
















































































Table VI . Calorimetric combustion experiments for trialkylamines 

Expt, Total Mass 6e2 6Rc Q qi qn we 
No. of CO2 (28°C) 

g. j/obm ohm j j j j 

Trimethylamine 

1 1042013 11.9 0.185157 26086.4 36.3 38.7 3.9 
2 0.92595 5.5 00120955 17040.3 36.2 48o5 4.2 
3 2.28447 23.1 00297663 41940Qi 37o0 98.o 3.2 
4 2.31427 24.4 0.301545 42487. 36.7 99.7 3.2 
5 1.12783 804 0.147100 20124.1 37.0 37.0 4.1 

mean 
Standard deviation of the mean 

Triethylamine 

1 2022825 15.7 00261943 3690506 4608 35.7 23.3 
2 2.21io1 16.0 0.267478 37685.5 48.1 35. 8 23.6 
3 2.28 22 16.1 0.269229 37932.2 55.7 3508 23.8 
4 2.21951 16.2 0.261270 36810.9 49 .0 36.7 2,.3 
5 2031690 16.0 0.272515 38395.2 55.6 38.4 2 .2 

mean 
Standard deviation of the mean 

-!JUO 
(28°c) 
j/g CO2 

18291.2 
18307.i 
18296. 
18296.9 
18305. 5 

18299.8 
±300 

16515.1 
1652i-5 
1652 08 
16536.i 
16520. 

16524.4 
±3.6 

v.) 

°' 
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bustion with each substance i n its thermodynamic standard 

s tat e . The thermodynamic standard state for the gases 

( oxygen, carbon dioxide, and nitrogen) is defined as unit 

f ugacity, while for liquids (wa.ter) the standard state is the 

pure liquid under a pressure of one atmosphere. fuere 
0 n-hexadecane was used as an auxiliary compound, ~u , the heat 

of combustion of the sample at 28°C, was calculated from the 

equation, 

~u0 (28°C) (sample) = ~u0 (28°C) (over-all-reaction) 

-AU
0 (28°C) (n-hexadecane). 

The heat of combustion of n-hexadecane , 6U
0 (28°C), was taken 

a s -10675.5 kj / mole 27 • 

--



V. DISCUSSION 

A. Conversion to Standard Conditions 

The values of ~u0
(28°C) were reduced to ~H°C(28°C) 

using the r e lation 

0 0 
Li H ( 28°C) = .6( PV) = 6U + 6nRT 

where PV is the pressure-volume correction a pplied i n con­

verting the reaction from constant voluum to constant 

pressure; An, is the number of moles of gaseous product 

formed minus the number of moles of gaseous reactants used; 

R, is the gas constant (8.3149 j/deg. mole), and Tis the 

abso lute temperature (301.16°K). The values of 6 H0 (28°C) so 

obtained were corrected to 25°c. The heat capacities needed 

for the me thylamines we~e obtained from short extrapolations 

of published low-temperature heat data (methylamine
28

, di-
29 30 

methylamine , trimethylamine ). The heat capacities for 

the ethylamines were estimated from the above data and from 

data available for the analogous paraffin hydrocarbon31 • 

Values for co
2

( f,as), N
2

(gas), and H
2
0(liq.) were taken from 

NBS Circular 500. 

The heat of combustion and the heat of formation r e­

ported for the liquid are for the general reactions: 

+ b/2 H
2

0 (liq.) + 1/2 N
2 

(gas ), ( 1) 

38 
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and 

aC (c, ~raphite) + b/2 H
2 

(gas)+ 1/2 N
2 

(gas)= 

( 2) 

The values us ed f or the heat s of vaporization for these 

compounds are summari zed in Tabl e VII. The heats of vapor-

. . f t' 1 28 d. h 1 29 t . th 1 3o d d. ization or me ny - , 1met y - , rime y - , an i-
. 32,33 . 

ethylamine were obtained from direct calorimetric 
34 measurements . These heats of vaporization for ethyl- , and 

· h 1 · 34 , 35 , 36 1 1 d . h h triet y annne were ca cu ate wit t e a pproximate 

Clausi s-Clapyeron equation from vapor pressure data. 

With the exception of trimethylamine and triethylamine, 

the entropy of vapori zation of these compounds at their 

boiling points is approximately 23 e.u. Trimethylamine has 

an ent r opy of vapor ization of 19. 9 e.u. and triethylamine 

20 .5 e .u. In addition, the boiling point of trimethylamine 

is somewhat lower than dimethylamine. This type of behavior 

may be ac counted for on the basis of association of the 

molecule s with one anot her in the li quid phase. Arbuzov and 
37 Katseva , t h ru the measurement of the parachor, have found 

that all pr i mary aliphatic amines are associated in the 

liquid phas e . The de gr ee of association decreases with 

increasing molecular weight. Of the secondary amines only the 

dimethylamine and diet hylamine are a ppre ciably associated. 

Tertiary amines are not appre ciably associated. The 

entropy of vaporization of trimethyl- and tri ethylamine 



Table VII. Heats of vap orization of the amines 

Boiling Point 6Hv 6Sv 6Jiv(25°C) 
OK kcal/mole e,u. kcal/ mole 

ammonia 239073 506 23.3 5ol 

methyl amine 266.84 6.2 23o2 5. 8 

dimethylamine 280o0~ 6.3 22o5 6.o 

trimethylamine 276.03 5.,5 19.9 5 ol 

ethyla.mine 289 .. 7 6.8 23.5 6.7 

diethylamine 328066 7°3 22 .. 2 7p6 

triethyla.mine 361.66 7,4 20.5 8 .. 1 

t 
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is c l os e to that to be expected for a non-associated liquid , 

in contrast to the other amines whi ch have the higher value 

charact eristic of associated liquids s uc h as NH
3

( 23 .28e. u.) 25 

25 
and H

2
0 (26.04e . u .) . Trimet hyl- and tri ethylami ne cannot 

easily form a hydro gen bond between the nitrogen a toms of two 

adja cen t molecule s in t he liquid , a s there i s no hydrogen atom 

dire ctl y attached t o a nitrogen atom to serve a s a r eady 

bonding atom. In additi on, thr ee aliphatic gr oups t end to 

shie l d t he nitrogen a torr:; obstructing any bonding . The other 

amine s have a readily avai lable hydrogen a tom to form this 

bond. Higher primar y and s e condary amines should be l ess 

asso cia t ed because of t h e s t eric shiel ding ef fects of t he 

la.r ~er alkyl gr oups. 

Using t h e heat s of vapori zat ion for the amines (Table VII), 

it i s pos sibl e t o obtain the heat s for the general rea ctions 

simi lar to (1 ) and ( 2 ) involving the gaseous amines . The 

heat s of combus t ion and t he heats of formation for both the 

liquid a nd t he ga s a re summarized in Table VIII. To calculate 

the he a ts of f ormation from the heats of combust i on, the 

va l ue s for the standard entha lpy of formation at 25°C of water 

l iq . ) a nd carbon dioxide (gas) of -68.317 and -94.054 kcal/ 

rrole 25 respe ctively , were used. 

B. Errors 

I n determining the uncertainty to be appli ed to the heat 

of combustion the f ol l owing have been taken into ac count: 

t he statist ical unce r tainty in the ca libration experiments, 
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Table VII I. Heat of combustion and formation of the a.mines 

Amine - 6U0 (28° C) -6Hg(25° C) -6H~(25°C) - fiH 0 (2_5°C) - 6H 0 f( 2_5°C) 
( liquid) (liouid) (liquid) Zgas) (liqui d) 
j/g CO2 kj /mole kcal/mole kcal/mo le kcal/mole 

methyl- 240.56.1 1060.83 253.54 259 .3 11.30 
±7.2 ±0.36 ±0.09 ±0 . 3 ±0 . 09 

dimethyl - 19769.3 1743.5.5 416.71 4.22 0 7 10 . 51 
±2.2 ±0.4.0 ±0.10 ±0 .3 ±0.10 

trimethyl- 18299.8 2421.04 578.64 583.7 10.9.5 
±3.7 ±0.63 ±0.15 ±0.4 ±0.15 

et hyl- 19420.9 1713.37 409.50 416.2 17. 72 
±5oO ±0 • .52 ±0.12 ±0.5 ±0.12 

diethyl- 17243.8 3042042 727.16 734.s 24.80 
±5o9 ±1.14 ±0.27 ±0.6 ±O o27 

triethyl- 16524. Lt 4370.69 1044.62 1052.7 32.02 
±3.6 ±1.14 ±0.27 ±0 06 ±0.27 

- 6H0 f(2_5°C) 
( gas) 

kcal/mole 

.5 . 5 
±0.3 

4.5 
±0 .3 

.5.9 
±0.4 

11.0 
±0.5 

17.2 
±0.6 

23.9 
±o.6 

+­
N 
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statistical uncertainty i n the combustion experiments, an 

uncertainty of O. 01% assigned to the value for the sample of 

benzoi c acid us ed , and an additional systematic error of 

0 0 1%. 
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Be cause the samples used were reasonably pure and the 

amount of reaction was determined by the wei ght of carbon 

dioxide evolved as a result of the combustion, traces of water 

have no measureable effect on the final result. Similarly 

t races of impurities such as the i someric and homologous 

amine s which have heats of combus t ion of the same order of 

magni tude per gram of car bon dioxide have only a second order 

effec t on the final heat of combustion. 

In determining the heat of formation of the gases, an 

error of ±0 .J kcal/mole was assigned to those heats of vapor­

i zation whi ch had been determined calorimetrically. Heats 

of vapori zation ca lcul ated from vapor pressure data were as­

signed an uncertainty of ±0. 5 kcal/mole. 

C. Comparison of Results with Previous Investigations 

The heats of combust i on of the simple aliphatic amines 

we re measured during the period from 1$81 to 1910 by 

J . Thomsen3$, M. Berthelot 39 , 40 , J. A. Muller41 , 42 , and 
43 . Lemoult • These results in general are not self-

consistent and the results from the various investigations 

differ rather markedly. The exper imental details are not 

r eported fully, except in t he case of Thomsen; temperatures 

of the experiru ents are not given, nor are calibration details 



repor t e d . The purities of the compounds used, completeness 

of the re a ction, and th e nature of the reaction products are 

n ot known. Thomsen measured the heats of combustion of the 

amine s in his "Unive r sal Burner". The amine was introduced 

44 

as a gas and burned in an oxygen -rich atmosphere. The amount 

of r eaction was det ermined from the carbon dioxide absorbed 

i n a standard base. Berthelot used a bomb in which the 

l iquid a mine was introduced in a weighed ampoule. The bomb 

wa s filled with oxygen at one atmosphere; the ampoule was 

br oken, and t he amine vaporized and burned as the gas. Lemoult 

and Muller used s ome modification of the method and a pparatus 

a s de scribed by Berthelot. In all of the se experiments it is 

highl y improbable that t he combustion reactions were complete. 

It may be suspected that car bon monoxide and various oxides 

of nitrogen were formed. No check was made for these com­

pounds . 

The data reported by Thomsen were corrected using the 

best present da ta for the molecular weight of carbon dioxide, 

pe cif i c heat of water, and for t he temperature of the 

r e a ction (all d at a were converted to 25°C). Lemoult had cali­

brated his apparatus with naphthalene, using a value for the 

he at of combustion of L}. H = -1238.6 kcal/mole. The data were 
C 

r e calculated using -1231.5 kcal/mole at 25°c44. Similar 

corrections were applied to these results given by Berthelot 

a nd Muller. The corrected values are summarized and compared 

with the results of the present investigation in Table IX. 
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Table I X. Heats of formation a t 2S° C for t he amine s in the ga seous s tate 

Amine Thomsenl Berthe lot2 , 3 Muller4 , .5 Lemoul t6 -ll- This Investigation* 
kcal/mole kcal /mol e kcal/mole kcal/mole kcal/mole 

methyl- - 607 - 3064 - 7 . 9 - 3 o0 -5.5 ±0o3 

dimethyl- -6. 9 +Oo 94 -lo 4 - 3o2 - 4.5 ±0.3 

trimethyl- -7o 4 +l.7 +4 .14 - 12 . 0 - 3o9 - 5 . 9 ±0 . 4 

ethyl- -10.9 -18 .1 - 16 . 9 - 11 . 0 ±0.5 

diethyl- -18o0 -27 ti6 - 23 00 - 11 . 2 ±o.6 

triethyl- -25.0 - 290 6 - 33 .1 - 23 . 9 ±0.6 

*Calculated from data on the heat of combustion of t he liquid. 

~ 
\J"I 
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D. The Average Bond Energy for the C-~i Bond 

The heats of formation of the amines may be used to 

calculate values for the bond energy of the C-N bond , as 

methyl and ethyl gr oups are substituted for the first, second, 

and third hydro gen atoms on the nitrogen atom in ammonia. 

The reaction 

5H(gas ) + C( gas) + N(gas) = CH NH (gas) 
. 3 2 

(3) 

involves the fo~mation of three C-H bonds, two N-H bonds, and 

one C-N bond . Similarly dimethylamine ha s six C-H bonds, one 

N- H bond , and two C-N bonds , and trimet hylamine nine C-H bonds 

and three C- N bonds. For the e t hylamines a similar situation 

exists with the addition of the C-C bond. The heat of re­

a ction (3), and the co rre s ponding reactions for the other 

amines , may be calculated us ing the values 52.089 kcal/mole 25 , 

171 .300 kcal/mole45 '
46

, and 112.95 kcal/mole45 , 46 for the 

hat of fo rmation at 25°C( a H0 f) of H(gas), C(gas), and N(gas), 

respectively, and the heat of formation for the gaseous amine . 
25 

The value for the (C-H) bond was calcula ted from methane to 

be 99 . 5 k ca l/mole, with the assumption that all the C-H bonds 

in methane a r e the s a me. The value of the N-H bond is known 

to differ, depending upon whether it is the first, second or 

third N-H bond on ammonia which is broken. The dissociation 

ene rgy ( ~8n) of the H
2

N-H bond is 104 kcal/mole
5

; that of 

N-H is 87 . 6 kcal/mole47. From these and the heat of formation 

of NH ga s the dis so cia tion energy -NH-His ca lculated as 
3 
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88.2 kcal/mole . With these and the value 79.2 kcal/mole for 

the C-C bond , calculated fro m ethane 25 , it is possible to 

obtain values for the C-N bond, first as methyl groups are 

substituted for the hydr ogens on the ammonia, and then as 

ethyl groups are substituted. The results are given in 

Table X. An example of this type of calculation is given in 

ppendix B. 
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It is observed that the first C-N bond is 5 kcal. stronger 

than the second or third. Moreover, the heat of formation of 

the second and the third bonds is essentially the same, differ­

ing by approximately one kilocalorie. The first C-N bond 

formed is the most stable bond; the stability of the C-N bond 

de creases as two and three are formed on the same nitrogen 

atom . 

In comparing the methylamines with the ethylamines the 

dissociation energies for similar C-N bonds differ by about 

3.7 kcal/mole. This difference may be attributed to the 

difference between the formation of the C-N bond with a prima­

ry carbon atom as in the methylamines and a secondary carbon 

atom as in the ethylamines. 

Energy Increment for -CH - Radical 
2 

In the reactions 

CH NH (gas)+ 2 0 {gas) 
3 2 4 2 

= CO {gas) + 2 H 0 
2 2 2 

1 
(liq.) + 2 N2(gas) ( 4) 



...-

Table X. The energy of dissociation for the C-N bond in the 
methyl- and ethylamines at 25°c. 

Amine D(C-N) Amine D(C-N) tiD( C- N) 
kcal/mole kcal/mole kcal/mole 

methyl- 75.3 ethyl- 79o0 3o7 

dimethyl- 70o4 diethyl- 74.4_ 4.0 
trim.ethyl- 69o0 triethyl- 72.4 3.4 

~ 
~ 
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and 

CH CH NH (gas) + lj O (gas) = 2CO (gas) + 
3 2 2 4 2 2 

2 H O(liq.) + 1 N (gas ) 
2 2 2 2 

( 5) 

it is evident that the reactions are the same with the ex­

cepti on of the presence in reaction (5) of an additional 

methylene group, -CH-. If the heats of the above reactions 
2 

a r e compared, and likewise the heats for the analogous re-

a tions between dimethylamine and diethylamine, in which two 

- CH
2

- groups are involved, and trimethylamine and triethyl­

amine, in which thre e -CH - gr oups must be considered it is 
2 
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ossible to obtain a mean energy increment in the heat of com-

ustion , 6(~Hc), -155.5 kcal/mole per -CH
2

- group in the 

li1u id state at 25°C and -156.5 kcal/mole for the gas state 

nder the same conditions. 

Using the heat of combustion of methylamine (6H0 = 
C 

-253 -5 kcal/mole (liq.) ) and adding the energy increment 

uivalent to t hree -CH
2

- groups (6 (~H) = -466.5 kcal), the 

es imated heat of combustion for butylamine in the liquid 
48 

s ate is -720.5 kcal/mole at 25°C. Fairbrother and Evans 

have r eported a calorimetrically measured value of c:,. He = 

- 721 .4 kcal /mole for the heat of combustion of liquid 

- butylamine . Thus the heat of combustion of n-butylamine 

ma ybe estimated to about 0.1%. Conversely, the value for 

- butylamine may be used to obtain another va lue for the 
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increment , - 155 -9 kcal/mole, which i s close to the va lue re-
28 rorted for the hydroca rbons, -156. 24 kcal/mole • However, 

not too much we i ght can be given, at present, to this value, 

as the experiment a l deta ils of the determination have not been 

repo~ted . If the heat of combusti on of a still higher amine, 

in whi ch the ene r gy of addition of a -CH
2

- group is no longer 

a 1·fec ted by adja cent CH
3

- and NH
2

- groups, beco~es available 

it should be possibl e to make a final ad justment in the value 

or the energy increment fo r t he -CH
2

- group, which will make 

estimate s for ot he r amin e s more exact. In all probability, 

as the chai ns be come longer, the energy increment will become 

equal to t hat found for the hydrocarbons 27 • With the data 

obtaine d in th i s investigation and with the data compiled for 

the paraffin hydroca rbons, it is possible to estimate the 

heats of combu stion and formation for primary, secondary , and 

tertiary amines, for mixed amines, and for amines having side 

chain hydro carbon groups. 

To obtain reliable estimates of heats of combustion for 

arnjnes wi t h one or more secondary or tertiary alkyl groups 

a tached to the ami ne group, it will be necessary to measure 

he he at of combustion of compounds such as isopropylamine , 

bis( isopr opyl)amine, and tertiary-butylamine to determine the 

effect of the branched carbon chain on the C-N bond. Tertiary 

amines wi t h highly branched alkyl groups, such as tris(tert-

. utyl ) amine , should have cons iderably steric strain , and the 

C- N bond should be much weaker. The data reported here, 

howev er, s hould give reliable estimates for the simpler amines. 
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The heat s of combustion of the following amines were 

meas ur ed in t he li quid state with a bomb in an isothermal 

jack ~t ed cal or imeter; met hylamine, dimethylamine, trimethyl­

amine , e t hylamine , d i e thylamine, triethylamine. The purities 

of these co mpounds were determined from measurements of time-

e mpe r a tur e fr ee zing curves . Those compounds which indicated 

an init ial purity of l e ss than 99 .0% were further purified 

by fracti onal crysta llization. The results obtained for the 

s tanda rd heat of combustion ( AH0 c) , in the liquid state at 

25 °c and c onsta nt pr e s sure are: methylamine, -253.54±0.09; 

dima thylamine, -hl6.71±0.10; trimethylamine , -578 .64±0.15; 

~t hylamine , -409.50±0.12; diethylamine, -7 27 .16±0.27; tri­

e t hylarnine , -1044. 62±0. 27 kcal/mole . From these data and 

the heats of vaporization obtained from other sources it 

was pos s i ble to calculate the heat of formation of both the 

1·quid a nd the gas state . 

Using the above data it was possible to calculate an 

enerey i ncrement in the heat of combustion (- t, (D> Hc) ) of 

155 .5 k cal/mole per -CH
2

- group for the liquid state at 25°C 

and 1 56.5 kcal/ mole for the gas state under the same con­

di t i on s . This compares favorably with the value 156.24 kcal/ 

mole f or the liqu i d state which has been obtained from a more 

extensive study of the paraffin hydrocarbons. Comparison of 

v alues obtained by calculation with experimental measurements 

f or n- buty lamine in the liquid state leads to results which 

51 



a~ree to within 0 .1%. 

Values calculated for the C-N bond indicate that the sta­

bili ty of the C-N bond decreases as the number of carbon bonds 

on the nitro~en atom inc ease. In addition the C-N bond 

becomes stronFer by approximately 3.7 kcal when the carbon in 

the C- N bond is changed from a primary to a secondary carbon. 

52 



APPENDIX A. 

C1-1.LCULATI ON OF A TYPICAL COMBU STION ~XPERI MENT 
( ·, thylamine i'xperiment No. 4) 

1. Ca lculation of Corre cted Temperature Rise 

.t 
20 

R 
0 

,,.. = (R20- 't0) 
...;10 20 

3 0 

::; = ( R60 - R 40) 
50 20 

0 10- 50 = k 
1 50 - RlO 

R . 
.) 

l 6u = U 

A = Area 

0 . 096388 n 

0.084714 n. 

0.0005837 .R/min. 

0.317412 Sl. 

0.315169 Sl. 

0.0001122 .Q/min. 

0.002089 min. 

0 . 366972 0-

0. 0000063 9-/min. 

0.000101 Sl. 

1. 090952 SL/min. 

53 

Temperature a t the 
twentieth minute. 

Temperature at the 
zero minute. 

Rate of temperature 
rise , 0-20 minutes. 

Temperature at the 
sixtieth minute. 

Temperature at the 
fortieth minute. 

Rate of temperature 
rise, 40-60 minutes. 

Radiation Factor 

Temperature of calo­
imeter jacket. 

Energy rate due to 
stirring. 

Temperature rise due 
to stirring for the 
reaction period. 

Area bounded by 
T

20
, T

36
, temperature 

of the jacket, and 
reaction curve. Ob­
tained by numerical 
integration of R-t 
curve during the re­
action period. 



k ( ll.rea) ::: K 
0.002279Jl 

0.2164-01 .sl 

Energy due to radi­
tion during the 
reaction period. 

Corrected temperature 
rise. 

2. 
Q§.lcula tion of Ratio and Correction Factors for Ni tric 
Acid and the Iron Wire. 

Weight of bulb and sample 
W· eight of bulb 

Weig' 
nt of sample= s 

(Va 
cuum factor) x (S) = S' 

( co fact ) 
2 or x (S') = Theoretical CO 

2 

Weight 
before of carbon dioxide absorption tube 

the experiment 
Wei h 
aft g t of carbon dioxide absorption tube 

er the experiment 
We· 

l ght of CO absorbed= CO' 
2 2 

9-92812 g 

9.12898 g 

0.79914- g 

0. 80042 g 

1.56267 g 

6.33367 g 

/+.76973 g 

l.563 94 g 

(Vacu 
um factor) x (CO ') 

2 

Ratio::: co (A)/co 

= experimental C02(A) l.56378 g 

1.00071 g 

2 2 

Weio-ht of . n 
~ iron wire before combustio 

Weio-ht . 
~ of iron wire after combus tion 

Wei g ht . 
- of iron wire used = WF 

W e 
b ~o oo 6 . s of cali-.['e • 4 0 = Iron wire in exce~ . (W' ) 

bration bomb conditions Fe 

0.00490 g 

0.00000 g 

0.00490 g 

0.00030 g 
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75dO ) ( •J t ) 
· F == heat due to excess 

e iron wire (q'i) 
l 

- i + 34 . 5 == heat due to combustion of 
iron wire (qi) 

S? B j /meq . dilute HN0J x 

. ,!aOH x ml(NaOH ) == heat due to formation of 
nitric acid as a result 
of the combustion of 
N2 ( qn ) 

2.25 j 

J6.75 j 

l0J.71 j 

3 
• .Q_alculation of heat of Combustion ( 28°C) per gram 

.Qf Carbon Dioxide. 
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1 / 2 ( l + R ) == Rm 
20 36 0. 2058n. Mean temperature of 

the calorimeter 
experiment. 

- - 0 . 2179 == 

O.J693_q == 
36 

Deviation 

L • 6 ( R - 0 . 2179 ) 
m 

( Cv ) x (1•.1Iass of gl as s) 

Cv) x (Mass of sample) 

-0.0121 n. 

0.0541 n.. 

0.67 j/_rr 

-o. 54 j/n 

O.J8 j/_n_ 

22. 57 j/_rr_ 

Correction to cali­
bration mean 
temperature. 

Correction to cali­
bration final 
temperature. 

Correction due to 
any changes in the 
system. 

Correction to adjust 
mean temperature of 
the combustion ex­
periment to the 
calibration mean 
temperature. 

Correction for the 
glass used in excess 
of the calibration 
bomb condit ions. 

Correction due to 
the specific heat 
of the sample. 



e ( j oules) 
2 

s 

E + e = E' 
s 2 s 

( R ) ( E ' ) = Q 
C s 

qn 

q . 
1 

w 
C 

Q. 
J. 

Q. /co A 
J. 2 

Cv(0.3693-RJ6) 

u0 28°C/gco2 

23 .08 j/SL 

140875.92 j/_n__ 

140899.00 j/..fL 

30,490.68 j 

-103.71 j 

-36.75 j 

-7.01 j 

30343. 21 j 

19403.76 j/gC0
2 

0.11 j/gco2 

19403.87 j/gC02 

Summation of 
correction. 

Energy equivalent 
of standard system 
in ~oules per ohm. 

Corrected energy 
equivalent. 

Total energy due 
to combustion. 
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Co r rection for 
fo r mation of nitric 
acid. 

Correction for 
combustion of iron 
wire. 

Washburn correction. 

Corrected energy 
due to combustion. 

Heat of combustion 
per gram of co

2
• 

Correction to 
calibration final 
temperature. 

Heat of combustion 
at 28°C at constant 
volume. 



APP2:NDI X B. 

CALCULi:.TION OF TH• .t!,NZ~GY FOR THE C- N BOND FOR 

CH
3

NH
2 

AT 25° C 

The heat of a t omiza t i on of NH
3 

i s given by: 

NH
3

(gas ) = N( gas ) + JH (gas ) 

AH
1 

= £i Hf( N, gas) '45 , 46 + 3bHf(H, gas )25 

-6. Hf (NH
3

, gas )25 

DHl = 280.25 kca l/mole. 

(1) 

Success ive di ssoc i a tion energie s f or the N-H bonds are: 

NH (ga s) = NH (gas)+ H( gas) 
3 2 
~ H = 104 kcal/mole 5 

2 

NH( gas) = N( gas) + H( gas) 

A H
3 

= 87. 6 kcal/mole47 

NH
2

(gas) = NH( gas) + H( gas) 

D H4 = .6 H - .6 H - .o H 
1 2 3 

D H 
4 

= 88. 6 kca l/mole 

For t he rea ct ion: 

CH
4

(gas) = C( gas) + 4H( gas) 

AH5 = DHf(C, gas) 25 + 4c.Hf(H, gas) 25 

- 6Hf(CH
4

, gas) 25 
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(2) 

(3) 

( 4) 

( 5) 



I -

4 H
5 

= 397.54 kcal/mole 

From this the average dissociation energy for the 

C- H bond is: 

A H = 99. 39 kcal/mole . 
(C-H) 

For the reaction in which cH
3

NH
2

(gas) is formed from 

i s elements: 

5H(gas) + C(gas) + N(gas) = CH NH (gas) 
3 2 

..6. H6 = ..c. Hf(CH NH , gas) - 5Li Hf(H,gas)
25 

3 2 
- 4 Hf(C,gas)25 - 6 Hf(N, gas)25 

6 H
6 

= -549-74 kcal/mole. 

Methylamine contains three C-H bonds , two N- H bonds, 

ad a single C-N bond . 

.e::. H( C-N) = - AH6 + 3AH + AH + A H ( C-H) 3 4 

6 H(C-N) = 75.33 kcal/mole. 

( 6) 
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