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Tables 4l-1, 41-2, and 41-3 list values of the enthalpy of formation, AHf", and enthalpy
of combustion, AHc®, of pure elements and compounds in their standard states at one
atmosphere pressure and 25°C in units of kilocalories per mole. Data on ‘“key”
substances, which play important roles in evaluating the data on other compounds,
are collected in Table 4l-1. Enthalpies of formation of elements and inorganic com-
pounds are given in Table 41-2. They are arranged in a standard order, based on the
order of elements in the periodic table. The organic compounds in Table 41-3 are
arranged first by standard order of the elements of which they are composed and then
by classes which have certain common molecular structural features or functional
groups. .

41-1. Sources of Data. All reported values were derived from published experi-
mental measurements, and most of the data were selected from the following com-
pilations: (1) Selected Values of Chemical Thermodynamic Properties: part 1, NBS
Tech. Note 270-1, 1965; part 2, NBS Tech. Note 270-2, 1966; (2) Selected Values of
Properties of Hydrocarbons and Related Compounds, Am. Petroleum Inst. Research
Proj. 44, Thermodynamics Research Center, Texas A&M University, College Sta-
tion, Texas (looseleaf data sheets, extant 1967); (3) Selected Values of Properties of
Chemical Compounds, Thermodyn. Research Center Data Proj., Texas A&M Uni-
versity, College Station, Texas (looseleaf data shcets, cxtant 1967).

These sources were supplemented by information in the files of the Thermody-
namics Research Center at Texas A&J University. Data in all three tables are
internally consistent, and, wherever necessary, original data have been converted to
the units and conventions listed below.

41-2. Symbols and Units

calorie the thermochemical calorie defined as equal to 4.184 joules (exactly)
mole a unit of mass equal to the formula (molecular) weight in grams, calculated
from the 1961 table of unified atomic weights based on carbon-12
standard state for condensed phases, the specified crystal or liquid form at one
atmosphere pressure; for gases, the hypothetical ideal gas at one atmosphere
pressure
gas
liquid
~crystal
~aqueous (water) solution :
enthalpy, H = U + PV, for a change from an initial to a final state,
AH = H(final) — H(initial), which is equal to the heat absorbed by
the system at constant pressure
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AHS

AHc®, gross

AHc®, net

the heat of formation of one mole of compound or element in its
standard state from the elements in-their reference states. {For an
organic oxygen compound this corresponds to the chemical reaction,
aC(graphite) + 3bH(gas) + $cO.(gas) — C.H,O.(standard state).
Reference states for elements are identified by a zero enthalpy of
formation in the tables.]

the heat of combustion of a compound with excess oxygen gas to
produce pure, thermodynamically stable products at 25°C and one
atmosphere, with all components in their standard states. [The
products of combustion are: CO.(gas), H,O(liquid), HF(gas), "
Cly(gas), Bra(liquid), Is(crystal), H;SO4(liquid), and N.(gas), as
appropriate for the stoichiometry of the combustion reaction.]

the heat of combustion of a compound with excess oxygeén to pro-
duce the following products: CO:(gas), H,O(gas), HF (gas), Clz(gas),
Bra(gas), I.(gas), SO.(gas), and Na(gas). (These are the principal
products formed when a compound is burned-in an open flame in
the air.) o

41-3. Uncertainties. The number of significant figures used in reporting a value
of AHf® or AHc® is related to the estimated uncertainty according to the following

scheme.

Estimated uncertainty in

AHf® or AHc®, keal mole™? Value written to
0.005-0.05 0.001
0.05-0.5 0.01
0.5-2 0.1

2-10 1.
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TaBLE 41-1. HEATs oF ForMaTION AND HEATS OoF CoMBUsTION OF Kry CoMPOUNDS

keal mole™! at 25°C
_ Formula Mol
Substance name and “:ei l;t —AHc®
state g
AHf°
Gross Net
Water.........cccvevinn. H.0,2 18.015 —57.796
HO0,1 | ....... —68.315
Hydrogen fluoride......... HF,g 20.006 —~64.8
HF1 | ....... 71.65
in o HoO.....ovivenat. HF,aq | ....... —79.54
Hydrogen chloride......... HCl,g 36.461 —22.062 12.096 6.836
in o HO............ HCllaqg | ....... -39.952
Hydrogen bromide........ HBr,g 80.917 —8.70 25.46 16.50
in o HiO.............. HBr,aq | ....... —29.05
Hydrogen Iodide.......... HIl,g 127.912 6.33 40.49 27.77
Sulfur dioxide............. SO.g 64.063 —70.944
SO.1 | ... —76.6
Sulfuric acid.............. H.8041 98 078 | —194. 548
inew HO.............. HQSO4,aq ....... —217.32
in 116 HO0............. H.SOs5aq | ....... —-212.192
Orthophosphoric acid......| H;POs,e 97.995 | —305.7
CH,POLL | | —302.8
in e HiO..ooovvvvaa s i HiPOgsag | ....... i —307.92
Carbon dioxide...........I CO.g 44.010 —94.051
Butanedioic acid (suecinic | CsHsOug 118.090 | —196.8 384.35 352.7
acid) CiHeOgye | «...... —224.86 356.29 324.73
Benzoic acid.............. | C7HeOog 122.125 —-70.19 793.11 761.55
| C:HOse | oo, —92.04 771.26 | 739.70
Carbon tetrafluoride (tetra- |
fluoromethane)........ ! CFug 8%.005 | —221 .
p-Fluorobenzoic acid. ... .. i CsH;s0:F,c 140.115 | —139.56 720.22 699.19
a,a,a-Trifluoro-m-toluic |
acid.......... ... ... | CsH:0.Fs,c | 190.123 | —253.68 761.44 750.92
Carbon disulfide.......... ! CSqg 76.139 21.44 ..., 263.99
[ G 7 i 28,056 | ........ 257 .38
Thianthrene (diphenylene | i
disulfide).............; Ci1:HsSsc 216.326 | 43.12 | 1,697.46 | 1,544.80
N-Benzoylaminoethanoic !
acid (hippuric acid)...! CgH¢O3N,e | 179.177 | —145.49 | 1,008.39 961.05
Boric oxide............... B:0;,c 69.620 | —304.20
amorphous............. B:Os,e | ... —200.84
Boron trifluoride BFs,g 67.806 ; —271.03
Silicon dioxide
quartz................. SiOs,c 60.085 | —217.72
cristobalite,............ SiOse | ... ... —217.37
tridymite............... SiOse | ... .. —217.27
amorphous............. SiOzec | ... .. —215.95
Silicon tetrafluoride........ SiFi,g 104.080 ;| —385.98
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TapLe 41-2. HEaTs oF ForMATION OF ELEMENTS AND IxorcaNic COMPOUNDS

AHf®, keal mole™! at 26°C
Substance Mol.
name Formula weight
Gas Liquid Solid
Oxygen and Hydrogen
OXFEON. . oeeev s 02 31.999 0.0
OZONE. + v v eeteeieeae s (02 47.998 34.1
Hydrogen................ H. 2.016 0.0
Hydrogen peroxide........| H:O2 34.016 1 ........ —44 .88
Halogens
Fluorine. ..o.veeeeonennns . 37.997 0.0
Chlorine. .....vvvvnvenn.. Cl: 70.906 0.0
Chlorine monoxide........ Cl10 51.452 24.36
Chlorine dioxide.......... ClO: 67.452 24.5
Dichlorine monoxide...... Cl1,0 86.905 19.2
Perchloric acid. . ......... HCI104 100.459 | ........ —-9.70
Chlorine monofluoride. . ... CIF 54.451 —11.92
Chlorine trifiuoride........| ClIs 92 .448 —38.0 —44.3
Bromine.......coceeiunnn Bre 159.818 7.39 0.0
Bromine monoxide........ BrO 05.908 30.06
Bromine dioxide. ......... BrO: 111,908 | ... | oo 11.8
Bromine trifluoride....... BrEs 136.904 | ........ —-71.9
Bromine pentafluoride.....| BrFs 174.901 | —102.5 —-109.6
Bromine chloride. . ....... BrCl 115.362 3.50
Todine.........iviians I. 253.809 14.92 | ..., 0.0
Todi¢c acid......... e HI1O0s; 175.911 1 oo e | i —55.0
Iodine monofluoride....... IF 145.903 —2.10
lodine pentafluoride....... IFs 221.896 | ~196.58 | —206.7
Todine heptafluoride....... IF, 259.893 | —225.6
Iodine monochloride....... IC1 162.357 4.25 -5.71 —-8.4
Iodine trichloride......... ICl;s 233.263 | vevininn | oaeiaaans —21.4
Iodine monobhromide. ... .. IBr 206.813 9.760 | c.ievenn —-2.5
Sulfur
|

SUHUr. .o S 32.064 66.64

Y17 T O T EE RN BT 0.0

B T S 1T I B o IR AR 0.08
Sulfur. .o oo i vt Se 64 128 30.68
Sulfur. .....cviiiiiiies Ss 96.192 31.7
Sulfur trioxide............ S03 80.062 —04.58 | —105.41 | —108.63
Hydrogen sulfide.......... H:S 34.080 —4.93
Sulfur tetrafluoride........ ST, 108.058 | —185.2
Sulfur hexafluoride........ SFs 146.054 | —289. .
Disulfur dichloride........ S.Cl. 135.034 —4.4 —14.2
Thionyl chloride.......... SOCl. 118.969 -50.8 —58.7
Sulfuryl chloride.......... SO:Cl. 134.969 - 87.0 —04.2
Thionyl bromide.......... SOBr: 207.881 -17.7

Nitrogen

Nitrogen...........covu.s Ns 28.013 0.0
Nitric oxide. . ............ NO 30.006 21.57
Nitrogen dioxide.......... "NO: 46.006 7.93




4-320

HEAT

TaBLE 41-2. HEATS OF FORMATION OF ELEMENTS AND
INorgaNIc CompoUNDs (Continued)

0 —1 (e}
Substance F Mol. A,Hf » keal mole™ at 25°C
ormula -eight
name welg Gas | Liquid Solid
Nitrogen (Cont.)
Nitrous oxide............. N-:0 44.013 19.61
Nitrogen trioxide......... N.0; 76.012 20.01 12.02
Nitrogen tetroxide........ N:04 29.011 2.19 —4.66
Nitrogen pentoxide........ N:0s 108.010 2.7 | ool —-10.3
Ammonia................ NH; 17.031 —11.02
Hydrazine. .............. N.H, 32.045 22.80 12.10
Hydrogen azide........... HN: 43.028 70.3 63.1
Nitrous acid.............. HNO. 47.014 —-19.0
Nitricacid............... HNO; 63.013 —32.28 —41.01
Hydroxylamine........... NH.:0H 33.030 | ........ | ... PR -27.3
Ammonium hydroxide..... NH.OH 35.046 | ........ —86.33
Ammonium nitrate........ NH:NO; 80.044 | ........ | .. ..., —87.37
Nitrogen trifluoride. ...... NH; 71.002 —29.8
Nitrosyl fluoride.......... NOF 49,005 -15.9
Ammonium fluoride....... NH.F 37.037 | ... o b e -110.89
Nitrogen trichloride. ... ... NCls 120.366 | ........ 55
Nitrosyl chloride.......... NOCI1 65.459 12.36
Ammonium chloride....... NH.Cl 53.492 | ... el —75.15
Hydrazine hydrochloride...| N:H;Cl 68.506 | ........ | .. ... —47.0
Ammonium perchlorate....| NH;ClO; 117489 ) ... 0 oo —70.58
Nitrosyl bromide.......... NOBr 109.9156 19.64
Ammonium bromide. .. ... NH.Br 94.924 | ... v, —64.73
Ammonium iodide. ....... NH.I 144.943 | ... ..o oL —48.14
Ammonium hydrogen
sulfide............... NH.HS 153 0 B 5 O -37.35
Sulfamic acid............. H:;NSO;H 97.093 | ... ) oo i —161.3
Sulfamide................ SO (NH.): 96.108 | ... ... | oo i —129.3
Ammonium hydrogen
sulfate............... NHHSO, 115,108 | ..oovvin | v, —245.45
Ammonium sulfate........ (NH.) 804 132,139 | oo b o —282.23
Phosphorus

Phosphorus

a, white. .............. P 30,974 | oo o, 0.0

triclinie, red......o o o0 o oo o —4.2

black...........ooo o o o \ —-9.4

amorphous, red.........f L. iiiiii i | e e | —1.8
Phosphorus............... P, 61.948 34.5
Phosphorus....... U Py 123.895 14.08
Phosphorus trioxide. . .. ... P4Os 219.892 | ... ... ] oae —392.0
Phosphorus pentoxide. .. . . PO, 283.889 | ..o | e, | —713.2
Phosphine................ PH; 33.998 1.3
Metaphosphoric acid. ..... HPO; 79.980 | ... .. ] o —226.7
Pyrophosphoric acid....... H.P.0O; 177.975 |V ... o0 o, —535.6
Phosphorus trifluoride. . . . . PF: 87 969 | —219.6
Phosphorus pentafluoride. .| PF; 125.966 | —381.4
Phosphorus oxyfluoride. .. .| POF; 103.968 | —289.5
Phosphorus trichloride... .. PCls 137.333 | ........ —76.4
Phosphorus pentachloride. .| PCl;s 208.239 —89.6 | ........ —106.0
Phosphorus oxychloride....| POCI; 163.332 | ........ —142.7
Phosphorus tribromide. . . .| PBr; 270.701 —33.3 —44,
Phosphorus pentabromide. .| PBr;s 430.494 | ... oL —64.5
Phosphorus oxybromide. . .| POBr; 286.700 | ...oiiiie e —109.6
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AH/f°, keal mole™! at 25°C

Gas | Liquid Solid
Phosphorus (Cont.)
Phosphorus triiodide. . .. .. Pis 411.687 | covvii | e l} —10.9
Ammonium dihydrogen |
phosphate. .......... NHH.PO: 115,026 | vvvenene b cvininn —345.94
Ammonium hydrogen
phosphate............ (NH)HPOy | 132,057 | ..oovvvi | onoenenen —347.50
Ammonium phosphate..... (NH,):POs 149.087 | vovvvvne | veennnns —399.6
Boron
| | |
BOTON. .t vit e B i 10.811 | coovvve b 0.0
AMOTPROUS. « v v ve e e | ‘ ................ 0.9
Diborane. ...........o..v B.Hs \ 27.670 8.5
Boric acid. ...t HsBOs 61.833 | ... ... | oo —261.55
Boron trichloride..........| BCls | 117.170 —96.50 | —102.1
i
Silicon
SiliCON. v i 81 | 28,086 | L.l e 0.0
amorphous. .. .......... T e IR R T ER RIS BRI 1.0
SHlICON. + v ee e e e I Si. | 56.172 142
Silicon monoxide.......... ! 810 44,085 —23.8
Silane. ... .o SiH, 32.118 8.2
Disilane. ....coovveivvune-s Si.Hs 62.220 19.2
Metasilic acid. . .......... H-Si03 78,100 | «vvvvven v —284.1
Orthosilic acid...... ... H.Si0: 96.116 | .. v | v —354.0
Silicon tetrachloride....... SiCly 169.898 | —157.03 | —164.2
Silicon tetrabromide....... SiBrs ©347.722 -99.3 —109.3
Silicon tetraiodide......... Sil4 1535.704 1 .o oo b oveeiann —45.3
Tetramethylsilane......... Si(CHs)s 88 226 | — 57.15 — 63
Hexamethyldisiloxane. . ... [(CHy):Si):0 | 162.382 | — 185.88 | —194.8
i \
i |
Beryvllium, Sodium, Potassium
Beryllium..........c.oonn Be i 9.012 ‘ 78.0 | ... : 0.0
Beryllium oxide........... BeO | 25.012 30.2 | oo ' —145.0
Beryllium fluoride......... BeF: | 47.009 | —186.1 | .. ... —9245.3
Beryllium chloride. ... .... BeCl: | 79.018 | —85.7 | ........ —117.2
Sodium.....covvvernnenns Na 22,990 25.9 | ..., 0.0
Sodium oxide............. Na:0 61979 | vvvvvnen | vunnnnns —99.4
Sodium hydride........... NaH 23,998 29.88 | ........ -13.7
Sodium hydroxide......... NaOH | 839.997 | «oviiian e —-101.72
Sodium fluoride...........| NaF I 41.988 -70.1 | ...l —136.6
Sodium chloride. .. .. .. ... NaCl \ 58.443 1 —43.7 | ... —908.5
Sodium carbonate.........; Na:COs 1 105,989 | .ot | ieeiee —269.8
' Sodium formate. .. .......| NaCHO» | 68.008 | ..ooovun }oeeeee —155.03
Sodium acetate........... | NaC:H:Op | 82,035 | coooviio | ooeennn —169.8
Potassitm. ...........o.-- L K | 39.102 D 0.0
Potassium oxide.......... " K0 04.203 | ... ... o b —86.4
Potassium hydride........ | KH 40.110 30.0 ‘ ........ —~15.6
Potassium hydroxide. .. ... | KOH 56,109 | Lo e —101.52
Potassium fluoride. . ... ... i KF r 58,100 —78.2 1 ... —134.4
Potassium chloride........ | KCl1 ' 74.555 | —51.6 ‘ -------- \ —104.1
‘ i
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TaBLE 41-3. HeEaTs oF FORMATION AND HEATS oF

CoMBUSTION oF COoMPOUNDS OF CARBON

Kcal mole™! at 25°C
Formula
Substance name and vﬁeli(;ht —AHc®
state AHf
Gross Net
Carbon and Carbon-Oxygen
Carbon..................... C.g 12.011 171.29 265.34 265.34
graphite................... Ce | ....... 0.0 94.05 94.05
diamond.................. Ce 1., 0.45 94.50 94.50
Carbon..................... Cog 24.021 199.03 387.13 387.13
Carbon monoxide. ........... CO.g 28 .011 —26.42 67.64 67.64
Carbon suboxide............. C30q,g 68.032 —22.20 259.95 259.95
. (OFY0 7 S —28.03 254,12 254.12
Carbon-Hydrogen, Alkanes
Methane.................... CHs.g 16.043 —17.88 212.80 191.76
Ethane..................... C:Hs,g 39.070 —20.23 372.82 341.26
Propane CsHsg 44.097 —24.81 530.60 488.52
CsHsl | ... .. —28.69 526.72 484 .64
n-Butane.................... C:Hiog 58.124 - 30. 687.64 635.04
CsHiol | ... .. —35.31 682.47 629.87
2-Methylpropane (isobutane)..| CsHio g 58.124 —32. 685.64 633.04
C:Hwd ..., —36.88 680.89 628.30
n-Pentane................... C:Hio.g 72.151 —34.98 845.16 782.05
CsHial o oL, —41. 838.78 775.66
2-Methylbutane (isopentane)..| Cs;His,g 72.151 —36.90 843.24 780.13
(OFF 5 73 N I —42.92 837.22 774.11
2,2-Dimethylpropane (neopen- | C;His,g 72.151 —39. 840.49 777.38
tane) CsHiol | oL —45.00 835.14 772.03
n-Hexane................... CsHisg 86.178 -39, 1,002.59 928.95
(OF) = SV S S, —47. 995.01 921.38
2-Methylpentane............. CeHig,g 86.178 —41. 1,000.89 927.26
(67 > T L B —48. 903.71 020.08
3-Methylpentane.............| CsHisg 86.178 —40. 1,001.52 927.89
CeHis,l | ... —48. 994.25 920.62
2,2-Dimethylbutane.......... CsHisg 86.178 —44, 998.19 924 .56
CeHial RN —560.99 991.52 917.89
2,3-Dimethylbutane.......... CeHis,g 86.178 —42.46 | 1,000.06 926.42
CeHusl | ..., —49.46 993.05 919.42
n-Heptane.................. C:Hieg 100.206 —44.85 | 1,160.02 | 1,075.87
CHisl | ..., —53. 1,151.27 | 1,067.12
2-Methylhexane.............. CiHieg 100.206 —46.57 | 1,158.31 | 1,074.16
(072 5 ST S R —54.91 | 1,149.97 | 1,065.82
3-Methylhexane.............. C:His,g 100.206 —45.92 | 1,158.96 | 1,074.80
’ L6735 ST L T —54.32 | 1,150.55 | 1,066.40
3-Ethylpentane.............. CiHis,g 100.206 —45.29 | 1,159.59 | 1,075.44
CiHis b | ... —53.75 | 1,151.13 | 1,066.98
2,2-Dimethylpentane......... C:Hisg 100.206 —49.25 | 1,155.63 | 1,071.48
073 = ST S A —57.03 | 1,147.85 | 1,063.70
2,3-Dimethylpentane......... CrHisg 100.206 —46.78 | 1,158.10 | 1,073.95
CHwel | ....... —55.79 | 1,149.09 | 1,064.94
2,4-Dimethylpentane. . ....... CiHie,g 100.206 —48.26 | 1,156.62 | 1,072.47
CiHiell | ....... —56. 1,148.73 | 1,064.58
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TasLe 41-3. Hears oF FORMATION AND HEATS OF
CompusTION OF COMPOUNDS OF CarBoN (Continued)

Kecal mole™! at 25°C

Formula Mol
Substance name and vc;ei };t —AH
state g
AHS
Gross Net
Carbon-Hydrogen, Alkanes (Cont.)
3,3-Dimethylpentane......... C:Hieg 100.206 | —48.12 | 1,1566.75 | 1,072.60
(0F7 = ST W EESPNN —56.05 | 1,148.83 | 1,064.68
2,2,3-Trimethylbutane........ C:Hieg 100.206 —48.92 | 1,155.96 | 1,071.81
CHiel ] cerennn —56.61 | 1,148.27 | 1,064.12
-OCtANE. c v v e CsHis.g 114.233 —49.79 | 1,317.45 | 1,222.78
CsHisl | cvvennn —59.71 | 1,307.53 | 1,212.86
92-Methylheptane. ............ CsHis,g 114.233 —~51.47 {1,315.77 | 1,221.10
CsHisl | oovnntn —60.96 | 1,306.28 | 1,211.61
3-Methylheptane......c.covne CsHisg 114.233 —~50.80 | 1,316.45 | 1,221.78
CsHisl | oot —-60.32 | 1,306.92 | 1,212.25
4-.\Iethylheptane ............. CsHis,g 114.233 —~50.66 | 1,316.58 | 1,221.91
CsHis,d | vt —-60.15 | 1,307.09 | 1,212.42
3-Ethylhexane..............- CsHisg 114.233 —50.37 | 1,316.87 | 1,222.20
CsHis, b | covevnn —59.85 | 1,307.39 | 1,212.72
2,2-Dimethy1hexane .......... CsHisg 114.233 —-53.68 | 1,313.56 | 1,218.89
CsHisd | cvcvenn —62.60 | 1,304.64 | 1,209.97
2,3-Dimethylhexane.......... CsHis,g 114.233 —51.10 | 1,316.14 | 1,221.47
(0735 ST U EEN, —60.38 | 1,306.86 | 1,212.19
2,4-Dimethylhexane.......... CsHis,g 114.233 —52.41 | 1,314.83 | 1,220.16
CsHis,l | coeenn —61.44 | 1,305.80 | 1,211.13
2,5-Dimethy1hexane .......... CsHis,g 114.233 —53.19 | 1,314.06 | 1,219.38
CsHisl | -0l —-62.24 {1,305.00 | 1,210.33
3,3-Dimethylhexane.......... CsHis,g 114.233 —~-52.58 |1,314.66 | 1,219.99
CsHisd ] «ovven —61.56 |1,305.68 | 1,211.01
3,4-Dimethylhexane.......... CsHisg 114.233 —~50.88 {1,316.36 | 1,221.69
Cellissd ] coveenn —680.20 | 1,307.04 | 1,212.37
2-Methyl-3-ethylpentane...... CsHisg 114,233 —50.45 1 1,316.79 | 1,222.12
CsHis,d L oo —59.66 | 1,307.58 | 1,212.91
3-Methyl-3-ethylpentane...... CsHisg 114.233 —51.36 | 1,315.88 | 1,221.21
CsHisd ]« —60.44 | 1,306.80 | 1,212.13
2,2,3-Trimethylpentane....... CsHis,g 114.233 —52.58 | 1,314.66 | 1,219.99
CsHisl = | veenitn —61.41 |1,305.83 | 1,211.16
9,2,4-Trimethylpentane....... CsHis,g 114.233 —53.55 | 1,313.69 | 1,219.02
CsHis,d ] eeveeen —061.95 | 1,305.29 | 1,210.62
2,3,3-Trimethylpentane....... CsHis,g 114.233 ~51.70 | 1,315.54 | 1,220.87
CsHis, b | oot —60.60 | 1,306.64 | 1,211.97
2,3,4-Trimethylpentane....... CsHisg 114.233 —51.94 | 1,315.30 { 1,220.63
CsHis,l | ccevevs —60.96 | 1,306.28 | 1,211.61
2,2,3,3-Tetramethylbutane. ... CsHis,g 114.233 —53.97 | 1,313.28 | 1,218.61
CsHis, 80} covven —64.21 | 1,303.03 | 1,208.36
TeNOHANE. o« v veee e nrasesns CoHoaog 128.260 —54.56 | 1,475.05 | 1,369.86
CoHopl  } c0veevs —65.606 | 1,463.951 1,358.76
2,2-Dimethylheptane......... CsHao,g 128.260 —58.74 | 1,470.87 | 1,365.68
CoHal | cveee-s —68.85 | 1,460.76 | 1,355.57
2,2,3-Trimethylhexane........ CsH:0,2 128.260 —57.59 | 1,472.02 | 1,366.83
CoHol | voei--n —67.56 | 1,462.05 | 1,356.86
2,2 4-Trimethylhexane........ CeH2o,2 128.260 —57.85 | 1,471.76 | 1,366.57
CoHaol = | coeveer —67.58 | 1,462.03 } 1,356.84
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TapLE 41-3. Heats oF FORMATION AND HEATS OF
ComsusTioN oF CompounDs oF CarBoN (Continued)

Keal mole™! at 25°C
Formula Mol
Substance name and - h —~AHc®
state weight
AHf°
Gross Net
Carbon-Hydrogen, Alkanes (Cont.)
2,2,5-Trimethylhexane........| CoHzo.g 128.260 | —60.36 | 1,469.24 | 1,364.00
CoHool- | oo —~69.97 | 1,459.64 | 1,354.45
2,3,3-Trimethylhexane........ CeH o0, 128.260 —57.13 | 1,472.48 | 1,367.29
CoHol | ..vntn —67.18 | 1,462.43 | 1,357.24
2,3,5-Trimethylhexane........ CsHaog 128.260 —57.91 | 1,471.70 | 1,366.51
CoHzl | oot —67.81 | 1,461.80 | 1,356.61
2,4,4-Trimethylhexane........ CoHao,g 128.260 —57.06 | 1,472.55 | 1,367.36
CeHo2ol | ... —66.87 | 1,462.74 | 1,357.55
3,3,4-Trimethylhexane........ CoHa0,g 128.260 ~56.20 | 1,473.41 | 1,368.22
CeHoldl | .oo... —66.33 | 1,463.28 | 1,358.09
2,2-Dimethyl-3-ethylpentane. .| CsHaog 128.260 —55.21 | 1,474.40 | 1,369.21
' CeH-ol | .ooit. —65.17 | 1,464.44 | 1,359.25
2,4-Dimethyl-3-ethyipentane. .| CsHao,g 128.260 —54.30 | 1,475.31 | 1,370.12
CoHszl | ....... ~64.42 | 1,465.19 | 1,360.00
n-Decane....................| CioHaog 142,287 —59.64 | 1,632.34 | 1,516.63
CroHol L oo —71.92 | 1,620.06 | 1,504.35
Carbon-Hydrogen, Cycloalkanes
Cyclopropane................ Cs3He, g 42.081 ..12.75 499.85 468.29
Cyclobutane.,............... CsHs,g 56.108 6.32 655.78 613.70
CsHgl | ... .. . .0.76 650.22 608.14
Cyclopentane................ CsHio,g 70.135 —18.41 793.42 740.83
CsHiwoll | ..ovt —25.28 786.55 733.96
Methylcyclopentane. ....... .. CeHiz,g 84.163 —25.34 948.80 885.75
CeHisl | .o —32.92 941.28 878.17
Ethylcyclopentane. .. ........ CiHis,g 98.190 —30.33 {1,106.23 | 1,032.60
. C-Huisdl | ool —39.06 | 1,097.50 | 1,023.87
1,1-Dimethyleyelopentane. . . .| CrHisg 98.190 —33.02 | 1,103.54 | 1,029.91
C:His, 1 | ... —41.12 | 1,095.44 | 1,021.81
1-¢is-2-Dimethyleyclopentane..| CrHis,g 98.190 —30.94 | 1,105.62 | 1,031.99
. C:Hisl | oL —39.50 | 1,097.06 | 1,023.43
1-trans-2-Dimethyleyclo- CriHisg 98.190 | —32.64 | 1,103.92 | 1,030.29
) pentane (0735 7 N B —40.92 | 1,095.64 | 1,022.01
1-cts-3-Dimethyleyclopentane..| C:His,g 98.190 —32.44 | 1,104.12 { 1,030.49
(0735 SV LR —40.66 | 1,095.90 | 1,022.27
1-trans-3-Dimethylcyclo- CiHisg 98,190 | —31.90 | 1,104.66 | 1,031.03
pentane CiHyl | oot —40.17 | 1,096.39 | 1,022.76
n-Propylcyclopentane......... CsHis,g 112.217 —35.37 | 1,263.56 | 1,179.41
. [OF3 < PT L —45.19 | 1,253.74 | 1,169.59
n-Butylcyclopentane. . ....... CoHus,g 126.244 —40.19 | 1,421.10| 1,326.43
CoHisl | .ot .. ~51.19 | 1,410.10 | 1,315.43
n-Pentylcyclopentane....... .. Ci1oHz0,g 140.271 —45.12 | 1,678.54 | 1,473.35
CioHzol oo —57.30 | 1,566.36 | 1,461.17
‘n-Hexyleyclopentane. ........ CuHoag 154.298 | —50.04 | 1,735.99 | 1,620.28
CuHadl | oo —63.40 | 1,722.63 | 1,606.92
n-Heptyleyclopentane. . .... .. Ci12:Hos,g 168.325 —54.96 | 1,893.43 | 1,767.20
. CiaHogl | oot —69.50 | 1,878.89 | 1,752.66
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TapLe 41-3. Hears oF ForMaTiON AND HEATs OF
Coapustion ofF Compounps oF CarBON (Continued)

Kcal mole™! at 25°C
. Formula Mol
Substance name and 1o —AH®
state weight
AHf°
Gross Net
Carbon-Hydrogen, Cycloalkanes (Cont.)

n-Octyleyclopentane.......... Ci1:Hae,g 182.352 —~59.89 | 2,060.87 | 1,914.12
' CusHsl | oovont —75.61 | 2,035.15 | 1,898.40
n-Nonyleyclopentane......... Ci1sHos,g 196.379 —64.80 {2,208.32 | 2,061.05
' 0771 = CTR N I —81.70 | 2,191.42 | 2,044.15
n-Decylcyclopentane. ........ CisHszo,g 210.406 —69.73 {2,365.76 | 2,207.98
CisHzold | oohint —~87.81 | 2,347.68 | 2,189.90
Cyclohexane................. CeHiog 84.163 —29.42 | -944.78 881.67
CeHial | ..ot —37.33 936.87 873.76
Methylcyclohexane........... C:Hisg 98.190 —36.98 | 1,099.58 | 1,025.95
CiHigst | oot —45.43 | 1,091.13 | 1,017.50
Ethyleyclohexane. . .......... CsHieg 112.217 —41.03 |1,257-.90 |'1,173.75
CsHiesl | vivie s —50.70 | 1,248.23 | 1,164.08
1,1-Dimethyleyclohexane. . ... CsHis,g 112.217 —43.24 | 1,255.69 | 1,171.54
CesHisl | ot —52.28 | 1,246.65 | 1,255.69
1-cis-2-Dimethyleyclohexane. .| CsHisg 112.217 —41.12-1 1,257.81 | 1,173.66
CsHied | oo —50.62 | 1,248.31 | 1,164.16
1-trans-2-Dimethylcyclo- CsHieg 112.217 —42.98 | 1,255.95 | 1,171.80
hexane CsHisl | coeonnn © —52.16 | 1,246.77 | 1,162.62
1-cis-3-Dimethyleyelohexane. .| CsHieg 112.217 —44.12 | 1,254.81 | 1,170.66
CsHye,l | ot —53.28 11,245.65 | 1,161.50
1-trans-3-Dimethyleyelo- CsHieg 112.217 —~42.17 1 1,256.76 | 1,172.61
hexane CsHisl | coviinn —51.55 | 1,247.38 | 1,163.23
l-cis-4-Dimethylcyclohexane. .| CsHisg 112.217 ~42.19 | 1,256.74 | 1,172.59
CsHisl | cooov —51.53 | 1,247.40 | 1,163.25
1-trans-4-Dimethyleyclo- CsHisg 112.217 | —44.08 | 1,254.85 | 1,170.70
hexane CsHigl  f oo —53.15 | 1,245.78 | 1,161.63
Cycloheptane................ C:Husg 98.190 —98.26 | 1,108.30 | 1,034.67
C;His)l ] oo —37.47 11,099.09 | 1,025.46
Cyelooetane. ... .....oveve.n CsHisg 112.217 —30.22 | 1,268.71 | 1,184.56
CsHigl } ooviit —40.58 | 1,258.35 | 1,174.20
Cyclotetradecane............. Ci:Hosg 196.379 —54.36 | 2,218.76 | 2,071.49
CuHogd 1 cientn —86.57 | 2.186.55 | 2,039.28

Carbon-Hydrogen, Alkenes

. .

Ethene (ethylene)............ " CoHy,g 28.054 12.50 337.23 316.19
Propene (propylene).......... C:Heg 42.081 4.89 491.99 460.43
1-Butene............... .....] CsHsg 56.108 -0.01 649 .45 607 .37
‘ CsHsl | .oovvtn —4.98 644.49 602.41
cig-2-Butene...........onnene CsHs,g 56.108 —~1.65 647 .81 605.73
CiHs,l [ . —-7.06 | 642.41| 600.33
trans-2-Butene. .............. CsHs,g 56.108 —2.65 646.81 604.73
CqHsl oo —7.88 641.58 599.50
2-Methylpropene (isobutene)..: CsHs.g 56.108 —4.03 | 645.43 1 603.35
N OF1 - ¥ T —-9.11 640.36 508.28
1-Pentene............covvvnn CsH:o,2 70.135 —4 .98 806.85 754.26
: CsHwosl | coevien —11.14 800.68 748 .09
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TaBLE 41-3. HEaTs oF ForMATION AND HEATS OF
Comaustion oF CompounDs oF CarBoN (Continued)

Kcal mole™! at 25°C

Formula Mol
Substance name and Sy —AHe
state weight
. AHfo
Gross Net
Carbon-Hydrogen, Alkenes (Cont.)
cts-2-Pentene................ CsHiog 70.135 —6.49 805.34 752.74
CsHiol | ....... —12.96 798.87 746.27
trans-2-Pentene.............. CsHin.g 70.135 —7.57 804.26 751.66
CsHio,l R —14.02 797.81 745.22
2-Methyl-1-butene........... CsHiog 70.135 —8.66 803.17 750.58
CsHiol | ..., —14.92 796.92 744 .32
3-Methyl-1-butene. . . . ... ... CsHiog 70.135 —6.90 204 .93 752.34
CsHiol | ..., —12.76 799.07 746 .47
2-Methyl-2-butene........... C:Hiog 70.135 —10.15 801.68 749.08
C:sHiwel ool —16.68 795.15 742 .55
1-Hexene. svveeernnennnnnnnns CsHisg 84.163 —9.92 964.28 901.16
CeHin,d | oo —17.28 956.92 893.81
cis-2-Hexene................. CeHiog 84.163 —12.49 961.71 898.60
(675 ST U R —20.04 954.16 891.05
trans-2-Hexene............... CsHizg 84.163 —12.86 961.34 898.23
CsHil | oo —20.43 953.77 890.66
cts-3-Hexene.................| CeHiog 84.163 —11.35 962.85 899.74
(OF3 > ST N R —18.85 955.35 892.24
trans-3-Hexene...............| CeHiog 84.163 —-12.98 | 19061.22 898.11
(7 5 ST N R —20.55 953.65 890.54
2-Methyl-1-pentene.......... CsHisg 8§4.163 —14.16 960.04 896.93
(73 5 ST N R —21.48 952.72 889.61
3-Methyl-1-pentene.......... CeHiog 84.163 —11.80 962.40 899.29
(6735 ST SR S - 18.66 955.54 892 .43
. 4-Methyl-1-pentene.......... CeHisg 84.163 —12.22 961.98 898.87
CeHig,l | ... —10.11 955.00 £01.08
2-Methyl-2-pentene.......... CsHiog 84.163 —-15.96 958.24 895.13
CeHiol | ..., —23.54 950.66 | *887.55
3-Methyl-cts-2-pentene. . ... .. Ce¢Hiog 84.163 —15.03 959.17 896.06
CeHizl | ... —22.55 951.65 888.54
3-Methyl-trans-2-pentene. . ... CesHisg 84.163 —14.89 959.31 896.20
. CeHial | ..., —22.59 951.61 y { 388.50
4-Methyl-cis-2-pentene. . ... .. CeHiog 84.163 | —13.70 | 960.50 | '897.39
CsHi2l | ... —20.78 953 .42 890.31
4-Methyl-trans-2-pentene. . . .. CeHiog 84.163 | —14.66 | 959.54 | 896.43
(077 = ST'N S B —21.86 952.34 889.23
2-Ethy1-1-butene ............. CeHiog 84.163 —-13.36 960.84 897.73
31 CeHizl | ... ... —20.80 953.40 890.29
2,3-Dimethyl-1-butene........ CeHiz,g 84.163 —15.48 958.72 895.61
CsHiel 1 ... ... —22.49 951.71 888.60
3,3-Dimethyl-1-butene........ CeHizg 84.163 | —14.48 | 959.72| 896.61
(7Y > 7' K —20.89 953.31 890.20
2,3-Dimethyl-2-butene........ CsHizg 84.163 —16.41 957.79 894,67
(075 7' S —24.22 949.98 886.87
1-Heptene.........coooveun.. CiHisg 98.190 | —14.66 | 1,121.90 | 1,048.27
C:Huil L. —23.19 |1,113.37 | 1,039.74
cis-2-Heptene................ CrHigg 98.190 —16.47 11,120.09 | 1,046.46
C:Hul | ool —25.09 | 1,111.47 | 1,037.84
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TapLe 41-3. HEars or FormarioN AND HEATs OF
ComsusTioN oF CoMpPoUNDs OF CarBoN (Continued)

Kcal mole™?! at 25°C
Formula
Substance name and MOI‘ —AHc®
state weight
AHf®
Gross Net
Carbon-Hydrogen, Alkenes (Cont.)

trans-2-Heptene.............. C:Hisg 98.190 —17.47 | 1,119.09 | 1,045.46
CiHisl oot -26.09 | 1,110.47 | 1,036.84

cis-3-Heptene........... ... . CiHusg 98.190 —16.47 | 1,120.09 | 1,046.46
(673 5 ST U —24.99 | 1,111.57 | 1,037.94

trans-3-Heptene............ .. C+His,g 98.190 —17.47 {1,119.09 | 1,045.46
(0775 SV A S, —25.99 | 1,110.57 | 1,036.94

2-Methyl-1-hexene........... C:Hiag 98.190 —18.48 | 1,118.08 | 1,044.45
C:Hul ] oot —26.90 | 1,109.66 | 1,036.03

3-Methyl-1-hexene . . ......... CrHisg 98.190 —15.94 | 1,120.62 | 1,046.99
CiHil | ool —24.16 | 1,112.40 | 1,038.77

4-Methyl-1-hexene........... C-Hisg 98.190 —15.94 | 1,120.62 | 1,046.99
CHiul ) oo —24.26 {1,112.30 | 1,038.67

5-Methyl-1-hexenc........... C:Hiusg 98.190 —16.58 | 1,119.98 | 1,046.35
CHyl ool —24.8041,111.76 | 1,038.13

2-Methyl-2-hexene........... C:Hisg 98.190 —19.88 | 1,116.68 | 1,043.05
CiHisl | il —28.40 | 1,108.16 | 1,034.53

3-Methyl-cts-2-hexene. ....... C:Hisg 08.190 —19.24 {1,117.32 { 1,043.69
CHwl ool —27.76 |1,108.80 | 1,035.17

3-Methyl-trans-2-hexene. ..... C:Hug 98.190 —19.24 | 1,117.32 | 1,043.69
(0735 S S Y —-27.76 | 1,108.80 | 1,035.17

4-Methyl-cts-2-hexene. ....... C:Husg 98.190 —17.54 | 1,119.02 | 1,045.39
. C:Hu b | oot —25.86 | 1,110.70 | 1,037.07

4-Methyl-trans-2-hexene. ... .. C:Husg 98.190 —18.54 | 1,118.02 | 1,044.39
CiHigl | it —-26.96 | 1,109.60 | 1,035.97

5-Methyl-cis-2-hexene........ C:Hisg 98.190 —18.18 | 1,118.38 | 1,044.75
CHis,l | oot —26.50 | 1,110.06 | 1,036.43

5-Methyl-trans-2-hexene. ... .. C:Huug 98.190 —19.18 | 1,117.38 | 1,043.75
673 5 S75 U SRR —27.50 | 1,109.06 | 1,035.43

2-Methyl-cis-3-hexene. ....... C:Husug 98.190 —18.18 | 1,118.38 | 1,044.75
C:Hul .ot —26.40 | 1,110.16 | 1,036.53

2-Methyl-trans-3-hexene...... C:Hing 98.190 —19.18 | 1,117.38 { 1,043.75
C-Hu o o —27.40 | 1,109.16 | 1,035.53

3-Methyl-cic-3-hexene. . ...... C:Husg 98.190 —18.99 {1,117.57 | 1,043.94
C:Hwl | oo —27.72 {1,108.84 | 1,035.21
3-Methyl-trans-3-hexene. ..... C:Husg 98.190 —18.37 {1,118.19 | 1,044.56 "
C:Hul ] e —26.95 {1,109.61 | 1,035.98

2-Ethyl-1-pentene............ C:Hisg 98.190 —17.84 | 1,118.72 | 1,045.09
CiHisl | oo —26.26 | 1,110.30 | 1,036.67

3-Ethyl-1-pentene............ CrHusg 98.190 —15.32 | 1,121.24 | 1,047.61
(13 = SV L I —-23.54 |1,113.02 | 1,039.39

2,3-Dimethyl-1-pentene....... CrHusg 98.190 —19.50 | 1,117.06 | 1,043.43
CiHil ] e —-27.72 | 1,108.84 | 1,035.21

2,4-Dimethyl-1-pentene....... C:Hug 98.190 —20.04 | 1,116.52 | 1,042.89
CiHisl | ooioies —927.97 | 1,108.50 | 1,034.906

3,3-Dimethyl-1-pentene. ...... CiHisg 98.190 —18.15 | 1,118.41 | 1,044.78
CHisl e —26.17 |1,110.39 | 1,036.76

3,4-Dimethyl-1-pentene.......| CiHisg 98.190 —17.60 | 1,118.96 | 1,045.33
CrHisd =~ | oeennns —25.72 | 1,110.84 | 1,037.21

4,4-Dimethyl-1-pentene....... CrHisg 98.190 —18.96 | 1,117.60 | 1,043.97
(071 5 27 N RN —926.43 | 1,110.13 | 1,036.50
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Kecal mole-t at 25°C

Formula Mol
Substance name and - h —AHe®
tate weight
® AHf
Gross Net
Carbon-Hydrogen, Alkenes (Cont.)

3-Ethyl-2-pentene............ C:Hisg 98.190 —18.62 | 1,117.94 | 1,044.31
C/Hil | ool —~27.14 11,109.42 | 1,035.79
2,3-Dimethyl-2-pentene. . .. . .. C:Hisg 98 190 —21.10 | 1,115.46 | 1,041 83
C:Hu | Lo, —29.62 | 1,106.94 { 1,033.31
2,4-Dimethyl-2-pentene. ...... C:Husg 98.190 —21.20 | 1,115.36 | 1,041.73
C:Hwl | ool —29.42 | 1,107.14 | 1,033.51
3,4-Dimethyl-cis-2-pentene. ...| C:H,sg 98.190 —20.90 | 1,115.66 | 1,042.03
. (673 5 ST I R, -29.22 | 1,107.34 | 1,033.71
3,4-Dimethyl-frans-2-pentene. .| C:Hiyg 98.190 —20.90 | 1,115.66 | 1,042.03
CHisl | ... —29.32 | 1,107.24 | 1,033.61
4,4-Dimethyl-cis-2-pentene....| C:Hiyg 98.190 —17.36 | 1,119.20 | 1,045.57
C:Hul | oL —-25.17 11,111.39 | 1,037.76
4,4-Dimethyl-trans-2-pentene. .| C:Hisg 98.190 —21.24 {1,115.32 | 1,041.69
C:Hagl L ool —29.11 ; 1,107.45| 1,033.82
3-Methyl-2-ethyl-1-butene. ...| C:Hisg 98.190 —19.04 | 1,117.52 | 1,043.89
(OF3 > S S —27.26 11,109.30 | 1,035.67
2,3,3-Trimethyl-1-butene . . ... C:Hisng 98.190 —20.43 | 1,116.13 | 1,042.50
C:Hisl | ool —28.13 | 1,108.43 | 1,034.80
1-Octene.................... CsHie,g 112.217 —19.41 | 1,279.52 | 1,195.37
(GFF 5 ST N R, —29.11 | 1,269.82 | 1,185.,67
2,2-Dimethyl-cts-3-hexene. . ... CsHys,l 112.217 —30.21 | 1,268.72 | 1,184.56
2.2-Dimethyl-irans-3-hexene. . .| CsHie,) 112.217 —34.65 | 1,264 .28 | 1,180.13
2-Methyl-3-ethyl-1-pentene. . .| CsHiel 112,217 —32.92 | 1,266.01 | 1,181.86
2,2,4-Trimethyl-1-pentene ....| CsHis,l 112.217 —34.81 | 1,264.12 1 1,179.97
2,4,4-Trimethyl-2-pentene ....| CsHis,l 112.217 —-34.04 | 1,264.89 | 1,180.74
1-Nonene. . . ................ CsHis,g 126.244 —24.70 | 1,436.50 | 1,341.92
CsHisl | ... ... —35.58 | 1,425.71 ] 1,331.04
1-Decene ..oovvvvvnnnnnnnn.. CioHoo,g 140.271 —29.48 | 1,594.18 | 1,488.99
(G317 > £75 S ~41.54 | 1,682.12 | 1,476.93

2,2,5,5-Tetramethyl-czs-3-
hexene ................. CioHoo,l 140.271 —39.09 | 1,584.57 | 1,479.38

2,2,5,5-Tetramethyl-trans-
3-hexene................ CioHzo,1 140.271 —49.62 | 1,574.04 | 1,468.83

Carbon-Hydrogen, Alkadienes

Propadiene (allene) .......... C:Hyg 40.065 45.93 464.71 443 .67
1,2-Butadiene . .............. CiHe, g 54.092 38.78 619.93 588 .37
CsHel | ..., 32.98 614.13 582.58
1,3-Butadiene ............... CsHs,g 54.092 26.34 607 .49 575.93
CsHsl | .. ..., 21.17 60232 570.76
1,2-Pentadiene............... CsHs,g 68.120 33.62 777.14 735.06
[OF3 5 15 N 26.74 770.26 728.18
1-cts-3-Pentadiene............ CsHygg 68.120 19.78 763.30 721,22
(OF3 5 % L 12.97 756.48 714 .41
1-trans-3-Pentadiene.......... C:sHs,g 68.120 18.12 761.64 719.56
CsHsl | ....... 11.44 754.95 712.88
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TapLe 41-3. HEars oF FORMATION AND HEATS OF
CoupustioN OF CoMpOUNDS OF CARBON (Continued)

Kcal mole™! at 25°C

Formula Mol
Substance name and 0% —AHe
state weight
| AHf°
\ Gross Net
|
Carbon-Hydrogen, Alkadienes (Cont.)
1,4-Pentadiene..........oveee C:sHas.g 68.120 25.42 768.94 726.86
CsHgl  f ceveens 19.33 762.84 720.76
92,3-Pentadiene. ............. | CsHs,g 68.120 31.80 | 775.32| 733.24
| CsHal | v 2472 | 768.23| 726.16
3.Methyl-1,2-butadiene. . . . . .. | CsHsg 68.120 31.00 | 774.51| 732.43
P CsHsl e 23.26 766.78 724.70
9.Methyl-1,3-butadiene i CsHs.g 68.120 18.10 761.62 719.54
(isoprene) | CsHsl | voveees 11.72 755.24 713.16
Carbon-Hydrogen, Cyecloalkenes
Cyclopropene. ....... ... C:i;Hug 40.065 66. 485. 464 .
Cyclopentene. ..........«--- CsHs,g 68.120 | 7.75 751.27 709.19
S CsHsd | e 1.04 744.55 702.47
1-Methylcyclopentene. ....... i CesHiog 82.147 —0.96 904.92 852.32
I CeHuod ] veevvnes -8.71 897 .17 844 .58
3-Methyleyclopentene. ....... | CsHuol 82.147 —5.66 900.22 847.62
4-Methyleyclopentene. ....... | CeHuol 82.147 —4.20 901.68 849.08
1-Ethyleyclopentene..........! C:Hiog 96.174 —4.89 | 1,063.36 | 1,000.25
\ C:Hial | oo —13.93 | 1,054.32 991.21
3-Ethylcyclopentene..........! CiH;.l 96.174 —11.77 | 1,056.48 993.37
4-Ethylcyclopentene.........- \ C:Hil 96.174 ll —10.31 | 1,067.94 994.83
1-n-Propyleyclopentene....... | C:sHisg | 110.201 | —9.81 | 1,220.80 | 1,147.17
| CsHisl | coeeens ~920.03 | 1,210.58 | 1,136.95
3-n-Propyleyclopentene....... i CsHisl 110.201 —~17.87 | 1,112.74 ] 1,039.11
3-n-Propyleyelopentene....... I CsHuul 110.201 —16.41 | 1,214.20 1,140.57
1-n-Butyleyclopentene........ i CoHisg 124.228 » —~14.73 11,378.2511,204.10
I CoHuel P oveveens —26.13 \ 1,366.85 | 1,282.70
3.n-Butyleyclopentene. ... . .. | CeHuel | 124.228 _93.97 | 1,369.01 | 1,284.86
4-n-Butylcyclopentene. ... | CoHuel | 124.228 ) - 22.51 | 1,370.47 | 1,286.32
1-n-Pentyleyclopentene....... | CroHis,g 138.255 ~19.66 | 1,535.69 | 1,441.02
| CooHisl ] oeeee- —32.24 | 1,523.11 | 1.428.44
3-n-Pentyleyclopentene....... CioHus,l 138.255 ’, —~30.08 | 1,625.27 | 1,430.60
4-n-Pentylcyclopentene. ...... CioHisl 138.255 | —28.62 | 1,526.73 1,432.06
CycloReXENe. .\ vvvvnernenres CeHiog g2.147 | —1.08 | 904.80| 852.21
CeHiol | -oveeee ' -9.13 896.75 844.16
1-Methyleyclohexene. . . ... - - - | CiHuing 06 174 | —10.36 | 1,057.89 | 994.78
CiHal e \ —19.40 | 1,048.85 985.74
1-Ethylcyclohexene. . ........ CsHisng 110.201 —15.17 | 1,215.44 } 1,141.81
CsHiasd | oo —25.50 | 1,205.11 1,131.48
1-n-Propylcyclohexene........ CeHi6,2 124.228 —20.10 | 1.372.88 } 1,288.73
CoHiel | s —31.61 | 1,361.37 1,277.22
1-n-Butylcyclohexene......... CroHis.g 138.255 —95.02 | 1,530.33 | 1,435.66
[o17) s CT1 —37.71 | 1,517.64 1,422.97
1-n-Pentylcyclohexene........ CuH:,g 152.282 _20.04 | 1,687.77 | 1,582.58
CuHal L eveeees —43.71 | 1,674.00 | 1,568 .81
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TasLE 41-3. HEATS oF ForMATION AND HEATS OF
ComeusTioN oF CompouNds or CarBoN (Continued)

Kecal mole-! at 25°C
Formula Mol
Substance name and - I —AHc®
state weight
AHf®
Gross Net
Carbon-Hydrogen, Alkynes
Ethyne (acetylene)........... C:Hs,g 26.038 54.20 310.62 300.10
Propyne (methylacetylene)....| C:Hy,g 40065 44 .33 463.11 442 07
1-Butyne (ethylacetylene)..... CsHs,g 54.092 39.49 620.64 589.08
CsHsl | ..., 33.70 614.85 583.30
2-Butyne (dimethylacetylene).| CiHs,g 54.092 34.98 616.13 584.57
CiH,1 | ....... 28.54 609.69 578.13
1-Pentyne................... C:Hs.g 68.120 34.52 778.03 735.95
CsHsl | ..., 27.67 771.18 729.10
2-Pentyne................... CsHs.g 68.120 | 30.81 774.33 732.25
CsHyl | ....... ! 23.43 766.95 724 .87
3-Methyl-1-butyne........... C:Hs.g 68.120 32.62 776.13 734.05
CsHxl ... ... 26.35 769.86 727.79
1-Hexyne........oo0eeuu.... CsHiog 82.147 29.5 935.45 882.86
1-Heptyne. ......coveuvun... C:Hiog €6.174 24.64 | 1,092.89 ] 1,029.78
1-Octyne.......covuun. .. CsHiug 110.201 19.73 | 1,250.34 | 1,176.71
1-Nonyne...........coo. ... CeH, .. 124 .228 14.80 | 1,407.78 | 1,323.63
1-Decyne...........c.ovvu... CioHis,g 138.255 9.88 | 1,565.22 | 1,470.55
1,8-Cyclotetradecadiyne. . .. .. CisHoaog 188.315 76.97 | 2,076.83 | 1,071.64
CusH:0e | ....... 37.29 | 2,037.15 1,931.96
Carbon-Hydrogen-Miscellaneous Ring Compounds
Spiropentane................ CsHs,g 68.120 44 .26 787.77 745.69
CsHsl | .. . 37.66 781.17 739.09
cts-Decahydronaphthalene. .. .| CicHis,g 138.255 —40.36 | 1,5614.99 | 1,420.32
CioHisd | ool —52.42 | 1,602.92 | 1,408.25
trans-Decahydronaphthalene. .| Ci¢His,g 138.255 —43.54 | 1,511.80 | 1,417.13
CioHisd | L ..., —&85.12 | 1,500.23 | 1,405.56
9-Methyl-trans-decalin........ C1iHaol 152.282 —-59.67 | 1,658.04 | 1,552.85
9-Methyl-cis-decalin ......... CuiHag,l 152.282 —58.28 11,6569.43 ] 1,554.24
1,3,5,7-Cyclooctatetraene. . ... CsHs,l 104.153 60.83 | 1,086.50 | 1,044.42
Carbon-Hyd;ogen, Benzenes and Naphthalenes
Benzene...........0iiuuan. C¢Hs,g 78.115 19.80 789.05 757 .49
: CeHel | ...... - 11.71 780.96 749.40
Methylbenzene (toluene)...... C:Hs,g 92.142 11.95 943.57 901.49
CHsl | .o..... 2.87 934.49 892.41
Ethylbenzene................ CsHio,g 106.169 7.14 1 1,101.13 | 1,048.53
CsHyol | ....... —2.95 | 1,091.03 | 1,038.44
1,2-Dimethylbenzene CsHiog 106.169 4.56 | 1,098.54 | 1,045.95
(o-xylene) CsHiol | ....... -5.82 | 1,088.16 | 1,035.56
1,3-Dimethylbenzene CsHio,g 106.169 4.13 | 1,098.12 | 1,045.52
(m-xylene) CsHiol | ....... —6.06 | 1,087.92 | 1,035.33
1,4-Dimethylbenzene CsHuog 106.169 4.30 | 1,098.29 | 1,045.69
(p-xylene) . CsHwod | ... ... —5.82 {1,088.16 | 1,035.56
+
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TapLE 41-3. HEaTs oF FORMATION AND HEATS OF
CompusTION OF COMPOUNDS OF CarBoN (Continued)

Kecal mole—t at 25°C

Formula Mol
Substance name and O —AHc®
state weight
AHf®
Gross Net
Carbon-Hydrogen, Benzenes and Naphthalenes (Cont.)
. n-Popylbenzene............v. CoHing 120.196 1.89 | 1,258.24 | 1,195.12
CoHisld i —~90.16 | 1,247.19 | 1,184.08
Isopropylbenzene (cumene) . . . CsHiog 120.196 0.96 | 1,257.31 | 1,104.20
(07 5 T N R —~0.83 |1,246.52 | 1,183.41
1-Methyl-2-ethylbenzene...... CoHiag 120.196 0.31 | 1,256.66 | 1,193.55
CoHil | e —11.09 | 1,245.26 | 1,182.15
1-Methyl-3-ethylbenzene...... CeHis,2 120.196 —0.43 | 1,255.92 | 1,192.81
CeHid | coivenn —11.64 | 1,244.71 ] 1,181.60
1-Methyl-4-ethylbenzene ... .. CeHing 120.196 —0.49 | 1,255.86 | 1,192.75
CsHil | oot —11.90 | 1,244.45 | 1,181.34
1,2,3-Trimethylbenzene CoHisg 120.196 —~2.26 | 1,254.08 | 1,190.97
(hemimellitene) CeHizl P oo —13.99 | 1,242.36 | 1,179.25
1,2,4-Trimethylbenzene CsHiag 120.196 —3.31 |1,253.04 | 1,189.92
(pseudocumene) CeHyp 1l | ot I _—14.77 { 1,241.58 | 1,178.47
1,3,5-Trimethylbenzene CeHiog i 120.196 —3.81 | 1,252.54 | 1,189.42
(mesitylene) CoHil ‘ ....... ~15.16 | 1,241.19 | 1,178.08
n-Butylbenzene............-: CioHis,g ‘ 134.223 —3.30 | 1,415.42 1,341.78
CioHisld | P —15.28 | 1,403.44 | 1,329.80
n-Pentylbenzene............. CuHisg ‘ 148.250 —8.23 | 1,572.85 | 1,488.70
CuHiel L oo ~21.39 | 1,559.69 | 1,475.54
n-Hexylbenzene............-: Ci:His.g \ 162.277 —~13.15 | 1,730.30 | 1,635.63
CioHis,d ) oo —27.49 | 1,715.96 1,621.29
n-Heptylbenzene............- CisHeog 176.304 —18.08 | 1,887.73 | 1,782.54
Ciz:Hawl veovnen —33.60 | 1,872.21 1,767 .02
n-Octylbenzene.............. CisHaog 190.331 —93.00 | 2,045.18 | 1,929.47
CuaHal | civve I —39.70 | 2,028.48 1,912.77
n-Nonylbenzene. . .........- CrsHaeg 204 358 | —27.93 | 2,202.92 | 2,076.69
CisHead - | vivne —45.51 | 2,185.03 | 2,058.81
n-Decylbeuzene............o- C16Hasg 218.385 _32.86 | 2,360.05 | 2,223.30
CisHzed | cenintn —51.92 | 2,340.99 | 2,204.24
Ethenylbenzene (styrene)..... CsHs,g 104.153 35.23 | 1,060.90 | 1,018.82
CsHs,l ) oo 24 .84 | 1,050.51 | 1,008.43
Biphenyl...oooevviieen Ci:Hiog 154 .214 | 43.52 | 1,513.71 1,461.11
Ci:Hioc | | 24.02 | 1,494.21 1,441.61
Naphthalene. . .....ooeneeees CioHs,g ‘ 128.175 | 36.14 | 1,249.91 | 1,207.83
CioHs,e | covoen 18.77 | 1,232.54 | 1,190 .46
1-Methylnaphthalene......... CuHiol 142.202 13.54 | 1,389.59 1,337.00
2.Methylnaphthalene......... CuHiol 142.202 10.74 | 1,386.88 | 1,334.29
Carbon-Oxygen-Hydrogen, Alkanols
Methanol (methyl alecohol)... \ CH4«O,2 32.042 — 48,06 182.62 161.58
CH:. O, | «eceres —57.13 173.565 152.51
Ethanol (ethyl aleohol)....... C-HeO,g 46.070 —56.03 337.02 305.46
CoHeOl | ceenres —66.20 | 326.85| 205.29
1-Propanol (n-propyl alcohol).. C3;Hs0,2 60.097 —~61.28 494.13 | 452.06
C3H:0\1 \ ....... —72.66 484.75 440.68
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TasLE 41-3. HEats oF ForMaTION AND HEATS OF
ComBusTiON OoF CoMPOUNDS oF CARBON (Continued)

Kecal mole-! at 25°C

Formula Mol
Substance name and v;eigk; ¢ — AHc®
state AHf°
Gross Net
Carbon-Oxygen-Hydrogen, Alkanols (Cont.)
2-Propanol (isopropyl alcohol).| CsH:O,g 60.097 —65.11 490.30 448 .23
C:HsO,1 | ....... —75.97 479.44 437.37
1-Butanol................... CiHi00,g 74.124 —65.65 652.13 599.33
CsH:0O0,1 | ....... —78.18 639. 60 587 .00
2-Butanol .................. CsH100,g 74.124 —69.94 647 .84 595 24
C:sHwO,l | ....... —81.88 635.90 583.30
2-Methyl-1-propanol ......... C4H100,g 74.124 —67.69 650.09 597 .49
CiH100,1 | ..., —79.85 637.93 885.33
2-Methyl-2-propanol. ........ CsH100,g 74.124 —~74.67 643.11 590.51
CH;00,1 | ....... —85.86 631.92 579 .3
1-Pentanol.................. CsH1:0,g 88.151 —71.94 808.20 745.09
CsH120,1 | (... ... —85.55 794.60 731.48
2-Pentanol.................. CsHi:0.g 88.151 -75.0 805.1 742 .0
CsHi:O0,1 ¢ ... ..., —87.70 792.44 729.33
3-Pentanol.................. CsH1:0.g 88.151 —75.8 804.3 741.2
CsH::0,1 1 ..., —88.46 791.68 728.57
2-Methyl-1-butanol. . ... ... .. CsH1:0,g 88.151 —-72.2 807.9 T44.8
CsHi01 | ... ..., —85.19 794 .96 731.84
3-Methyl-1-butanol. . ........ CsH::0,¢g 88.151 —-71.8 808.3 745.2
. C:H,:O,1 | ... ... —85.13 795.01 731.60
2-Methyl-2-butanol........... ! C:H1:0,g 88.151 —-78.7 801.3 738.9
CsH:-O,1 | ....... —90.66 789.48 726.37
3-Methyl-2-butanol........... CsH1:0,g 88.151 —75.18 804.96 T41.85
CsH:.001 | ....... —87.58 792.57 729.45
1-Hexanol............... .... CsH140,g 102.178 —-75.9 966.6 | 893.0
CsH:1:0,1 | ....... ~-90.7 951.8 878.2
1-Heptanol.................. CH160,g 116.205 —79.4 1,125.4 1,041.3
C:H1eO,} 0 ....... —95.3 1,109.6 1,025 .4
1-Octanol................... CsHis0,g 130.232 —84.4 1,282.8 1,188.2
CsHis0Ol  j ....... —101.6 1,265.6 1,171.6
1-Nonanol. ................. CoH200,g 144,259 -91.2 1,438 .4 1,333.2
CsH:Ol | ....... —-109.7 1,419.9 1,314.7
1-Decanol................. .. Ci10H2:0,g 158.286 —94.2 1,597.8 | 1,482.1
CiroH:20,1 | ..., —114.3 1,577.7 1,462.0
Carbon-Oxygen-Hydrogen, Polyhydroxy Alkanols
1,2-Ethanediol (ethylene
glycol...........ovui . C2H0,,1 62.069 | —108.72 284.33. 252.77
1,2-Propanediel........ e C3H50..1 76.096 | —118.10 437.3 345.2
1,2-Butanediol............... CsH10021 90.123 | —123.17 594.61 542.01
1,2,3-Propanetriol (glycerol)...| CsHOs,g 92.095 | —139.8 415.6 373.5
CsHsOsl | ... ... ~—160.3 395.1 353.0
anii-1,2,3,4-Butanetetrol
(erythritol) ......... ... .. CsH1004,¢ 122.122 | —217.6 500.2 447.6
1,2,3,4,5,6-Hexanehexol
(duleitoly................ CsH140s,¢ 182.175 | —321.87 720.64 646.74
1,2,3,4,5,6-Hexanehexol
(mannitol) . ............. CoH1406.c 182.175 —319.58 722.93 649.03
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TasLE 41-3. HEATs OF FORMATION AND HeATS OF
CompusTION OF CoMPOUNDS OF CARBON (Continued)

l

Formula
Substance name and
state

Mol.
weight

Keal mole-t at 25°C

AHf°

—AHc

Gross Net

Carbon-Oxygen-Hydrogen, Cycloalkanols

Cyclopentanol............... CsH100,g
C;s;H10.1

Cyclohexanol......ooveveeven Celli:0,g
' CsH,:.0,1
cis-2-Methyleyclohexanol. . ... C:His01
trans-2-Methyleyclohexanol. . . C;H.1:0,1
cis-3-Methyleyclohexanol. . ... C:H1:0,1

trans-3-Methyleyclohexanol. . . C:Hu:0,1

.......

114.189
114.189
114.189

—57.
-71.
—68.3
—83.
—90.
—-97.
—91.
-97.

11,039.6 965.

T 754.21 701.62

740.47 687 .88
905.81 842.70
890.99 827.88
1,045.7 927.

1,044 .7 971.
1,039.5 965.

wo WO

Carbon-Oxygen-Hydrogen, Fthers

Dimethyl ether.............. C:HsO,g
C-H:O,l
Methyl ethyl ether........... C3Hs0.g
C3Hs0,1
Diethyl ether................ | CsH100,2
CsH10,1
Methyl-n-propyl ether........ Csi1100.2
CsH100,1
Methyl isopropyl ether....... C4H100,g
Methyl tert-butyl ether....... C:H.:0,8
C;H,:0,1
Di-n-Propyl ether............ CsH140,2
CsH140,1
Diisopropyl ether............ CsH140,8
CsH140,1
Ethyl tert-butyl ether......... CsH1:0,1
Di-n-butyl ether............. CsH1s0,g
CsH1s0,1
Ethylene oxide.............. C:H:«O.,g
Propylene oxide.............. CsHeO,g
C3Hs0,1
FUTAIN. o eeevve e ennnaasanns CsH4O,g
CsH:0,1
1,3-Dioxane.........ccoovenes CsHsOzg
CsHs0.,1
1,4-Dioxane........c.cieen-- CsH;z0:2,g
) C4Hs02,1

|
l

Carbon-Oxygen-Hydrogen, Alkanals and Alkanones

—43.
—48.
- 51,
—57.
—60.
—66.
—56.
—63.
—60.
—69.
—T76.
—170.
—178.
—76.
—84.
—88.
—-79.
—00.1
—12.
—-22.
—28.
—8.
—14.
—81.
—89.
—75.
—84.

349.06 317.50
344 .4 312.9
503.68 461.01
498.0 455.9

© 650.95 | 598.35

660.96 608.36
654.17 601.57
657.54'| 604.94
811.0 747.9
803.5 740.4
972.44 898.81
963.93 890.30
966 .27 892.64
958.51 884 .88
954.0 880.4
1,287.4 | 1,192.8
1,277.0 1,182.4
312.15 291.11
464.93 433.37
458.26 426.70
504.54 483.50 -
498.07 477.03
568.0 525.9
559.47 517.39
574.16 532.09
564 .96 522.89

Methanal (formaldehyde)..... CH:0,g
Ethanal (acetaldehyde)....... C:H40,2
n-Propanal..........coove.os C3HeO,g

C:;HeO,1
n-Butanal... ...... .. oo CsHsO,g

CaH:0,1

30.027
44.0564
58.081

—27
-39
—45
—52

.70
.68
.56
.65

—48.80
—56.85

134.67 124.15 -
285.05 264 .01
441.54 409.98
434.45 402.89
600.66 558.59

- 592.61 550.64 -
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TasLE 41-3. HEars oF ForMaATION AND HEATS OF
ComBusTiON oF CompPoUNDs OF CarBON (Continued)

Formula

Kecal mole™! at 25°C

Substance name and ngi()l}; ¢ —AHc®
state welg AHf®
Gross Net
Carbon-Oxvgen-Hydrogen, Alkanals and Alkanones (Cont.)
Ketene..................... C:H:0,g 42.038 —14.6 241.8 231.3
2-Propanone (acetone)........ C:3:H:O,g 58.081 —51.80 435.30 403.74
: CsHs Ol | ....... -~ 58.99 428.11 396.55
2-Butanone................. C:H;0,1 72.108 —66.85 582.61 540.54
Cyclopentanone.............. CsH:sO,g 84.119 —46.40 697.12 655.04
C:sHsO1 | ....... —56.61 686.91 644 .83
Cyclohexanone. ............. CsH100,¢g 98.146 —54.07 851.81 799.22
CeH1001 | ....... —64.84 841.04 788.44
Carbon-Oxygen-Hydrogen, Sugars
p-Ribose.................... CsH:00s5,¢ 150,121 —251.16 560.67 508.08
D-Arabinose................. C:H1005,¢ 160.132 262.84 558.99 506.40
p-Xylose.................... CsH1005,¢ 150.132 | —251.4 560.4 507.8
a-p-Galactose................| CeHi:06¢ 180.159 | —307.4 666.8 603.7
a-p-Galactose monohydrate. . .| CeH11017,c 198.174 | —373.3 669.2 595.6
a-p-Glucose. .. .............. CeH12056,c 180.159 | —304.60 669.60 606.48
B-p-Glucose. .. .............. CsH1:05,¢ 180.159 | —303.07 671.13 608.01
o-p-Glucose monohydrate. ... . CeH1:05¢c 1 198.174 | —375.50 667.01 593.38
B-p-Fructose................. CeH1:05,c ' 180.159 | —302.5 671.7 608.6
L-Sorbose............ e CeéH1:06,¢c : 180.159 | —303.8 670.4 607.3
a-Lactose................... C12H2:011,¢ | 342.303 | —531.0 1,349.1 |1,233.4
B-Lactose................... Ci12H2:011,c | 342.303 | —534.6 1,345.5 1,229.8
a-Lactose monohydrate....... C12H24010,c | 360.318 | —606.2 1,342.2 | 1,216.0
Maltose..................... Ci12H22:011,¢ | 342.303 | —592.2 1,350.9 | 1,235.2
B-Maltose monohydrate. . .... Ci12H24012,¢ | 360.318 | —606.9 1,341.5 | 1,215.3
Sucrose. ... Ci12H:2:01,¢ | 342.303 | —531.0 1,349.1 1,233.4
Carbon-Oxygen-Hydrogen, Alkanoic and Alkanedioic Acids, Anhydrides and Esters
Methanoic acid (formic acid). .| CH:0.,g 46.026 —90.48 71.89 61.57
CH:0:1 | ....... —101.51 60.86 50.54
Ethanoic acid (acetic acid)....| C:HO.g 60.053 | —103.83 220.96 199.86
C:H:O:1 | ... ... —115.73 209.00 187.96
n-Propanoic acid (propionie
acid)......... .. . . ... C3He0.,] 74.080 | —122.12 364 .98 333.42
n-Butanoic acid (butyric acid).| C4H;s0.,1 88.107 | —127.9 521.6 479.5
n-Pentanoic acid............. CsH100,,1 102.134 | —133.88 677.95 625.36
Hexadecanoic acid (palmitic Ci16H3:0:2g  240.433 | —176.0 2,421.9 | 2,253.6
acid) ) CieHs202¢c | ....... —~212.9 |2,385.0 |2,216.7
Octadecanoic acid (stearic Ci1sH3eO:g | 268.487 | —118.5 |2,804.1 |2,614.7
acid) CisHseOz¢ | ..., —158.3 |2,764.3 |2,574.9
Ethanoic (acetic) anhydride. . . CsHeOs,g 102.091 | —137.62 433.53 411.97
CHeOs1 . ...... —149.16 431.99 400.43
Methyl methanoate (methyl | C;HiOwg | 60.053 | —83.6 241.1 220.1
formate) C:HeOol | ....... —90.4 234.4 | 213.3
Ethyl ethanoate (ethyl C«HsO2g | 88.107 | —108.0 541.5 499 .4
acetate) CiHsOal | ....... ~116.3 533.2 491.1
Ethanedioic acid............. C:H:04g | 90.036 | —174.5 81.9 71.4
a-Oxalic acid. e C:H:04c i ....... -197.9 58.5 48.0
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Formula

Substance name and
state

Keal mole™! at 25°C

Mol.

weight
AHJf°

—~AH¢

Gross

Net

Carbon-Oxygen-Hydrogen, Alkanoic and Alkanedioic

Acid, Anhydrides and Esters (Cont.)

B-Oxalic acid. . ... .coooreees CoHOge | ccevnes —196.7 59.7 49.2
Ethanedioic acid dihydrate.... C2HsOs\c 126.067 | —339.7 53.3 21.8
Propanedioic acid (malonic
acid) . ve i C3;H4Osc 104.063 | —212.93 205.85 184.82
Pentanedioic acid (glutaric
acid). ..o CsHixO4c 132.117 | —229.3 514.2 472.1
Carbon-Oxygen-Hydrogen, Hydroxy Acids and Esters
L( +)-2-Hydroxypropanoic C3He03al 90.079 | —161.9 325.2 293.6
acid (L(+)-lactic acid) C:HeOsc | coovvns —165.88 321.21 289.66
L-2-Hydroxybut:medioic acid
(L-malic acid) . ... CsHOs,c 134.089 | —263.7 317.4 285.9
DL-2-Hydroxybutanedioic acid | |
(pL-malic acid) . ...oove s i CsHeOs,c 134.089 | —264.2 319.9 285.4
D-1,2-Dihydroxybutanedioic
acid (p-tartaric acid)..... | C4H:Os,c 150.089 | —306.1 275.0 243.5
DL—1,2-Dihydroxybutanedioic .
acid (pL-tartaric acid) . ...| CiHsOscC 150.089 | —308.2 272.9 241.4
DL—l,2-Dihydroxybutanedioic
acid monohydrate (pL-tar-
taric acid monohydrate) . . C4Hs01,c 168.104 | —377.9 203.2 171.7
meso-1,2-Dihydroxybutane-
dioic acid (meso-tartaric
P 1) PPN CiHeOs.C 150.089 | —306.7 274 .4 242.9
p-Dimethyltartrate..........- CesH1006,¢C 178.143 | —286.2 619.7 567.1
i Dimethyltartrate. .. ...« CoHaOsg | 178.143 | —260.4 \ 645.5 | 592.9
CeHi1006c | - vvvves —287.6 618.3 565.7
meso-Dimethyltartrate........ CsH10006,2 178.143 | —258 648 595
CeHpoO6C | covvnes —286.1 \ 619.8 | 567.2
2-Hydroxy-1 .2.3-propanetri- :
carboxylic acid (citric \
acid). ..o CsHsOn,c 192.126 | —396.0 468.6 426.5
2-Hydroxy-1.2,3-propanetri—
carboxylic acid mono-
hydrate (citric acid mono-
Dy drate) . .. «cooorreeeees CoH10sc | 210.142 | —439.4 \ 466.5 | 413.9
Carbon-Oxygen-Hydrogen, Unsaturated Compounds
2-Propen-1-ol (allyl alcohol). . C3HeO.1 58.081 —41.60 445 .50 413.94
Propenoic acid (acrylic acid) . . C:H:O2.2 72.064 —80.56 338.22 317.19
CsHO2l ] ccvvrer —-91.77 327.01 3056.98
cis-Butenedioic acid (maleic C:HiOs.g 116.074 | —161.6 351.2 330.2
acid) CHOue | +ooveo —188.65 324.18 303.16
Maleic anhydride. . ........-- Cs+H:0s,2 74.036 —99.6 \ 344.9 334.4
CH:0sc | ceeeen —112.43 332.09 321.67
trans-Butenedioic acid CiH4O42 116.074 | —160.6 \ 352.2 331.2
....... ~193.75 \ 319.08 298.05

(fumaric acid) CsH4O4c




4-336

HEAT

TasLe 41-3. HEaTs or ForMaTION AND HEeATs oF
ComBusTION OF CoMPOUNDS OF CARBON (Continued)

Kecal mole™! at 25°C
Formula :
Substance name and E\I.Ol' —AH®
state weight
AHf°
l Gross Net
Carbon-Oxygen-Hydrogen, Hydroxy Benzenes
Phenol...................... CsHs0,g 94.114 —22.98 746.27 714.71
CeH¢O, e | .. ..... —39.44 729.81 698.25
2-Methylphenol (o-cresol)..... C:HO,g 108.141 —-30.70 900.92 858.84
C:HsO, e | ....... —48 .87 882.75 840.67
3-Methylphenol (m-cresol)....| C:H:O,g 108.141 —31.53 900.09 858.01
C:HsO1 | ....... —46.28 885.34 843.26
4-Methylphenol (p-cresol)..... C:HsO.g 108 .141 —20.90 001.7 859.64
C:HsO,e | ..., —47 .61 884.01 841.93
2-Ethylphenol............... CsH100,g 122.168 —34.7 1,059.3 1,006.7
CsHiO,l | ... ..., —49.91 | 1,044.07 991.48
3-Ethyphenol................ CsH,00,g 122,168 —36.9 1,058.1 1,005.5
CsHioO,1 1 oL —51.21 | 1,042.77 990.18
4-Ethylphenol............... CsH100,¢g 122,168 —34.4 1,059.6 1,007.0
CsH100c | ... ..., —54.63 { 1,040.35 987.76
2,3-Dimethylphenocl CsHi00,g 122,168 —37.6 1,056.4 1,003.8
(2,3-xvlenol) CsHi100, e 1 ... —-57.65 | 1,036.33 983.74
2,4-Dimethylphenol CsH100,g 122.168 -38.9 1,055.1 1,002.5
(2,4-xylenol) CsH100,1 | ... ... —54.67 | 1,039.31 986.72
2,5-Dimethylphenol CsH100.g 122.168 —38.6 1,055.4 | 1,002.8
(2,5-xylenol) CsHiOe | oL ... —58.94 | 1,035.04 982.45
2,6-Dimethylphenol CsH100,g 122,168 - —38.7 1,055.3 1,002.7
(2,6-xylenol) CsH160e | ....... —-56.73 | 1,037.25 984 .66
3,4-Dimethylphenol CsH100,g 122.168 -37.4 1,056.6 | 1,004.0
(3,4-xylenol) CsHi0e | ....... —57.91 | 1,036.07 983.48
3,5-Dimethylphenol CsH100,g 122.168 —38.6 1,055.4 | 1,002.8
(3,5-xylenol) C:sHieOe | ... ... —5R.41 | 1,035.57 982,908
1,2-Dihydroxybenzene (pyro- CeHeO2,g 110.114 —65.0 704.3 672.7
catechol) CeHeOoe | ..., .. —84.4 684.9 653.3
1,3-Dihydroxybenzene CesH6O0,g 110.114 —65.7 703.6 672.0
(resorcinol) CeHeOze | ..., .. —87.95 681.30 649.74
1,4-Dihydroxybenzene (hydro- | CsHsOo,g 110.114 —-65.9 703.4 671.8
quinone) CeHeOse | ....... —87.35 681.90 | 650.34
Benzyl aleohol............... C:Hs0,] 108.141 —38.41 893.21 851.13
a-Hydroxy-a-phenylaceto-
phenone (benzoin)........ C1sH1:0:,c¢ 212.251 —59.21 !1,667.39 ] 1,604.28
Carbon-Fluorine and Oxygen
Tetrafluoroethene......... . .. (OF) P E 100.016 | —155.0
Hexafluoroethane......... . .. CoFe g | 1388.013 | —316.8
Carbonyl fluoride. . .. .... ... . COF,g ! 66.007 | —151.7
|
Carbon-Hydrogen-Fluorine
Difluoromethane........... .. CH:F.,g 52.024 | —106.8 86.2 80.9
Trifluoromethane. ........... CHF3.¢ 70.014 | —164.5
1-Fluoropropane............. CsH:F,¢g i 62.088 —66.8 585.1 453 .5
|
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Kcal mole™! at 25°C

Formula ol
Substance name and Ty —AHC®
state weight \
AHf°
\ \ Gross \\ Net
|
Carbon—Hydrogen-Fluorine (Cont.)
|
9_Fluoropropane. .. ....«c--+* C3H:F,g ; 62.088 —68.6 483.3 451.7
Perfluoro-n-heptane.......... CiFiel ‘ 388.052 | —808.2
Perfluoroethyleyclohexane..... CxFiel 388 .052 | —789.5
Perfluoromethylcyclohexane. .. CqFisl k 350.056 | —692.8
Fluorobenzene. ..........«--- CeH:F g ' 96.105 —-27.09 738.64 | 717.61
CeH:F\] | B —35.36 730.37 709.34
1,2-Difluorobenzene. . ... CoHiFag | 114.006 | —68.95 | 693.27 682.75
CsH4Fsl \ ....... _77.60 | 684.62 | 674.10
1,3-Difluorobenzene. . .......- CsHsFog | 114.096 —72.00 690.22 679.70
CeHFal & oovees —80.94 | 681.93 | 671.41
1,4-Difluorobenzene. ......... CeHiFog | 114,096 | —72.03 690.19 | 679.67
CeHiEF:1 b —R80.54 681.68 671.16
4-Fluorotoluene.............: C:H:F.g 1'110.132 —34.65 893.45 861.89
CH-Fl .ooen- | —44.07 | 884.03) 852.47
m-Fluorobenzotriﬁuoride ...... C/H:Fsg  164.104 —186.77 730.78 730.78
C:HsF 1 [P —195.84 721.71 721.71
Benzotriffuoride. .....oovvens CsH:Fsg  146.113 —141.08 779.99 769.47
CH:Fsl 1 ....... —150.06 771.00 760.49
1
Carbon-Oxygen—Hydrogen—Fluoriue
m-Fluorobenzoic acid........- \] C:H:0:F,c 140.115 \, —138.46 721.32 700.29
o-Fluorobenzoic acid.... ...+ \ C:H:0:I ¢ 140.115 | —135.00 724.78 703.75
Carbon-Chlorine and Oxygen
| i i
Tetrachloromethane (carbon ‘1 CCls,g  153.823 } —-24.6 69.5 69.5
tetrachloride) ‘\ CClg,l P | —32.37 61.68 61.68
Tetrachloroethene. ........««- C:Clyg | 165.834¢ | —3.6 184.5 184.5
Hexachloroethane, triclinic.... C:Cls.g ! 236.740 ‘ -35.3 152.8 152.8
C.Cls,c | P i —49.4 138.7 138.7
Carbonyl chloride (phosgene). . COCla,g 98.917 -52.3 41.8 41.8
Carbon-Hydrogen-Chlorine
I
Chloromethane. ........c..- \ CH3sCl,g ! 50.488 t —19.32 177.20 161.42
Dichloromethane. ........---- | CH.Clog | 84.933 | —22.10 140.27 | 129.75
CH.Cl,1 L —29.02 133.34 122.82
Trichloromethane. . «......--- \ CHCls,g . 119.378 \ —24.65 103.56 98.30
CHCls,1 \ ....... —-32.14 96.07 90.81
Chloroethane. ... ... «ovvorove C.H,Clg  64.5151 -— 25.5 333.4 307.1
1,2-Dichloroethane..........+ C:HiClag | 98.960 \ -31.1 293.6 272.6
C:HClo,1 ‘ ....... i —39.6 285.1 264.1
1-Chloropropane. .. ...-«---+- CsH:Clig | 78.542 —31.2 490.1 453.2
C:H.Cl,} \ ....... —38.2 483.0 446.2
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Formula
Substance name and ui\eli(g)lﬁt —AH®
state AHf°
Gross Net
Carbon-Hydrogen-Chlorine (Cont.)
2-Chloropropane............. C:H:Cl,g 78.542 —32.9 488.4 451.5
C:H:CL1 | ....... —39.2 482.0 445.2
2-Chloro-2-methylpropane. . . . C:H.Cl g 92.569 —43.0 640.6 593.3
Chloroethene................ C-H;Cl,g 62.499 8.1 298.7 282.9
1,1-Dichlorocthene. .. ........ C2I1:Clo,g 96.944 0.3 266.7 246.2
C:H-Cl,1 | ....... —-6.0 250.4 239.9
Chlorobenzene............... CsH:Cl,g 112.560 12.5 747.6 721.3
CeHsCLI - ....... 2.5 737.6 711.3
o-Dichlorobenzene............| CeHiClsl 147.005 —4.4 696.5 675.5
p-Dichlorobenzene ......... .. CsHyCl,,1 147.005 —10.1 690.8 669.8
m-Dichlorobenzene........... CesHiCl2\l 147.005 —4.8 696.1 675.1
Carbon-Fluorine-Chlorine
Fluorotrichloromethane. ... ... CFCla,g | 137 .369 —86.
CFClsl | ... ... —-72.02
Difluorodichloromethane. . .. .. CF:Clyg {120,914 | —114
Trifluorochlorometharne. .. .. .. CF:Cl,g i 104.459 | —166
Carbon-Bromine. and Oxygen, Hydrogen, Fluorine, and Chlorine
Tetrabromomethane (carbon
tetrabromide)............ CBrs,g 331.647 19 113 98
Carbonyl bromide............ CoBr.,g ; 187.829 —-23.0 71.1 63.7
COBr,,l e —30.4 63.7 56.3
Bromomethane............ .. CH;Br,g 94.944 —-8.4 188.1 168.6
CHiBr,l ¢ ....... —14.1 182.5 163.0
Tribromomethane.......... .. CHBrs,g 252.746 4 132 116
CHBrsdl | ....... —6.8 121 .4 105.1
Bromoethane............... . C:H:Br,g 108.971 —14.8 344.1 314.1
C-H:Br! 1+ ....... —21.56 337.3 307 .4
1-Bromopropane....... ... .. C:H:Br,g 122,998 -19.9 501.4 460.8
C:H:Br,1 b oeienens -27.5 493.7 453,2
2-Bromopropane............. C:H:Br,g 122,998 —22.7 498.6 458.0
C:H:Br,! i —29.9 491.3 450.8
Bromoethene............ . ... C:H;Br,g | 106.955 18.7 309.3 289.8
C:H;3Br,1 Do 13.3 303.9 284 .4
Bromobenzene............ . .. CeH;sBr,g 157.016 27.2 762.3 732.8
CsHsBr,l | ....... 16.5 751.6 721.6
Trifluorobromomethane. .. . . .. ; CEF3Br,g 148.915 | —153.6
Trichlorobromomethane. . . . . . ’l CCl:Br,g | 198.279 —11.0 83.0 79.4
Carbon-Hydrogen-Iodine
Iodomethane.............. .. CH;l,g 191.940 3.1 199.6 176.4
CH:lI,1 P, -3.7 192.8 169.6
Diiodomethane.............. CH.l.g | 267.836 27.0 189.4 163.9
CIIods,l D e 16.0 178.4 152.9
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Formula

Kecal mole™! at 25°C

Substance name and M.°1' —AHc®
state weight
AHS°
Gross Net
Carbon-Hydrogen-Iodine (Cont.)

Trijodomethane.........coave CHIs.ec 393.732 33.7 161.9 134.3

9.Iodo-2-methylpropane. ..... C:Hsl,g 184.021 —-17.2 666.4 611.6

1,2-Diiodoethane........c...- C:Hilxg 281.863 15.9 340.6 304.7

CaHiloe | voeevnn 0.8 325.5 289.6

Todobenzene. .....oeeeseesons CeH:l,g 204.011 40.5 775.6 741.8

CeH:IL | covvenn 29.0 764.1 730.3

Carbon-Oxygen-Sulfur
Carbon oxysulfide..........o.. COS,g 60.075 \ —33.96 ! ....... 131.04
Carbon-Hydrogen-Sulfur, Alkanethiols and Cycloalkanethiols
Methanethiol (methyl CHS, ¢ 48 .107 ~5.34 351.57 275.25
mercaptan) » CHsSIL Lo —11.08 345.83 269.51
Ethanethiol ... ....oovivavein C:HeS,g 62.134 —-11.01 508.27 421.42
, C:HeS.1 1\ ....... —17.59 | 501.69 | 414.84
1-Propanethiol......... .ot C:;H:S,g 76.161 —-16.21 665.44 568.07
CsHsS1I ) oo —23.86 657.79 560.43
2-Propanethiol..... N C:;HsS.g 76.161 —18.21 663 .44 566.07
CsHsSI | «oeine —25.29 656.36 558.99
1-Butanethiol.......ooovvnn CsHio3,e 90.188 —21 .05 822 .96 715.08
CsHiSL | coeen —-29.78 814.23 706.35
9-Butanethiol.......coovvvenn C:HioS.g 90.188 -23.15 820.86 712.98
CsHioSI | vovvenn —31.29 812.72 704 .84
2—1\'1ethy1-1-pr0p£methi01 ...... CasH103,g 90.188 —23.24 820.77 712.59
CiHiwSL | ooiine —31.54 812.47 704.29
2-Methyl-2-propanethiol. .. ... i CsHioS.g 90.188 —-26.17 817.84 709.96
i CaHpoSL 1 e —33.56 810.45 702.57
1-Pentanethiol.....c.cveevees I C:Hi:S.g 104.215 —25.92 980.46 | 862.06
C:HiaS1 | ooeeeen —35.74 970.63 852.23
3-.\’1ethy1-1-butanethiol ....... CsH128,g 104.215 —27.45 978.93 860.52
2-Methyl-2-butanethiol. ... ... C:Hi:8.2 104.215 —30.31 976.07 857.67
CsHi2S,1 | oevven —38.85 967 .53 849.13
Cyclopentanethiol............ CsHioS,g 102.199 —11.46 926.60 818.72
CsHiwoS1 ] covvees —21.39 916.67 808.79
Cyclohexanethiol........ov.ve CsHi:S,g 116.227 —22.95 | 1,077.48 959.08
Carbon-Hydrogen-Sulfur, Thiaalkanes, Dithiaalkanes, and Thiacycloalkanes

2-Thiapropane (dimethyl C:HeS,g | 62.134 —8.96 510.32 | 423.47
sulfide) C.HeS,1 L —15.62 503.66 416.82
O-ThiabULANE .. v veerneeennnes C:HSg | 76.161 | —14.24 | 667.41 570.04
CoHS1 | eeovnes _21.88 | 659.77| 562.40
2-Thiapentane............--- CsHioS,g 90.188 —19.54 824.47 716.59
CiHiS1 | veevres —28.19 815.82 707 .94
3-Thiapentane......ceceeeeee- C:H1S,g 90.188 —19.95 §24.06 | 716.18
CaHi1oS,L | ceceene —28.50 815.561 707 .63
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Keal mole™! at 25°C
. Formula Mol
Substance name and oy h —AH
state weight
AHf°
Gross Net
Carbon-Hydrogen-Sulfur, Thiaalkanes, Dithiaalkanes, and Thiacycloalkanes (Cont.)
3-Methyl-2-thiabutane. ....... CiHi1eS,g 90.188 —21.66 822.35 643.52
CiHwSI | ....... —29.81 814.20 635.37
2-Thiahexane................ C>H,:S,g 104.215 —24.43 981.95 8363 .54
CsHiS1 | ....... —34.16 972.22 853.81
3-Thiahexane................ CsHi08,g 104.215 —-25.01 981.37 862.96
C:Hi:S1 | ....... —34.59 971.79 853.38
3,3-Dimethyl-2-thiabutane. . . . CsHi1:8,g 104.215 —28.88 977.50 8569.09
) CsHi-S,1 | ....... —37.44 968.94 850.53
4-Thiaheptane............... CeHi4S,g 118.242 —29.98 | 1,138.86 | 1,009.94
CsHusSI | L. ... —40.76 | 1,127.98 999.06
2,4-Dimethyl-3-thiapentane. . .| CsH1sS,¢ 118.242 —33.89 11,134.85 | 1,005.93
CeHisS,1 | ... ... —43.33 1 1,125.41 996.49
5-Thianonane................ CsHisS,g 146.297 —40.02 | 1,453.46 | 1,303.50
2,3-Dithiabutane............. C:HeSs, 2 94.198 —5.74 639.77 497 .64
CoHeSol - | ..., —14.91 630.60 488 .47
3,4-Dithiahexane............. CiH10S2,g 122,252 —17.82 952.42 789.25
CiHioS:1 | ... ... —28.71 941 .54 778 .36
4,5-Dithiaoctane............. CeH14So,g 150.306 —28.01 | 1,266.97 | 1,082.76
CsHiS1 | oL, —40.56 | 1,254.42 | 1,070.21
Thiacyeclobutane............. C:HeS,g 74.145 14.59 627.92 541.08
CsHeSI1 | ....... 6.01 619.34 532.50
Thiacyelopentane. ... ........ CsH;:S,g 88.172 —8.20 767 .50 670.13
CH.S1 | ....... —17.48 758.22 660.85
2-Methylthiaeyclopentane. . ... C:Hi0S,g 102.199 —-15.16 922.90 815.02
Thiacyclohexane......... . ... C:H:oS,g 102.199 —15.16 922.90 815.02
CsIlieS,1 | ....... —25.38 912.68 804 .80
Carbon-Hydrogen-Sulfur, Miscellaneous
Cyclopentyl-1-thiaethare. . ... CsH,:S,g l 116.227 —15.46 1,084.96 966.57
Benzenethiol (thiophen. ... .. CsHeS,g 110.179 26.94 922.42 835.58
CeHsSI | ..., 15.30 910.78 823.9
Thiophene (thiofuran)........ CiH:S,g 84.140 27.78 666.85 590.52
CHsSI | ... .. 19.49 658.56 582.23
Carbon-Hydrogen-Nitrogen, Amines
Aminomethane (methylamine) | CH;N g 31:058 —5.49 | 259.35| 233.05
CH:NI | ..... .. —11.3 253.5 227 .2
Aminoethane (ethylamine)... .| C.H:N,g 45.085 -11.0 416.20 | 379.39
C:H-N1 | ....... -17.71 409 .49 372.68
1-Aminopropane (n-propyl- CsHoN,g 59.112 -17.3 572.3 524.9
amine) CsHoN,L | ....... —24.8 | 564.8 517 .4 .
1-Aminobutane (n-butyl- CsHuN,g 73.139 | —22.10 | 729.84 | 671.98
amine) C:HuN]1 | ....... —30.53 721.41| 663.55
2-Aminobutane (sec-butyl- CiHuN,g 73.139 | —24.9 727.0 669.2
amine) CHuN1 | ....... —82.88 | T19.06 | 661.20
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Kecal mole™! at 25°C

Formula

i |
? l
I
| |
| |

Methyl nitrite. .. ..o .o CH;0:N,g 1 01.0411 —16.

Mol. '
Substance name and weight 1 — AHc®
state : '
| AHP :
' ! ‘ i Gross | Net
| l | ! |
Carbod-Oxygen-Hydrogen-Nitrogen (Cont.)
2-Amino-2-methylpropane C:HuN,g | 73.139 1 —28.65 i 723.29 665.43
(tert-butylamine) CaHuNI | ....... | —35.95 | 715.99| 658.13
Dimethylamine.............. C:H:N.g 45,085 | —4.5 | 422.70 385.89
) C-H:N,1 | ....... | —10.50 | 416.7 379.89
Diethylamine................ CsHuN.g 73.139 . —17.3 I 734.64 676.78
CHnND | | —24.79 | 727.15| 609.29
Trimethylamine. ............ CsHoN,g } 59.112 ¢ 5.70 | 583.87 536.54
C3HoN,L | oo i —10.94 , 378.063 531.30
Triethylamine............... CiHi:N.g 101.193 | —23.8 [1,052.9 974.0
CeHi:N,I 0 .o i —32.07 | 1,044.60 965.71
Aminobenzene (aniline)....... CsH:N,g ¥3.129 ¢ 20.76 | 824.17| 787.35
CeH:;N,1 { ....... i 743 810.84 774.02
! : !
Carbon-Hydrogen-Nitrogen, Cyanides
Hydrogen cyanide............ t HCN,g 27.026 32.3 \t 160.5 155.2
HCNI | ... . 26.02 154.23 148 .97
Cyanamide........... ..o CH:N2ac 42.041 141 \ - 176.5 165.9
Ammonium cyanide.......... NHiCN,e¢ l 44 .056 0.10 ‘ 230.78 209.74
Acetonitrile. . .....o.nnionn C.H:N.g | 41.053 21.0 | 311.6 | 295.8
C.HLNA oo 12.3 | 302.9 | 287.1
Acrylonitrile.....oovii i CsHsN,g I 53.0064 44.2 | 428.8 404 .7
% CaH3N 1 l ....... 35.9 . 420.5 413.0
Carbon-Hydrozen-Nitrogen, Cyelic Compounds
! ! ! |
Pyrrolidine ................. CMN.g | 71.123 . —0.86  682.76. 635.43
{3HeN Lo i -—9.84 ! 673.78| 626.45
Pyridine.. ... (5HsN.g ‘l 70.102 | 33.50 . 674.54 648.24
1 CsHsN,I [ oo l 23.89 1 664.93 638.064
6-Aminopurine (adenine)...... | C3HsNsg | 135,120 0 48, | 689. 663.
| C3HsNs.c } ....... i 23.2 l 664.2 637.9
2-Picoline................... i CsH:N,g L 93.129 23.65 | 827 .06 790.24
| CsH:N1 I 13.50 | 816.91| 780.09
3-PicOline. .« v ee e | C:H:N,g | 93.129 25.37 | $28.78| 791.96
. CsH:iN.1 R | 14.75 ¢ 818.16 781.34
! i ; 1 !
():u'bou-Oxygen-Hydrogen-Nitrogen
! i |
Ammonium formate.......... | CHs0:N.¢ | 63.057 | —135.63 129.2 102.9
Ammonium bicarbonate. . ..... CH4O:N.c 79.056  —203.0 61.8 35.5
Ammonium cvanuate........ .. i CHsON:c \ 60.056 —72.75 157.9 136.9
Methyl nitrate....ovvvevon CH:O:N,g | 77.040 ;, —29.5 166.7 150.9
D CHs0ND | —38.0 | 158.5 | 142.7
5} ‘ 180.0 164.2
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Formula Mol
Substance name and e h —AHe®
state welght
AHf°
Gross Net
. Carbon-Oxygen-Hydrogen-Nitrogen (Cont.)
Nitromethane............... CH;0:N,g 61.041 —17.86 178.66 162.89
CH:;0:NJ1 | ....... —27.03 169.49 153.72
Nitroethane................. C:.H;0.N,g 75.068 —24.2 334.7 308.4
CoH;0-N1 | ....... -33.9 325.0 208.7
1-Nitropropane.............. C:3;H:0:N,g 89.095 —29.8 491.5 454 .6
CsH:ON,1 | ....... —40.15 481.11 444 .29
2-Nitropropane. . . ........... Ca:H:0.N,g 89.095 -33.5 487 .8 450.9
CsH:O:N1 | ....... —43.3 478 .0 441.1
1-Nitrobutane............... C4H,O:N,g | 103.122 —34.4 649.2 601.9
CsHsO:N1 | ..., —46.03 637.59 390.26
2-Nitrobutane. .............. C4HsO:N,g 103.122 —39.1 644 .5 397.2
CsH O:=N,1 | ....... —49.61 634.01 586 .68
Trinitromethane. ... ......... CHOsN3,1 151.036 -5.1 123.1 117.5
Formamide.................. CH;0ON,1 45,041 —60.7 135.8 120.0
Urea. ... i i CHON ¢ 60.056 —79.38 151.10 130.06
Aminoethanoic ac¢id (glyeine)..| C:H;0:N,g 75.068 —04.4 264.5 | 233.2
C:Hs0:N,c | ....... —128.4 230.5 ; 204.2
pL-2-Aminopropanoic acid |
(pL-alanine)............. C3H:0:N,¢c 89.095 | —134.7 386.6 349.7
L-2-Aminopropanoic acid C3H:0:N,¢g 89.095 | —101.0 420.3 383.4
(L-alanine) C3H:O:N,e | ....... —134.5 386.8 349.9
Carbon-Nitrogen, and Hydrogen, Chlorine, Bromine, Iodine, and Sulfur
Methyvlamine hydrochloride...| CHsCIN,e 67.519 -71.20 227 .8 196.2
Trinitrochloromethane........| COsCIN;,l] 185.481 -5.6 88.5 88.5
Cyanogen bromide........... CBrN,g 105.927 44.5 138.6 134.9
CBrN,e | ....... 33.58 127.63 123.93
Cyanogen todide. . ... ... ... CIN,g 152.922 53.9 148.0 140.5
CIN,e | ....... 39.71 133.8 126.3
Thiourea.................... CH SN ¢ 76.120 -21.1 335.8 259.5
Ammonium thiocyanate...... CH.SN.,c 76.120 —-18.8 338.1 261.8




