJ/mol SOIJ K-1 marl 
organic compounds 

H20(9) 18.015 -228.57 188.83 03(9) 47.998 163.2 238.93 
H20(!) 18.015 -120.35 109.6 NO(g) 30.006 86.55 210.76 CH4{g) methane 16,043 -50.72 186.26 
HZ02(1) 34.015 -120.35 109.6 N02(9) 46.006 51,31 240.06 C2H2(!I) elhyne 26,038 209.20 200.94 

NH3(9} 17,031 -16.45 192.45 N204(9) 92.012 97,89 304.29 C2H4(9) ethene 28.05 68.15 219.56 
N2H4(1) 32,045 149.43 121.21 S()'2t9L 64.063 -300.19 248,22 C2H6(9) ethane 30,070 -32.82 229.60 
N3H(1) 43.028 327.3 140.6 H2S(9) 34.080 -33.56 205.79 C3H6 cyclopropane(gl 42,081 104.45 237.55 I 

N3H(g) 43.028 328,1 238,97 SF6(9) 146.054 -1105,3 291,82 C3Hs propene(g) 42.081 62.78 267.05 
HN03(1) 63.013 -80.71 155,60 HF{g) 20.006 -273.2 173.78 C4H'0 n-butane (g) 58.124 -17.03 310.23 

NHZOH(sJ 33.030 HCI{g) 36.461 -95.30 186.91 CSH12 n-pentane(g) 72.151 -8.20 348.40 
NH4CI(s) 53.492 -202.87 94.6 HCI(aQ} 36.461 -131.23 56.5 C6H12 cyclohexane (I) 84.163 26.8 
HgCI2(s) 271.50 -178.6 146.0 HBreg) 80.917 -53.45 198.70 C6H14 n-hexane (I) 86.178 204.3 
H2S04(1) ) 98.078 -690.00 156.90 Hleg) 127.912 1.70 206.59 CsHs benzene (I) 78.115 124.3 173.3 
H2S04(aq) 98.078 -744.53 20.1 C02(9) 44.010 -394.36 213,74 CsHs benzene (9) 78.115 129.72 269.31 
NaCI(s) 58.443 -384.14 72.13 COrg) 28.011 -137.17 197.67 C8H'8 n-octane{IJ 114.233 6.4 361.1 
NaOH(s) 39.997 -379.49 64.46 AL203(o: s 101.945 I -1582.3 50.92 C 1 aHa naphthalene (I) 128.175, 
KCI(s) 74.555 -409.14 82.59 5102 60.09 , -856.64 41.84 CH30H (g) 32.042 -161.96 239.81 
KBr(s) 119.011 -380,66 95.90 FeS(s) 87.91 -100.4 60.29 CH30H (I) 32,042 -166.27 126.8 
KI(s) 166.006 -324.89 106.32 FeS2(5) 119.975 -166.9 S2.93 CH3CHO (g) 44.051$ -128,86 250,3 

AgCI(s) 143.323 -109.79 96.2 CH3CH20H (I) 46.07 -174.78 160.7 
CH3COOH (I) 60.053 -389.9 159.8 

~) 4.003 0 126.15 Hg{g) 200.59 31.82 174.96 CH3COOC2HS (I) 88.107 -332.7 259.4 
Ar(g) 39.95 0 154.84 Hg(l) 200.59 0 76.02 CsHsOH (5) 94,114 -50.9 146.0 
H2(ol 2.016 0 130.684 Ag{g) 107.87 245.65 173.00 C6H5NH2 (I) 93.129 

N2Ca} 28,013 0 191.61 Ag(s) 107,87 0 42,55 CH2(NH21CO,H glycine (5 75.068 -373.4 103,5 

°2{!l) 31,999 0 205.138 Na(g) 370,95 76.76 153.71 CSH120S, n-D-glucose (5) 180,159 

03!9} 47.998 163.2 238.93 Na(5) 22.99 0 51,21 CSH220S, !3-D-glucose (5) 180,159 -910 212 

CIZCol 70.91 0 223,07 C12H22011 sucrose (s) 342.303 -1543 360.2 
Br2(o) 159,82 3.110 245.46 CH3CH(OH)COOH 90,079 

Br2C1l 159.82 0 152.23 lacllc acid (5) 

'2(al 253,81 19.33 260.69 

12(51 253.81 0 116.135 : 
I 

Source: American institute of Physics handbook, McGraw-HilI. 
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standard molar enthalpies of formation a129B.15 K Temperature dependence of heat capacities, Cp,m == a+bT+cr2 
.. "~"'"i.':~~ 

Mr IlHf 
9/KJlmoi IlHf 

9IKJlmolMr 
alJ ,,1mor1 bl10-3J ,,2mor1 cl1o!iJ Kmor1 

",!:!1Q(g) ."",." .. """"""_",,,,,,,,,,,,,,~,QJ~,,,.,.,,,,,,,.. ,,,,,,_,,,,,,3::t!.:!L,,"_.Q~,<gt."" __ ."",,,,_,,,,_...1!·998 ''''''''''_'''''''''''''._'!"14U_''''.''"."''''''''' _____G..!!.!!ti298-2~9~___-==;;;---"-------,;;-""-----. ----c=--
"J:hQtIL",.,.",,,,,,,,_,...,,,,,,,,__..1!l:.915_ .. ____"_:~,!l,~:,!l."__,,tl.2(gl.__"""".•""_,, 30.0Q!i___"""":+':~L,.,._"""."",,,,,,,,.......t!!J..~~.J5r, Xe _"'''_'''_____2IH8 0 __"___""",...J!.,,,__ 

...!:I?Q~(I)."",,,, __ ,,,,,,,,,,,_~~I.:Q.l?__ ,,,,,,,,,,,_,,~l'l.:..Il.,,,,,.,,,,,,,...l:!QiflgL""""""_",.""__4.!!:.IJ"Q!I___,,~.:L_,,,_,, .~______,27.28 3.26 0.50 

..!"tt~(g)."""_,,,_,..1r031 """"",_"_":11:!..:L_",_",,,t-:I.&.!(gt_,,,,,,,,,,,,,,,,,,,,___ ,,!~,QJ_2_"".__.~~~2_,,___,,_______--..2a,,""_'" 29.96 4.18 -1.67 

..""~,?~{I) ..,... " .....""",,,,,_,,,,,,.._~~:IJ.1.L_,,_,,.. ,,.,,,__""",+50:.!!.. " __.E"Q~{IlL"__""",,,,,,,,,,,,,,,_!!~,,:063 "___........:?,,9..E?,:,Il.__,,__"""',,.__,,____I':!J_,:__,,_ 28.58 3.77 -0.50 

...,,~!!:I(IJ ....... ,"".."''''''__''''''_''''''''~3.0?!L"''''''''''_''''''.'''''',,.,,~!i1:..L_ .. _li~§..<IIL_.___,,"'..."""'.~~.:Q.~!L_____ -20.6..___ , __"'_,,_" .. M.,. c..1.."___.",, 37.03 0.67 -2.85 

"""N.~.!:I,!II) ,..,."'.."".. _"".......i~_'1J~1'_""_""."_"_"..:.?94.1",__§f~(1lL....,, ..__,,.__..J"i~op~____-=.!~_9_.___" C02 44.23 8.79 -8.62 

......!:I.tl03(IL" ...."."""''' .._'''_~~.:Q!L.'''".,'''__''''"".....:!!.1~1__ HF(I1L""_,,____..,,_~Jl.00~_"""_'''.,.__-.:l!.1L__,, H...&. 30.54 10.29 0 

"J'::Illipl::t.{sL.." .., __",,,,,,,,,,,,, 33.0~Q"_"".. "._,,,:H,'!:.?. HCI(gL"""".•___._"!!6.46L.__"""...",,_...::.!I2.~_,,_._,,,,__,,___" NH, 29.75 25.10 -1.55 

_~,!:I,~£I1!;L .. _.."~__."""~~.:1!2."",,,,, ..,,,,.,,,, ... ,,,,_..:~,!~:.1,,_,,,.Ji9.!.(!!9L....."'__"..__.....2.I!.~~I?.L._..__""'_...:.,,!§L.L____"""__....._,,_._.........£!:!L 23.64 /17.86 -1.92 

_!!~..!~{!1"_,_"'...__""_~?"t~~_,, ..""'_"'._,,"",,_...:229.._,,"'_H-':l,f.(g}_____"".___~!l.917___. ..........2:.~~~__.__"'__________________________________ 

.".!!!~Q~(I}.. L,,,__ ,,_,,,,_~8.07,,~.____._,_,__-.1!.1.1,1!...__,,,,, HI(gL,,,_____,,_...,,,,J..E:~~_2_,,___!f.6.5 ____,____ 

_"!!~l>,Q~(!!gL"'."..".,,"' ____9!_..Q!!_.___,,.:!IIJ.!!,L_gQdIlL_______1,4.0!!'....__,~3,:,~.__ 

__fi~9!(~)__,___..",...""__,,_~!!:11L..__.._.._.--=.i!~,,,..Q9,,(gL_ .__""----1.~.011,_ _,,110.5...-. 

....~.~S?':'.(::>......__..._"....-2~~~~!__..."""__"'.:~2..~_.".~!:...()..1,,(4:lJ,II.L....._._"__~,~1.'!.."-S.,,.._._,,_"'~~~!._""_""'.... 

_~?1~~)..... ,." .......... """,_?~.:.5~."" ....... ,,_""'''.''''_:~,~,S.,:~,,__,,_~I02(~t_.._"'._,,____...~·08.5_...,,__...:,~.~,~,,_..."''',,'''''_ Standard 11]0lar ,enthalples of formation and combustion al 298.15 K. 

"..I5!3!is,i..._"'.____"'''' 119·q,~.~"""''''''''.'''_._...._,::~~1:,L'''"J.!!!!{!)______.!l1..:.91 -1().Q• .:.:.0=--_---c_. ____________________~-:-~-------~---
~~>...."....."""'__"'_,,___1,~.OO6 ""___ ".-:-.:.~~,,_:~2(S) 119.975 -1:8.2 Mr _"... _ ...._. 


Dlatomlcslg) 0 AgCI{s) 143.323 -127.1 CH4(g) 16.043 

"".._..._ ..""'.._.,, _.____"__,,_._...._,,..._,,',.___,,____._____,,__,,__..,,___,,_____. ____.~1(!1) 26.038 


....5.~~.~.~~p~e~"'?!..~u""~~..,~nd ~:".~.ror~!I?~..."~~~~Jlm?!,,at t~~ tr!r.!~n.!~n temperatu~':___.. _""." C2H4(9L.....__"'______-;;2:-;;8-;;;.OSc;;:4"'______---::;-;-;;;-;--___ 

30.070 

Tr/K Fusion- TblK EvaporationD C3H8 cyclopropane(g) 42.081 

C3H8 (propene(g) 42.081 

·~~·'-·-::::~..::..~~::==~::~~~;.~:::~=~==~·~~·"..f~!i==~:=~=8;~f==-~~:: ,,~,,~~-----""-~;~~~ ~::~~~::::) ~~:~!~ 
""H';""" ···-··""'········..··-"---"iiii6.. '''·'--'' ..o~fiT-'''''-'....---20.38'''---- 0.91"63----·---.. C8H~2 cyolohexane (I) 84.163 
"'-N; .. ·.. ···· ...... ""'-"·---""ii3.1S-" ..-"'..--0":719-----""""..··illS'-------s:iIss---"'-"-""--" 8.6.178 

C6H8benz~ 
CI2 ....··,,-"-..·--,...."'''''-1''72:12'' ..'''''---''-'''''''''6.406'''--.. ----239-:-05..--"----20.410--"" CsH18 n-octane (I) 114.233 

"'B;;·...... """'''.... -''..·~--'''''-265.90..'''-..''-'''''..''....--''l'O:573--""'--- ..--33i~35-"'-""--2ii.45-"'"""--"..----",,....'" C10He naphthalene (I) 128.175 

-~:-==~--:=~3;~~--~~--~iF--=i~---~- ~ 
=~~~·'''~=:~~:====~:::~:1~i;.,,''':,:'=~=-=~~;;!~=~~==·''~~~~-'-25.2ar"---"""-"""--- ~~:~~~~2~5 (I) 88.107 
..··H~O..····"'..-" .... """'.."---273:1lr.."···".."--""6.'ij08"·--'-"-373-:-15-"-'----"4O'6s-6~ii'1'6 a1298.15 1<) CaHsOH (s) ~--------'97.iI:-:.1""1-:"4--------,=-=----
"-NH;-"""""-""--"--195.40 ,,·..""---5.652--"----2'39:73"'-"'---23,35-1-----"'-- CeHsNH2 (I) 93.129 

....H;~i"--'-..~ .... --' ..""'--187.61---..-"'..-2TPi-"""'''·-·-..·-212:8'0'- ---18:"673 NH2CO.NH. urea(s) 60.056 
CH. ·····_--"" ...."'''....--'''''91:1:68-···'''..-''--'''(1:94'1' ..- -"--111.66------"'8.1if-------"-----".." CH2(NH2)C02H•glycine (s) 75.068 

""·C;H;·"'-""·'--·-·---"S9.85---"'.. '''''..''''-''''z:a6..--'- ..·'''-''''....-18-4~55'-''-..--14T--''----'-'--"--'- C8H120e. (l.-D-Illucose (s) 180.159 

C8H~"''''''-''''....''·-·-''·-''''''''''278.65--''..-'''''-1o]9-''''''---''"-35i'25 30.8 C;;~-:O:;lucose (s) 180.159 

"cH;6H""""".. -- .... ,' -175:25- '--"...... '-3.i'59"··-.. ""..--33i.22~=-,_,__35.2'7" ~7:99 at 298:151<) C12H2201.1!.~~,...l~.;;lIS)c......_____3_42_.3__0,_3____,__---c::=-:-~_ 
,"".."_._"",,,.......,,-,,-...._ .. _.,,-_ .....,.,-,,..,-....-..,.,-,,...._-,,-"--"-"''''''''' - CH3 (OH)COOH 90.079 


CH.. _-".._---_."._"--""'....."".,,._,.,.._."'.,,.."".•"".."'... _,.,,"',,--_..-. ,--,._._"'"..,,,,,_._"",,..." ..._.._"'_...._._-
I .. elie Acid hi) 

http:C;H;�"'-""�'--�-�---"S9.85
http:NH2CO.NH
http:NH;-"""""-""--"--195.40
http:a1298.15
http:33i~35-"'-""--2ii.45
http:a129B.15
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Standard molar Gibbs free energy and molar entropy 'of formation at 298.15 K 

H20(g) 
H20(1) 
H202(1) 
NH3(a) 
N2H4(1) 
N3H(I) 

'.J3H{g) 
HN03(1) 
NH20H(s) 
NH4CI(s) 
HgeI2!S).. 

H2S0 4(1) ) 
H2S04{aq) 
NaCl(s) 
NaOH{s) 
KCI(s) 
KBr(s) 
K1(sl 

He(g) 
Ar(g) 

H2(lll 
N2(a) 
02(1l} 
03(g) 
CI2(ct} 
Br2(a} 
Br2(J} 
12(a) 
12(sl 

Mt 

18.015 
18.015 
34.015 
17.031 
3Z.045 
43.028 
43.028 
63.01~ 

33.0:10 
53.492 
271.50 
98.078 
98.078 
58.443 
39.997 
74.555 
119.011 
166.006 

4.003 
39.95 
2.016 
28.013 
31.999 
47.998 
70.91 
159.82 
159.82 
253.81 
253.81 

bG,o/KJ/mol 

-228.57 
-120.35 
-120.35 
-16.45 
149.43 
327.3 
326.1 
-80.71 

-202.87 
-176.6 
-690.00 
-744.53 
-384.14 
-379.49 
-409.14 
-380.66 
-324.89 

0 
0 
0 
0 
0 
163.2 
0 
3.110 
0 
19.33 
0 

SOIJ w' rnor' 

188.83 
109.6 
109.6 
19Z.45 
121.21 
140.6 
238.97 
155.60 

94.S 
14S.0 
156.90 
20.1 
72.13 
64.46 
82.59 
95.90 
10S.32 

126.15 
154.84 
130.684 
191.61 
205.138 
238.93 
223.07 
245.46 
152.23 
260.69 
116.135 

03(9) 
1-10(9) 
N02(9) 
NZ04(9) 
S02(!:!) 
H2S(9) 
SF6(9) 
HF(g) 
HCI(gl 
HCI(aq) 
HBr(o) 
HI(g) 

C02(9) 
CO(g) 

AL203(a. 5 

SI02 
FeS(s) 
FeS2(s) 
AgCI(s) 

Hg(g) 

Hom 
Ag(g) 
Ages) 
Na(g) 
Ne(s) 

Mr 

47.998 
30.006 
46.006 
92.012 
64.063 
34.080 
146.054 
20.006 
36.461 
36.461 
80.917 
127.912 
44.010 
28.011 
101.945 
60.09 
87.91 
119.975 
143.323 

200.59 
200.59 
107.87 
107.87 
370.95 
22.99 

i\G,o/KJ/rnol 

163.2 
86.55 
51.31 
97.89 
-300.19 
-33.56 
-1105.3 
-273.2 
-95.30 
-131.23 
-53.45 
1.70 
-394.36 
-137.17 
-1582.3 
-856.64 
-100.4 
-166.9 
-109.79 

31.82 
0 
245.65 
0 
76.76 
0 

SOIJ K-l morl 

238.93 
210.76 
240.06 
304.29 
248.22 
205.79 
291.82 
173.78 
186.91 
56.5 
198.70 
206.59 
213.74 
197.67 
SO.92 
41.84 
60.29 
52.93 
96.2 

174.96 
76.02 
173.00 
42.55 
153.71 
51.21 

Mr JG,o/KJ/rnol SOIJ K- l mort 

organic compounds 

CH4(O) methane 16.043 ·50.72 186.26 
CZHZ(g) ethyne 26.038 209.20 200.94 
C2H4(9) ethene 28.05 68.15 219.56 
C,Hs(o) ethane 30.070 -32.8Z 229.60 
C3Hs cyclopropane(o) 42.081 104.45 237.55 
C3HS propene{g) 42.081 62.78 26'7.05 
C4H10 n-butane (g) 58.124 -17.03 310.23 
C5H12 n-penlane(g) 72.151 -8.20 348.40 
CsH1Z cyclohexane (I) 84.1S3 2S.8 
C6H14 n-hexane (I) 86.178 204.3 
CSHS benzene (I) 78.115 124.3 173.3 
CSH6 benzene (g) 78.115 129.72 269.31 
C8H18n~ctane{l) 114.233 6.4 361.' 
Cl0H8 naphthalene (I) 128.175 
CH30H (g) 32.042 -161.96 239.81 
CH30H (I) 32.042 -166.27 126.8 
CH3CHO (g) 44.054 -128.86 2SO.3 
CH3CHzOH (I) 46.07 -174.78 160.7 
CH3COOH (I) 60.053 -389.9 159.8 
CH3COOCZHS (I) 88.107 -332.7 259.4 
CSH50H (s) 94.114 -SO.9 146.0 
C6HsNHz(l) 93.129 
CHZ(NHZ)C02H glycine (s 75.068 -373.4 103.5 
CSH1Z0S. a-D..glucose (5) 180.159 
CSH2206. I3-D-glucose (s) 180.159 -910 212 
C1ZH22011 sucrose (5) 342.303 -1543 360.2 
CH3CH{OH)COOH 90.079 
lactic acId (s) 

! 
. I 

Source: American InsUlute or Physics handbook. McGraw-Hili. 
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Heat capacities at 25°C 	 F.P Depression, B.P. Elevation 

Cv•m Cp.," 

JK-I mol'l JK.I morl 

.J:I~J N,,~L~!?JS!1.2(e _........ _.... .!?-.4?.._.._____~ 20.7L 

_HL.......""_____,,_,,........ ,..._..............._..".."..._......~Q;_s.Q_...._...___~.~..L 


~~__......__.... _.___.._____""'?-J!~~L_ .....___.._....ll.14 
....£!t!;\....._ .._................................._ .. "..,,~~:..~.,,__ ............... 35.48 
"_G!i4__ .._ ....,.,., .._....... ,__".1?:~_...._,,_.,,,,__l5.74 _ 

Solvent 	 F.P Kr B.P Kb 
DC °C kg morl ("C,lOlkNm·1) ·Ckgmorl 

Water 	 0 1.86 100.0 0.52 
Benzene 	 5.51 5.10 80.1 2.60 
Acetic Acid 16.6 3.90 118.1 3.10 
Cyclohexan~ 

Camphor 
Nitrobenzene 
Ethanol 
Chloroform 

6.5 20.2 81.4 2.79 
177.7 40.0 205 
5.7 .._-- 
-177 

6.9 210.9 
78.5 

5.24 
1.22 

-64 	 61.3 3.63 


Third Law entropieS at 25°C, Small KI mor l 

Solids Liquids Gases 

l-I_ 130.6 
Br2 152.3 N2 192.1 

--,,---,,-----  O2 
f"1. 

205.1 
223.0 

.....,.c:c:..:............__. -__...."......_ ..............."__.............:__• __ • __."____....",,,,...___...=.;;-..__ ..__..._____ 70.0 
CO2 213.7 

31.9 155.6 HC':l 186.8 

,, ___ ~_ri...............'~._.........N~___ '~.__~•• ______.··._, 
H2S 205.6 
Nl-f. 192.5 

_~~__,,_,,____._.___.__!04.6 ___.._.__ CH)OH ( ·H.1.2:::.=6~.7_______='- ___ 186.1 
. Cu§.945l!lQ.__".._.____~Q5.4 __".""."".___.__ C~~,,_._...___ 4~~_ C2H6 229.4 
JigG.!L"__ .__""._._".. _.... __... 14.!....._ ..."._......._.___..",,,...._ CH)COOH",,___,,___.!.?_9,,8 CH3CHO 265.7 

Sucrose 360.2 ~12 ,__-=-2.::...98;:,:...2=--____ 


