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HEAT CAPACITY, HEATS OF FUSION AND VAPORIZATIOH,
ANJ VAPOR PRESSURE OF TRIETHYLBORANE,. (02H5)3B

by

George T. Furukawa

Abstract

The heat capacity of triethylborane, (CZH5)3B:. was de-
termined from 15° to 300°K, and the data were used to
construct a table of smoothed heat capacity, enthalpy,
entropy, and Gibbs free energy from 0° to 300°K. The

heat of fusion was found to be 11,854*100 abs j mole~l

and the triple-point temperature 180,3*0.5°K. The heat-
of-vaporization experiments at*300°K (56.27 mm Hg) yield-
ed 36,710+36 abs j mole~l., The results of the vapor—
pressure measurements from 275° to 365°K can be represented
by

loﬂlopmrmg = -2§226§229 ~ 7.0393186 longT + 28,64715,

The entropy of the ideal-gas triethylborane at 300°K and
1l atm was comprted from the results of the measurements
to be 439,1%0,8 abs j deg~l mole~l (104.9%0.2 cal deg-l
mole~1),

INEROTUCT ION

As a part of the program to obtain thermodynamic data on boron-
containing compounds, heat-capacity measurements were made on tri-
ethylborane, (02H5)3B, from about 15° to 300°K, Heats of fusien and
vaporization were also determined, The vapor pressure of the sub-
stance was measured from about 275° to 365°K, The data wers used
to obtain a smoothed table of heat capacity, enthelpy, entropy, and
Gibbs free energy from 0° to 300°K and to compute the entropy/of
the substance in the ideal-gas state at 1 atm pressure snd 300°K,

APPARATUS AND METHOZD
The heat capacity and the hea: of fusion were measured in an

adiabatic calorimeter similar to that described by R. B. Scott, et al.



[1]1. The oper=tion of the calorimeter was similar also to that out—

lined in this reference, The treatment of the observed data was de-
scribed earlier [2], which included curvature and vaporization correc-
tions wherever applicable, The heat of vaporization was determined
in another adiabatic calorimeter of a design similar to those de-
scribed by Osborne and Ginnings [3] and by Aston, et al, [4]. The
vaper wes removed isothermally by controlling a throttle valve while
electrical energy was'added continuously, The temperature of the
vepor was sensed by means of a nickel thermometer wound on the tube
between the throttle valve and theicalorimeter sample container, The
material was collected by condensation and weighed,

Vapor pressures were meagsured by means of an isoteniscope, A4ll
pressure readings were made to 0,01 mm Hg using a Wild cathetometer
and were converted to standard mm Hg (g = 980.665 cm sec~2, temper—
ature = 0°C) on the basis that the local gravity is 980,076 cn sec-2,

The International Temperature Séale (5] was used in all measure-
ments, except below 90°K where a provisional scale [6] was used based
on a set of platinum resistance thermometers calibrated against a
heliumr-gas thermometer,

SAMPLE AND ITS PURITY AND HEAT OF FUSION

The rgsults given in this report are based on the measurements
obtained with a second triethylborane sample, The first sample, al-
though considered highly pure, was found to be approximately 97 mole

percent pure according to the results of meliiage-point studies. The

1 The figures in brackets indicate literature references at the end

of this paper,
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seconc¢ sample wes prepared with even grester care, but it was found
“to be only 98 percent pure, Although this material is considered
to be quite impure for a substance generally used in thermodynamic
investigations, the urgency for thermodynamic information on this
substance prompted the calorimetric measurements in spite of its
relatively high impurity content,

About 200 ml of the material was obtained in a %break-sesl®
ampoule, The middle 100-ml portion of the sample was used in the
calorimetric measurements by vaporizing the first 1/4 of the original
200-ml sample into a flask, the next 1/2 into the calorimeter, and‘
the remainder into the flask, After transfer into the calerimeter,
the material was not raised above its triple-point temperature
(lBO.BfK) before the purity determination, The purity of the material
was computed from its equilibrium melting temperatures., The details
of the methoa are given in an earlier report based on the calorimetrig
studies of diphenyl ether [7]. The results of the measurements and
the computation are summesrized in table 1.2 The cryoscopic constant
used in the computation was 0.043 deg"l. The t riple~point temper-

ature, , was found to be 180.3+0.5°K.

Ttﬁ
The heat of fusion was determined in the usual manner by heat-

ing continuously through the triple-point temperature from a temper-

ature a few degrees below the triple-point temperature to' just above

2 The temperatures given in this table and subsequent tables were ob~-

tained from the relation °K = °C + 273,1600° and are probably accu-
rate to *0,01°K, Whenever temperatures are sxpressed to the fourth
decimal, the last two figures are significant only in the measure-

ment of small tempers=ture differences,
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it and by correcting for the premelting and the heat capacity. In
one series of measurements, however, the sum of various increments
of heat added in the region of the triple-point temperature was used
in the determination of heat of fusion, The heat-capacity correction
below the triple-point temperature wes based on the heat capacity
obtainea by the combination of sxtrapolation and of observed heat
capacitizs cvorrected for premelting. Ths resuits of the computeticn
are summarized in table 2, Because of the large uncertainty in the
heat-capacity corrsctioi. below the triple-point temperature and in
the prenelting correction at high impurity content, the heat of
fusion (11,854 abs j mole~l) obtained is probably in error by as
much as *100 abs j mole-1l,
HEAT CAPACITY

The results of the heat—capacity reasurements, obtained from
about 15° to 300°K, are given in table 3 and figure 1, After con-
clusion of run 2 a leak developed in the sample container which
necessitated the installation of a new sample container and ther-
mometer (§#1006754), The results given in table 3 following run 2
were obtained using the new container and thermometer, The results
of runs 2 and 4, which were made in the same £emperature range with
the two sample cdntainers, are in satisfactory agreement,

The observed heat capacities, because of the high impurity con-
tent, show premelting as low as 140°K, No obvious bump was observed

in the heat capacity below the triple-point temperature to indicate



significant amount of eutectic formstion., As th

&

nature of the syaten
or that of the impuritie: was unknown, the heat capacity between only
140°K and the triple-point temperature was corrected, and this was
done quite arbitrarily by the combination of extrapolation and pre-
melting correction, Thus, because of the uncertainties in the correetion, .
the heat capacity in this range of temperzture could probably be in
error by as much as 1 percent.
HEAT OF VAPORIZATION

The heat of vaporization wes measured at 300°K., The mass, n,
of material vaporized by the energy, ﬁ, is related to the molal heat
of veporization, AH;, by the equation:

au, =2 - mg (1)
where M isthe molecular weight (98.000), V the molal volume of the
liquid, and p the vapor prezsure, The experimental data and the
results of the computation are given in table 4, The valus for the
heat of vaporization (3@?10 abs j mole~l) is probably in error by
36 abs j mole~l,
VAPOR PRESSURE

Vapor-pressure measurements were made from about 275° to 365°K,
From about 335°K, the apparent vapor pressure increased with tine,
At 335°K the rate was zbout 0,03 mm Hg per hour, To minimize the
extent of decomposition in any vapor-pressurs observation, the sampls
was pumped at 0°C to eliminete volatile impurities and the apparatus

was heated rapidly to the desired temperature for measurements. This



procedure wae carried out on all vapor-presenre messurements ahove

350°K, Corrections were applied to the observed vapor pressures to
zero time based on the change of apparent vapor pressure with timse,
The results of the measurements can be represented by the equation,

10g 0 Ppaiig = 22 és |~ 7.0393186 logiyT + 28.64715, (2)

whose constants have been obtained by the method of least squares,
The observed values are compared in table 5 with this equation and
with the values obtainable from the equation,

1 = 23502.8 4 1,75 1 - 0,0180 14,5020 (3)
oﬁlOPmIHg T 75 oaloT . 9T + 5 ’ (3)

reported by Stoek and Zeidler [8] based on their vapor-pressure
measurenents,
DEXRIVED THERMAL PBOPERTIES

Enpirical equations were fitted to the experimental heat capacities
and deviations from the empirical equations were plotted on a large
scale, The heat-capacity values given in table 6 at equally spaced
integral temperatures were obtained from the empirical equations and
the large scale deviation curves. The values below 15°K were obtained
by extrapolation using a Debye function fitted to the experimental
heat capacities between 15° and 30°K.

The enthalpy, entropy, and Gibbs free energy values given in

table 6 were obtzined by evaluating the thermodynamie relations:

T T
(Hp~Hyo )=f ¢ dT + AH +f v(dp) ar, (%)
“r-foex satd. % AT yatd.
dT AHf
(Sq-Sgeg) = / satd, T T T, (5}
tp
(In the above equations, the terms in‘AH? were omltted for T<:Ttp.)
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and

T T
(F.~H...) = -/ (S ~S_,.)aT +/ v(ﬁl-g-) ar, (6)
TR0 0K A T 0K 0 AT ot

All symbols used have the ususl significance. The equations were
evaluated by numerical integration using L4-point lagrangian inte-
gration coefficients [9].

The experimental data were used to compute the entropy of the
ideal-gas triethylborane at 1 atm and 300°K. The results of the com-
putation are summarized in table 7, The gas imperfection correction,
which amounts to an almost negligible value, was obtained on the
assumption that the vapor can be represented by the Berthelot equa-
tion of state and that the critical constants of triethylborane are

the same as that of 3-ethyl pentane [10],

The author wishes to acknowledge his indebtedness to M,L, Reilly,
J. M, Averitt, and Rita P. Park for asgistance rendered in experimental
measurements and computations during the course of this investigation,
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Eouilibrium melting temperatures of triethylborane

Mole fraction impurity = 0.043AT; °K = 273.16° + °C

TABLE 1

Reciprocal T
of fraction
melted
1/F °K
17.63 174.1386
12,06 176,0687
8,14 . 177.4077
5.70 178.2291
L, 2k 178.72k5
[ 3.32 1790358
2,71 179, 2424
2,28 179,3886
1.84- 179.5465
1,54 179.6570
1,32 179,7418
1.16 179.8127
1.03 179.8871
0 180,32

Priple-point t=mperature, 180,3+0,5°K

Purity, 98*+1 mole percent

& Extrapolated




TABLE 2

Molal heat of fusion of triethylborane

Molecular weight = 98,000 triple-point temperature = 180,3°K
°K = 273,16° + °C

Temperature Beat Heat Fremelting He

Interval Input Capacity

°K abs j mole~l abs j mole~l abs j mole~l abs j mole-l
171.7337 to 13,176 1,893 531 11,814
182,6802
172,3696 to 12,788 1,508 574 11,854
181,3860
170 4664 to 13,657 2,226 k63 11,894
183,2866 E
mean 11,854

Standard deviationP 50

& sum of various increments of h

eat.

b Standard deviation as used here is defined as [}Edz/(n-ll]llz, where
d is the difference between a single observation and the mean, and n

is the number of observations,




TABIE 3

Observed molal heat Cgpacity of triethylborane

Molecular weight = 98,000; °K = 273,16 + °C

T Ceatd.® T T Csatg, T
B abs jose-tpalel ox | oF 2 ole=l ok
172,9362 235,41 2.,4049 | 90,8292 90,275 3.1933
175.1037 322,43 1.9301 | 95.4917 93.716 6.1318
176,7382 516,32 1.3390 [101.4000 98,427 5.6374
177.8184 918,20 0.8214 [107,7998 103,40 7.1621
1784768 1600,07 0.4954 [115,6186 109,71 8.4755
178,8802 2615,98 0.3113 [124,7692 116,98 9,8258
179,1391 3999.63 0.2066 [134,3384 124,53 9.3125
179.3155 5716,03 0.1462 [143,4097 133.48 8.8301
1794676 7984, 74 0,1579 [151,9079 143,72 8.1664
179,6018 11454,81 0,1105 [160,2951 158,04 8.6080
179,699 14957.,0 0.0848 [168,4844 185.27 77705
179.7773 17915.8 0.0709 [176.8778 1418,31 9,0164
179.8499 17054,2 0.0744 |186.6984 222,56 10,6248
181.2837 336.23 2,7931(197.2701 226,77 10,5185
184,5396 271,67 3.7188 [207, 7161 229,83 10.3736
188,2449 223,36 3.6918 |218,0346 231.97 10,2635
[ 191,9236 224,89 3.6656 |228,2566 233.32 10,1805
Run 3 ' 238,3994% 234,52 10,1050
15,9176 5.859 0.8105 [248,4687 235.47 10,0336
16.8378 6,916 1,0301(258,4656 236,37 9.9602
17.9390 8,065 1.,1721[268.8712 237,45 10,8510
20,5720 11,044 1.7693(190,2082 224,10 15.1002
22,3378 13,180 1.7621|205,.1327 229,22 14,7487
24,2216 15.564. 2,0056(219,7663 232,36 14,5186
26,2096 18,111 1.9703|234.8188 234,39 15.5863
28,3355 20,917 2,2816 |249,7351 236,06 14,2463
30,8420 24,176 2,7314-|264,6973 237.55 15,6781
33,7482 28,029 3.0809|280,1138 239.25 15,1550
36,9032 32,138 3.2293/290,5776 _2hko,60 5,7726

Lo,2636 36.410 34914 Bun 5

43,6847 40,665 3.3508[165.7345 170,25 9.4639
47,5694 45 b2 L 4185 |176.8765 1065 .29 12,8202
51,8028 50,471 4,0483]185,2180 221,85 3,8628
61,7737 61,744 4,8166(222,2767 232,76 7.9935
. 66,9096 67,164 5.4551(231,0110 233.9% 9.4752
72,1494 72,354 5.0246 [2L0 4524 235,20 9.,4076
772531 77.280 5,1828(249,8417 235.88 9.3710
82,2748 82,074 4.,86061259,1233 236,78 10,2786
87.2684 87,016 5.1265|269,3680 237.93 10,2108
92,2676 91.531 L,8720|279.546 238.89 10,1483
289.6575 240,34 10,0715

& Cgatd, 1s the heat capacity along the

saturation line,




TABLE 4

Molal heat of vaporization of triethylborane
at 300°K

Molecular weight = 98.000% °K = 273,16° + °C

Pressure = 56,27 mm Hg

MQ/m TV dp/aT AHy
abs j mole~l abs j mole~l abs j mole~l

36696 16 36680
36738 16 36722
36743 16 36727
36732 16 36716
36723 16 36707
mean 36710

Standard deviation® 9

& Standard deviationas used here is defined as [Zd.z"/'(n-l)]l/ 2 where
d is the difference between a single observation and the mean, and
n is the number of observations,



Vapor pressure of triethylborane

TABLE 5

°K = 273,16° + °C

™ P, obs p, cale p, Obs=calc P, So82
°X mm Hg mm Hg mm Hg mm Hg
Series 1
, 273.16 12,94 12,80 14 10,0z
273.16 12,92 12.80 .12 10,02
304,94 71.88 71.37 51 70,17
304,94 71.99 71.37 .62 70.17
295,22 ki 20 Ly 27 = 07 k1,61
295.24 by, 19 Li,33 - J14 41,65
299.95 56,34 56.13 .21 54,05
299,96 56,30 56.17 .13 54,08
315,00 113,07 112,60 M7 113,68
315,02 113,19 112.70 % .49 113,79
' Series II
315,02 111,34 112,70 -1,36 113,79
354,88 500,78 500,67 .11 L72,59
364,86 686,04 681,58 k46 609,54
364,85 685,27 681,37 "3.90 609.39
Series II1
273,16 12,60 12.80 - 420 10,02
273.16 12,68 12,80 - 12 10,02
289,48 32,80 32.78 02 29,70
289,48 32.92 32.78 o1l 29,70
306,39 76.39 76.39 .00 7549
306,42 76.43 76.50Q - 07 75,60
315.14 113,00 113,30 - .30 114,40
325.84 176.31 176.95 - 64 179.99
337.48 275.69 276,00 - 31 276.79
337.48 275.94 276,00 - .06 276479
Series IV
351.24 Lhdy 00 Lhd 77 - 77 426,80
351.24 - 444, 04 Ly 77 - .73 426,80

& Stock and Zeidler [8]
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TABLE 6

Molal heat capacity, enthalpy, entropy, and
Gibbs free energy of triethylborane

Molecular weight = 98,000; °K = 273.16° + °C

™ Ceatd, 2 (Hp-Hopex) (Sp=-Sgok) - (Fp~-Hpox)
°k abs J d.eg"1 mole~l abs j mole~l abs j deg~l mole~l abs j mole-l

0 0 0 0 )

5 0,7010 1.67 0.624 1.45
10 2,095 8420 1,476 6.57
15 L 943 25,07 2,807 17.03
20 10,37 62,9% 4,947 36,00
25 16.55 130,0 7.915 67.87
30 23,08 229,) 11,51 116,2
35 29,69 3609 15.56 183,.7
ks h2,29 721.4 24,56 383.6
50 48,35 48,1 29,33 518,2
55 54,13 1204, 34,21 677.0
60 59.78 1489, 39.16 860,.4
65 65,18 1802, b, 16 1069,
70 70,24 2140, 49,18 1302,
75 75.11 2504, 54,19 1561,
80 79.91 2891, 59.19 1844,
85 84,76 3303, 64,18 2152,
90 89.55 3739. 69,17 2486,
95 93.33 4196, 74,11 28Ldy,

100 97.31 4673, 79,00 3227,
105 101.2 5169, 83.84 3634,
110 105.2 5686. 88,64 Loés,
115 109,2 6222, 93.41 4520,
120 113.1 6777, 98.14 4999,
125 117.1 7353, . 102,8 5502,
130 120,9 7948, 107.5 6027, .
135 125,1 8563. 112,1 6577,
140 129,0 9198, 116.8 7149,
145 133.2 9854, 1214 77k,
150 137.5 10531, 126.0 8363,
155 141,.8 11229, 130,5 9004,
160 146,0 11948, 135,1 9668,
165 150.3 12689, 139.7 10355.
170 154,6 13451, 44,2 11065,
175 158.9 14235, 148,8 11797.
180 163.2 15040, 153.3 12552,
180,3 163.7 15089, 153.6 12598,
180.3 219,6 26943, 219.3 12598,
185 221,8 27981, 225,3 13692,

- 1} -




TABIE 6 (Cont,)

i Ceatd,® (Bp-Hgog) (Sp~Speg) = (Fp-Hpog)
°K gbs J deg~! mole~l abs j mole~l abs J deg~l mole~l abs j mole-l
190 24,1 29096, 231,2 14833,
195 226,0 30221, 237.1 16004,
200 227.6 31355, 242,8 17204,
205 229,2 32497, 248 .4 18432,
210 . 230.5 33646, 254,0 19688,
215 231.5 34801, 259.4 20971,
225 233.1 37125. 270,0 - 23619,
230 233.7 38292, 275.1 24981,
23 234,3 39462, 280.1 26369,
240 234,8 40634, 285.1 27782,
2L5 235.3 Lisio, 289.9 29220,
250 235.9 L2988, 294,7 30681,
25 236.4 Li169, 299.4 32167,
260 237.0 45352, 304,0 33675.
265 237.5 L8539, 308.5 35206,
270 238,1 L7728, 312.9 36760,
275 238,6 L8920, 317.3 38335,
280 239.2 50114, 321.6 39932,
285 239.7 51312, 325.8 L1551,
290 40,3 52512, 330,0 43190,
300 241 .4 54921, 338.2 L6532,

& Csatd, is the heat capacity along the saturation line,

- 15 =




TABIE 7
Summary of experimental molal entropy of triethylborane,

molecular weight = 98,000; °K = 273.16° + °C

abs j deg~l mole-l

Sy50, Debye extrapolation 2.8 .3
ASysg04, 180,3°» solid 150.8 * .3
AS, fusion 11,854/180.3 65.7 £ .6
AS380,3°t0 300°¢ liquid 7 118.9 * .2
AS, vaporization, 36710/300 | 1224 + ,1
A8, gas imperfectio;i 0.1

* A S, compression to 1 aim,. R 1n{56.27/760) -21,6
S, ideal gas at 1 atm and 300°K 4k39.1 * 0,8

- 16 -
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3, 1901, as amended by Congress in Public Law 619, 1950. These include the development and
maintenance of the national standards of measurement and the provision of means and methods
for making measurements consistent with these standards; the determination of physical constants
and properties of materials; the development of methods and instruments for testing materials,
devices, and structures; advisory services to Government Agencies on scientific and technical
problems; invention and development of devices to serve special needs of the Government; and the
development of standard practices, codes, and speciﬁcaﬁons. The work includes basic and applied
research, developm,tznt, engineering, instrumentation, testing, ‘evaluation, calibration services, and
various consultation and information services. A major portion of the Bureau’s work is performed
for other Government Agencies, particularly the Department of Defense and the Atomic Energy
Commission. The scope of activities is suggested by the listing of divisions and sections on the
inside of the front cover.

Reports and Publications

The results of the Bureau’s work take the form of either actual equipment and devices or
published papers an'£1 reports. Reports are issued to the sponsoring agency of a particular project
or program. Published papers appear either in the Bureau’s own series of publications or in the
journals of professional and scientific societies. The Bureau itself publishes three monthly peri-
odicals, available from the Government Printing Office: The Journal of Research, which presents
complete papers rei)orting technical investigations; the Technical News Bulletin, which presents
summary and preliminary reports on work in progress; and Basic Radio Propagation Predictions,
which provides data fér determining the best frequencies to use for radio communications throughout
the world. There are also five series of nonperiodical publications: The Applied Mathematics
Seriés, Circulars, Handbooks, Building Materials and Structures Reports, and Miscellaneous
Publications.

Information on the Bureau’s publications can be found in NBS Circular 460, Publications of
the National Bureau of Standards ($1.25) and its Supplement ($0.75), available Trom the Superin-

tendent of Documents, Government Printing Office. Inquiries regarding the Bureau’s reports and’
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