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In this peper the stendard Tree energy st E5° is onloulated for: the
 formation of furfural from d-xylose, the hydrogenstion of furfural to
form Purfuryl alcchol and pentsns 1, 5 diol, snd the hydrogenstion of
farfuryl slechol to form tetrahydrofurfuryl aleshol.

The standard fres energy at 25° is the free enerzy of formation of
cne mole of substance with the produets end resctants present in their
respective standard states. A pure liguid or solid is in the stenderd
state, Hydrogen gas present st s partisl pressure of one atmosphere is
in its stenderd state,
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the water. The thermomeber was placed in position, Neither the stirrer
nor the thermometer touched the bomb.

The stirring motor was started. Rapid hoat transfer is most de-
sirable lﬁaa combustion ¢elorimetry and the stirrer wus run as rapidly es
was possible without spleshing wster. The stirrer was sllowed to run for
& few minutes to insure thermal equilibrium between different psrts.
| The tempereture wes observed until the rise per minute had reached
& uwniforn rate. Then the reading of the thermometer for the preliminary
werming up period was taken st one minmute intervals for five minutes and
on the Fifth reading the firing switeh wes closed for three seconds. A
potential difference of 12 volts was secured by introducing sultable
resistence in the 110 volt elireuilt,

The thermometer was resd each minute while the tempersture of the
calorimeter wes rising. If datn in calorimetry sre to be eomparsble the
gwiaﬁ# of rise must be the sewe. In this work an offort wes made to adjust
the weight of charge so thet the meximm tempersture m reached in five
or six mimutes. The results of any other temporature rise were rejected.
To f£ind the rate of ecooling after the waximum temperature was reached

the temperstures wore recorded for five minutes.

The transfer of heat due to radiation must be determined by
eanlculation. Radiation was corrected for in this inmvestipgation by using
Dickinson’s wthad.{g) This method separates the heabing seried Into two
parts, the first 0.6 snd the last 0.4, The 0.8 puint is resched from one
to one end one-hall minutes after the firing. To determine the exact point

the temperstures wers talken st five second intervals during this half minube.



il

The temperature riss was fron two to three degrees so that the
final temperature was within one degree of the water jecket tempermture.
Under these eonditions t‘hé corroctions fer the hest gained or lost to the
surroundings is at & minimm,(8) |
| ?he bomb was taken out of the water. The oxygen prescure released
and the inside of the bomb inspected for unburned residue. If a liquid
wos to be burned In the bomb it was pleced in a smll Eriawer“i’mk,

- fitted with & rubber stopper having a medisine dropper passing through the
ecenter. The dropper was used te ﬁmm:t‘a*r the liguid to the sombustion pan,
and the weight of the llquid used was obtained by difference.

Calouletions

The stmndard sample of bengole sold wes used to Find the hest
eapaeity of the boxb and the calorimeber bucket. The apparent waber
eguivelent of the bordb wms oblained by subtracting the heat in celories
needed to produce the rime in tempersture of the weight of water used from
the heat produeced by burning the benszole asid. The difference was the heat
ebaorbed by the metal bomb and bucket,

The mamner of Tinding the ocorrect terperature rise is given below:

The hest produssd by combustion csused the temperature of the bomb and
‘the water in the oalorimeber bucket to rise sbove its surroundings. The
rise caused a loss by radistion., Conseguently, the temperasture increase
wes not gulte as ruch as it should have been. This effect wes minimized
by bhaving the tempersture of the bomd and the water In the ealorimeter bucket
lower then its surroundings befors the combustion. There were, therefors,

twe correstions o apply: the werning effect at the start snd the codling
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effect at the end. The method used by Dickenson mssupes that uwnder the
sonditions used in this investigation the absorption of heat is continued
during sixz-tenths of the total rise and that heat is lost during the re-
mainder of the rise in temperature.

In one determination the resding at firing wes 1.191%; in one
minute 2.77°% in one minute and five seconds, 2.80%; in one mimube and ten
m@a@h@m 3.00°; in five minutes s maximum wes reached et 3.868°. The total
rise was 2.677, Six-temths of 2.677° is 1.606°. When a rise of 1.606°
hed oecurred the reading was 2,797°. The time required for this rise was
neerly one mirmute end five seconds or 1,083 minubes. TFor 1.083% minvtes
the warming correction was edded end for the remainder of 3.917 mimutes
‘ ~the cooling correctlon was applied.

; In this debernination the average werning rete @mu. minute is
0.0046, This is multiplied by 1.083 and sdded to the initial, or firing
temperature, to give the vorrected initlel tempersture. The average
cooling rabte wes 0.0014, end this, times 3.917 added to the meximum ten-
perature, pives the corrected »awﬁﬁm w&ﬁ%&a%@* These data end the
caloulation of the heat of combustion for pentane 1, 5 diol based on these

data are used in the following sample valouletion:

Welght of iron ignition wire burmed = 0.0121 gm,
Weight of pentane 1, 5 dicl used = 0.8637 gm.



S

1*1628 2;3,%1 1.168 0,028 0046
‘1m . 5 w-—g-’w- - ﬁg

1.178 gverage a&mzaga g@w minube is 0,0046
1,182

1.187

1.19% firing temperature

2,77 '
1.083 2.80 time ot 0.6 of the %total rise
3.61 | |
3.81
3,88
3.968

3.588
3.862 sverage change per minute is 0,0024
3.8680 ‘
3.856

GRAN B UNR OREPEMO

Readistion eorrection:
Corrected Final Temperature = 3.868 + (0.0024)(3.917) = 3.877
0046)(1.083) = 1.196
2,687

Corrected Initisl Tempersture = 1.181 4 {0.f
Coryosted Tempursbure ﬁhmge

{temperature rise)(weight of waler + water agﬁimiﬁm of enlori-
neter) = (‘wﬁﬂ hest obtained)

{z.asx)(zmi) = ﬁ%a,? cals.
Hent of evmbustion of Lron wire = 18 eals,
6446,7-(heat of combustion of iron wire) = 8430.0 eals.

A8 = {(6430.0) 1 m‘

= 756,7 Eg oals. per mole Oy pentans 1, § diol
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Results

Table I gives the results of the stendardizetions. The water
sguivelent of the calorimeter was found to be 450 calories,

Table Il shows the resulis cbisined from burning furfursl. The
heat of combustion et constant volums was 558.3 kilogram ecelories per mole.

Table II1 comtaine the results obtsined for the heat of combustion
of pentene 1, 5 diol at consbtant volume. The walue was 752.3 kilogranm

‘eaiiﬂri.éﬁ per mole.



TABLE I

Heat of Conbustion Date.

Results of Standardisation of the Oxygen Bomb Calorimeter.

" Water Dquivelent of the Bomb

Bun 2
Bunmber

Equivalent
in caloriss

L I ]

-
.
»
=
i

Rom
Hunmbey

Eguivelent
in ealories

488

465
440
507
462
461

482

436
500
430
456

13
14
i85
18
17
18
19
20
21
22
23

Av. value =

431
as2
s47
466
432
415 -
416
459

432
428
450,0
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TABIE II

Hest of Combustion of

;. A8 o, Fumber

- ax N

A Hey

- I

550.0 &
563.3 &
540.8 7

% Qw W«ﬁw‘ gﬂtﬁ =

562.0
562.0°

568.3

TABIE 13X

Heat of Combustion of Pentsne

1, 5 diol

, P Run s
H ABC, &2 Humbey 3

A Ho,

752.0 4

782.0 Av, valug =

T48.0
756.6
7625
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Diagran I

The calorimeter used for the determination
of heat capacities.
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in order to keep the reslistance of the wire as constent as possible through
the tempersture range, The colil was vm:»md on tho eylinder, conted with
Bakelite vernish end baked on. Its resistance, measured by = whoatstons
bridge wes 16 ohms st 25°. The wires, F, were led into Lhe container
through de Khotinsky Mnt and were soldered to the heating coil., The
wires of the thermoslement, &, were brought inte the system in the same
manner end tha }aimmt wes soldered to a small flet piece y-cf gopper which
was fastened to the velorimeter by serewing a mut onto s bolt soldered to
the bottom of the csmi:a&ﬁw. The thermoelement was mede of No. 31 com-
stanten and No. 28 copper wires, The junctions were mede by fusing the
wires together. The wires selseted were tested for homogenelty by passing
them through 4 U~tubs kept in liguid air. No electromotive force was pro-

betwoen different parts of the wire, The thermoslement was protected

from atmospheric corrosion by coating the entire length of the wire with
gmim varnish, |

ﬁw thermoelement was eged by alternately cooling in liquid eir
ang mng to room bemperature. It was calibrated at the boiling point
of water, ®1) the transition polmb of sodiun sulfate, 32.38%(21) the
fce point, the freesing point of mercury, =38.87°C(21)} the sublimation
point of cerbon dioxide, ~78.47°(%) and the beiling point of liguid
 oxygen, ~182. 08518} thnege polate gave o straight line dovistion Cran
the Iﬁtemtiml Critioal %aifzrle walues ;fﬁﬁ |
: ti‘im mnti&}. created by the ‘ﬁharmlm was meagured b:;r nEeNs
éi’ & Leede and Northrup student potentionmeter and a typs P galvanomster,

which hﬁéﬁﬁmisny wound movable coll designed for use with a thermo-
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The High Tacuum System €onnected to the Calorimeter and the
Vacuum Flask Surrounding the Calorimeter.
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the standardization over the two ranges. The standsrdizebions were made in
the menner deseribed below.

In mekins e determination the Imner container or calorimeter can
was Tirst filled with the compound end surrounded with e orushed ice
mizture. The top was then fitted on and soldered into place using licod's
metal alloy as e solder end & solution of three parts sine chloride and
one part ammonium chloride as & flux., The parts %o be scldered were kept
woll tinned with ordimery solder. The tempersture was kept low to prevent
the decomposition of the compound,

& small vent hole in the top wes soldered lest so that no air
pressure could be built up in the containsr, Records wers kept of the
welight of meterial used end of the weight of the container end solder so
thot if the weipht of solder and ¢alorimeter were not the seme as in the
calibration 8 correction could be applied in caleulsbing the results.

The heating wires were then soldered on end the thermoelement
attached., The celorimester wes then suspended from the outer container
and placed in the outer Jacket. The ocover of the outer jacket was soldered
while the body of the conteirner wes held in watbter se thet the tempersbure
of the inuner conbainer would not be ralsed excessivdly. A piece of glase
tubing was cemented into the monel metal tube by means of de Khotinsky
cement. This glass tube was then sesled o the low pressure gystem. The
apparatus wae then tested for leaks. When a pressure of 0.1 micron was
meinteined, the cooling mixbture was placed around the outer container,
Hydrogen was slowly admitted %o the apperatus end the calorimeter allowed
to cool. Hydrogen was used becsuse it is & good conductor of hest and

pstablishes temporature squilibrium rapidly. It will not condense at
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the agwmw&nwﬁg over the two renges. The stendardizetions wore made in
the mﬁﬁw@w desoribed below.

~ In meking e determination the imner container or calorimeter can
was first filled with the a@wﬂmﬁ and surrounded with s orushed ice
mixture. The top was then fitted on snd soldered into wﬁwam_ using Wood's
metal alloy as a solder and a solution of three parts zine chloride and
one pert ammonimm chloride as a flux. The parts to be soldersd were kept
well tinned with ordinsry mmw%ﬁ. The tempersture was kept low Yo provent
the decomposition of the compound.

4 smell vent hole in the top was soldered last so thet no air
prassure ,ﬁﬁwm be built up in the conbaliner, Records were kept of the
weight of materiasl used end of the weight of the container and solder so
that if the welight of selder and easlorimeter were not the same a8 in the
calibration & correction could be mpplied in celeulsting the results.

The heating wires were then soldered on and the thermoelement
attached. The calorimeter was then suspended from the ouber container.
and placed in the outer jacket. The cover of the outer jacket was scldered
while the body of the conteiner was held in weter szo thet the tempersture
of the inner contminer would not be raised excessivély. A plece of glass
tubing was cemented into the monel mebal tube by means of de Ehobinsky
sement. This glass tube wes then sesled %o the low pressure system. The
apparatus wae then teested for leaks. When a pressure of 0.1 micron was
maintained, the cooling mixture was pleced % the outer container.
Hydrogen was slowly admitted %u the apperatus and the calerimeter allowed
to eool. Hydrogen was used because it iz & good condustor of hest and

establishes temporature equilibrium repidly. It will not sondense st
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Caleulation of Heat Cepmciby

In the determination of heat vepanity for use in the caleuletion
of the entropy it is neesssary to kmow the actual heat capseity for esch
temperature inerement of sbout 10 or 15 deprees, beacuse
the slope of the heat cepscity plotted spainst tempersture is differemt
for each compound snd varies at different temperatures and for compounds
such as these cannot be ealeulated by any equstion.

The potentiometer readings were in mierovelts. They were changed
to absolube temperstures by means of a large chart on which one divieion
emasmﬁé to 0,1 depree.

The formule used for finding the heab input in ealories is:

{hest in naIarias} = {watts){seconds ){conversion faotor electricsl
mrgy %o ealories)

 Heat ixz uaiwiax = ﬁg (t){0.2388)

*s%?wre R is the resistance of the haatixag eoll

t is the time in seconds

0.2388 is the sonversion factor from electricoal

enorgy Yo heat in calories
The conversion factor was caleulsted from the date of Southard end Bricke
wede{34) one gram calorie at 15% equals 4.1833 intermational joules. In
the celeulstions the time interval wes usually 300 secconds or a little
longer. A esleulstion will illustrete the mothod, The date are for fur-
f‘ury}. aimhsl. PFrom 7:23 to 7128, & six minube time interval, the tem~

pereture chenged from 161,0%K to 176.0°K, & differe

 of 167, the voltage
dm;z was gonstant at 7.500 mim, s&atztﬁ%&ag in the Wﬁm
{6)(80)(0.2388) = 305.%

‘Hest input In celorles = . 2,
‘The avorsge temperature was Iﬁﬁ.ﬁ%. The gontainer and solder weighsed
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1.02 times as mich as when oalibrated and the calibration curve at 168.5
degrees gives the value of five calories per degree for the comtainer,
Then the heat capacity of the container is (1.02)(5)=5.1 calories. The
-~ heat mgaired to reise 'éhﬁ thta;imr and ﬁfaﬁkén% ong degree is
ﬁ%ﬁﬁ = 20,22 calories, Subtract from this the hoat required to raise the
| }ﬁantaimr one degres, 5.1 valories. Then 15.12 ealories is required to
raise the furfuryl alechol ome degree. There was 0.7148 mole of furfuryl
alechol present in the sontainor, The molel heat cepacity at 168.59% is
%5—%%%3 = 21.2 eslories. |
Results
Tables IV to XIII give condonsed data for the heat capmcity of
furfural, furfuryl alechol, tetrabydrofurfuryl i&h&k&}, pentane 1, 5 diol
and é~xy}aéé* v | :
 The significance of the mmbers iﬁ: the respective coluans les

1. Absojute temperature of the oalorimeter at the start of a hesting period.

Z. Abgolute temperature of the calorimeter at the end of the seme heating
pﬁrimi,& : |

8. The time interval in minubes.

4, The temperature increment.

5. The woltege areg aerogs the heating coil.

‘6. The celories reguired to reise the combaiver end compound one degree.

7. Calories required to relse the container one degree.

8. Heat capscity of the compound in oalories per mole per degree.



TABLE IV
Condensed Table of Heat Capscity Date for Furfural

Outer container surrcunded with liquid ailr
Pregsure = 0.1 micron
Hols fraction = 0,.768%8

Temp'

gtart "

Temp,

tino

Time  Temp. Volts  Calories Calories for

interval increase drop per degree container

. Calories per

mole -

108.8

125.6
140,86
154.,4
167.4
- 183,7
181.8

126.8
140.86
154 .4
167.4
181.5
184.1
218,7

18.8 7,500 16.12 3.68
15.0 7.500 16,88 4,20
13.8 7.800 18,32 4.63
13.0 7.600 19.47 5.04
14,1 7,600 21,80 5.57
10.4 7.800 24,30 6.72

38.2 7.800 26,45 7.77

16.2
16.5
18,0
18,8
20,7
22.0
24.3




TABIE V

Condensed Table of Heet Cepacity Date for Purfursl

80lid cerbon surrounding the container

Pressure = 0,01 nicron
Hole fraction = 0.735

T Temp,  Temp., Time " Wemp . Tolts ™

start time interval increase drop

Calorics

Tolories for
sontainer

Talories per

mole

AR fuﬁimﬁsﬁﬁ = 3434
240.2 271.8 10 31.8 10,000
281.8 274,28 6 12.6 10.000

ver degree ;

34,34
36,80

lo,02
18.00

29,18
52,15




TABLE VI
Condensed Table of Heab Capecity Datae for Furfuryl Alechol
Outer conbainer surrounded with liquid sir

Pregsure = 0,1 miovon
¥ole frechbion = 0.7143

Womp,  Temp. . Time  Temp. “Wolts . Uslories  Calories for GCalories per
start time interval increase drop per degres containey . mole’

111.0 132.0 21.0 74800 14.44 3.67 15.1

1320  147.0 15,0 7.500  16.86 4.18 17.8
1470 161,0 14.0 7,500 18,07 489 18,8
18,0 176.0 16,0 7,500 20.22 5.0 2L.2
176.0  190.0 14.0 7.800 21.65 .02 219

205.4 214.5 4.9 74800 27.16 8.16 26.6




TABLE Vv II
Condensed Table of Heat Capacity Date for Furfuryl Alcohol

Outer aontainer surroundsd with golid carbon dioxide
Prassure = 0,1 nioron
Hole fraction = 0,709

Terp. Temp.  Time “Temp, Volts Calories Calorica for
shars tine intervel increase drop per degree sontainey

Talorlos per
mole

210.7 222.0 & 11.3 7,750 28,87 7404
185.1 241.2 15 46,1 10.000 29,15 7.54
A H fusion, . . = 8540 calories / mole |

258.3 267,.2 4 8.8 10,000 40,03 12.08

87.6
30.8

-ge=



TABIE VIII

Condensed Table aﬁ‘ Heat Capasity Data f‘cx' Ta bra-
hydrofurfuryl Aleahol

Quter contaeiner surrcunded with 11qum alr
Prossure = O, 1 miermx :
¥ole fraction = 3.633.0

gtard

“Tenp.

time

Time

Yemp,  Volts —Relorlon T Talevice ToF

meml increase  drop = per degree eontainer

“Taiories per

mole

98,2
124.6
159.3
148.0

178.2
1977

124.6
139.8
148.0
178.2

197.7
217.8

B
B
.

1

10
11

26.2 7,700 16.27 3,4
18,32 7,700 18,12 3.7
28,2 7.700 51.2 4,9
8,500
9,000
19*5 ' th 53433 5;5

20.1 g,000 36,58 8,0

20.4
22.9
82,13
41.7

42.7
43.6
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TABIE X
Condensed Teble of Heat Cmpacity Date Por Pentane 1, 5§ diol

Outer container surrounded with liquid el

Prosours = 10,0 mierons
Hole fraction = 0,1%64

stard

Tevp,  Cime Temo. Volts

time interval increase drop

Calories

Calories for

container

Cals,

det.

Cala. per
mnole

92.6
176.6

109.1 B 15,8 5.000
221.8 0 44.9 7,000

per degree
7454
12.8)

Geb
7.5

28,8
32.6

26.8
39.6




TABIE X1
Condensed Table of Heet Capasity Dats for Pemtanme 1, § diol

Outer conmbtainer surrounded with solid carbon dioxids
Prossure = 0,1 microm
¥ole frsction = 0.1452

Temp.  Temp.  Time o Tenp. T Yoits aalm-i.ws Calories for  Calories por
start time = - interval inerease drop per degree container mc‘s‘lza=

156,53 215.8 11 10,8 4,.80C 12,68 6,86 40.1
4,500

. A‘K ﬁmitmg 48 = S759

286.6  253.0 1 5.8 8.000 19.96 1332 47.08
7.000

271.0 303.1 i 2.1 7,000 21.9 15,88 50.0




TABLE XII
Cendensed Table of Heat Capacity Deta for d-Xylose

Outer container surrcunded with liguid eir
Pressure = 3.0 miorons
Hole freection = 0,1827

start

" Temp.  Time Temp.,  Volts  Calordes  Caelories for Cals,
tine inberval incresse drop per degroe container det,

‘cals, per
mnole

95.8

185,82 8 29,4 5.500 5,56 5.4 18,2

13.2

-28-
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One set of reference deta is used for aliphetis compounds such as d-zylose
and pentens 1, § diol and ancther set is used for eyelic compounds. In
this caloulstion furfural, furfuryl slechol and tetrahydrofurfuryl elochel
were clascsed as oyvelic compounds. A and B are consbants, the constants
ere found for each substance by teking the experimentally determined Cp
velues for each substance at two temperstures as 110K and 120%K. These
values, with the walues for ‘egﬂ' and the temperstures, are substituted in
two equations.,

In one equation the Cp value at 110°, Cp® fer the olsss of
substence at 110°, and the temperature (110°) sre substituted. In the
second eguation the Cp value at 120° is substituted with corresponding
values for Cp° end T. The two equations ars solved simultansously to
gecure the values of A end B.

tp = (& + BT)JCp® by ;‘% pives

- 0 14 ,

inteprating and considering A snd B as constants

90 » 30 S0
%ﬁ‘ﬁ = al cpPat & m| Cplat
0 o 0

Ordl , then substituting 48 fu; 9L pives
0 o

ginee A8 =




45

40

Cals/mole/degree)
W O
o) &

N
Ul

(

N
®)

Heat Capacity
Gl

O

! ! T
?
Graph
| Heat Capacity of Furfural | |
I Extrapolated ; - -
portion of curve 3 . *
i ; :
* ;
|
« P {
| | | [ i
| -~ |
: j . @ ’,1’ !
| | A |
;' ! i :
o <3
! ! ?
3 @ C0s Fun 1 |
: 5 02 Run 2 - ]
' |
: /b/( ® Licuid Air Run 1 !
& i O Licuid 4ir Rug 2
| | X/,g/ X| Liruid kir Rud 3
| | > O Sxtrepplated-from kel
% § 2O8 "X/K and Parks and T “fman
; ! ’@—’ equatipn.
| | _&r
: f ,ﬂf
; »
s
—
, .
&
W | | |
! I 1
O 0 40 60 80 {00 120 140 160 [BO 200 220 240 260 280 300

Absolute Temperature



N

Graph 2

N
o

Y
O

Heat Capacity of Furfuryl glcohol

w
(O}

--—Extrapolated
portion of curve

SN
O

o
o

() Cd)g Run No. 1
@ C0o Run No. 2 |
O Licuid Air Run 1

«\C\K

™
O

&

X X Tr‘%fjn"lﬂ Lir Bun.2
@ Ligquid Air Run 3
© Extravolated from

Kﬂ%lly, Perks & |

4 Buyffmants em
i Pk > P
I

Heat Capacity ( Cals/mole/degree)

O

?

i
40 60 80 100 120 140 160 180 200 220 240 260 280 300
Absolute Temperature



50 ;
Sranh 3
45 . S -
| | Heat Capacity
| - Tetrahydrofurfuryl Alcohol
§4O | === Extrapolated

5é9
S

portion of curve
| f :

|
4

W
Q

e ]

N
o

_____ T S L . } i ‘ : ‘ .
» H | | @00~ Rom 2

Licuid Air Run 1

Ligquid Air Bun 3

&

®
® Liguid Air Run 2
X
©

FxtTEpolated from
Kelly, Parks & ‘
Huffman's eguation.,

Heat Capacity (Cals/mole/de
™
ot

O

O le

O

G

20 40 60 80 100 120 140_160 180 200 220 240 260 280 300
. Absolute Temperature

D Tyem



Q1
9}

o)
)

O

A
Graph 4
Heat Capacity I | 1 7 a
of Pentane [,5 Diol —
-~--Extrapolated - e

portion of curve /

&)

O

als/@ol@éd@gr%@)

n
01

><}/[§l

(C

™
O

COZ Bun 1
€02 Run &
Tiowid Alir [Pun 1

Gl

Ligunid Air Run 2
Ligpid Air Run 3
Extrapolated by using

o Kelly, Parlds & Imffman's

B
X
OB OGr>O®

O

Heat Capacity

O

equation,

G0 80 100 120 140 160 180 200 220 240 260 280 300
Absolute Temperature

-0%-



N
1

/degree)
~
o

W
Ul

{ﬁmolz
O

n
oL

N

®)

Heat Capacity(cals
o)

O

. T 1 T ! ] l '
. | | | | |
| L emams
‘ ! | | i i | :
R SRR PR NN S B ‘ ! o S
. | f . A— I | |
‘ t ! | | o f ‘
- Heat Capacity of d-Xylose | § | | ‘
I . % | # «
---Extrapolated B i B S — A
portion of curve | ;
i :
| f
i — ] - S S _ P A
| | ! s
} | / |
| y'd CTQA —
| ;
N ll _ i
|
I | i I
| ® C0p Ruml ?
| | g 00y Run2 |
; | @ £0y—Fun-3 + : s
| 4 fUp Tun 4 1 |
| x [iquid Air Run 1
; | i O Liquid Air Run P @
ji ' ! o) xtrapalated hy%nq‘«ng ‘f ]
; o ' ; | Kelly, Harks, & Fuffman's
s : ‘ equation, { ‘
/'q?‘ ! ‘ ‘ i ]
‘ ..ﬂ.-,wl ; - ; ; : T
| | | | | |
’ : : : : z : ! i
. . i { :
: } i

20 80 100 120 40_ 160 180 200 220 240 260 280 300
Absolute Temperature

Ty Fy—



200

270

2b0o

s
M
| »
| e
o0
B RN
S s &
ﬁm p OW
Nt e
\ ~+—
w3
\ 0
w ION1)]
IR RS
I
on \ 5
-2
ol
) o
O
.*.;]!- )
i
w_
\ o
_ #.—#—l . =
N
A
@
_ [ ANLIB
Q
3 S



The equation for finding entropy 48gp # 8890

wdGm

Where A8y, = entropy at 90°

0

+ B (0
Ii%y“&?

433@ = entropy of the stendard substance st 20°,

0 ‘
gﬂp@é‘;{‘ = the walue of which was obtained by Eelly, Parks,

and Huffmen by graphical integration,

TABLE XIV

& and B are consbtanba,

— TR

o to
90’9

as

Holal

%;93?13@ $298.16°

Furfurel 14.60
Furfuryl alochol 13.58
Tetrabydrofurfuryl ale.
Pentane 1, 6 diol 15,16
d~xyiose

12.62
10.27
10.81
18.76

7.50

24.98
27.65
41.61
42,91
26.80

52,10
51.50
52.42
76.82
34.30

The change in entropy in the formation of e compound wes found

by subtracting the sbsolute entropy wslues for the elements in each come

pound from the molal entropy.

TABLE XV

Compound

(iiolal _ (Sum of the
entropy) sbsolute entroples) = 45

Furfursl

Purfuaryl aleohol
Tetrehydrofurfuryl aleohol
Pentene 1,5 diol

D-zylose

52410
51.80
52.42
76.82
34.2

£ 2

e

-

109.56
125,16
187.62
218.85
224.4

- B7.45
- 73.66
-136.20
-142,03
=190.1
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Caleulation of the Free Energy of the Compounds
The eguation AF = AH - TAS was used to caleulate the

free snergy of each compound. The data on heat of combustion were taken
from ‘m&r-iau.(%}{m} The hest of formation was caloulated by eon-
sidering the values for the heat of combustion of carbon Lo carbon dioxide
o be 94.24 Kilogram caloriss per mole and the value for hydrogen 88.31
¥ilogrem vslories per mle.{%} Teble XVI gives the wvalues of members of
this equation for each compound.

TABLE XVI

 Compound AHpos.16%k =~ T48z05 369k  AF298.16%%

Furfural - 47,820 + 15,536 - 31,984
Furfuryl alechol - 67,130 + 21,965 - 45,168
Tetrahydrofurfuryl alc.-103,260 + 40,320 - 62,930
Pentene 1, 5 diol -105,060 + 42,345 - 62,715
D-xylose 235,760 + 57,000 ~178,750

Celeulations of the Free Energy Change for the Formation of One lole

of Substense at 25% With Hydrogen Present Under s Partial Pressure of

One Atmospheres

The free enorgy deorsase oceurring in the formetion of furfural
from d~xylose is

Cs Hyp Og > Cg Hg Op + SHpO
dexylose Purfursl Hater




il

AR d-xylose = =-178,750 cals. AF furfursl = « 31,984 osls.,
AF water (5 moles)= -169,680 cals.(26)
~201,664 cals.

Subtracting the left member from the right memt

201,664 cals.
~178,750 oels.
| - 22,914 oals..
gives the free smergy changs for the formstion of one mole of furfursl
from d-xylose.

The free energy change for furfural hydrogenated to furfuryl alochol is

C4BSCH0 + By ———  CgfigCR0H

AF furfuryl alechol = -45,165 cals.
AF furfural = ~31,984 eals.
The free energy decrease from furfursl to furfuryl alochol is 13,181 cals,

The free energy change for hydrogenasting furmryl alcohol to tetra-
hydrofurfuryl sleohol is CgH CH,0H + 2Hp y  CqBvCHeOH
AF tetrahydrofurfuryl alechel = -62,920 cals.
AF furfuryl slcohol = ~45,165 eals.
- =17,756 cals.
The free energy change for hyﬁwgmﬁing furfaryl alechol to tetrahydro-
furfuryl alechol is  -17,756 cals.

The free energy produced by hydrogenabting furfursl %o pentans 1, B
asol is CoHgls + tl% ey CpHy205
furfural pentany 1, § dicl
AF psntene dlol = 63,7156 cals.
AF furfural = ~31,984 cals,
The free energy change is 31 #7381 eals.
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DISCUSBION

Pectors Affecting Accuracy

Heet of Combustion

The factors affecting accuracy were messurement of the temperaturs
change, stirring of the ealorimetric liquid snd heat tranefer between the
ealorimeter and jacket, These were minimized by ruming the determinations
in exactly the same msnner as the standardization. The weipght of water
used in & determination, which wes lmown to sbout e gram, would ceuss an
srroy of less than one part in two thouvssnd,

The Beol

wnn thermometer was graduated in hundredths of a degres
and the btempersture was resd to three decimal pluces by estimeting the
legt figure. Parallax was elininated by using a special thermometer lems,
The thermomster was tapped befors sech reading to prevent sticking of the
merocury. The error in reeding the thermomeber wes sbout 0.002%, “hen the
ohange in temporeture waa 2.5°, this would be an error of one part in 1250,
The open bucket malkes eveporation and syi&ahing; an unceriain fector. The
woter equivalent of the bomb was found to be the same as the manufscturerts
equivalent. Brodie and Jmings{%} found & higher welue, ealories (470),
but the bomb contained additional eguipment when they were using it.

The value for the heat of combustion of pentene 1, § diol was
752.3 Kilogram calories. A oheck by caloulsting the heat of cembustion
of this compound by the method proposed by Kharasch is in%sreﬁﬁing.{m)
The walue calculnted by his method was 756 Kilogram calories which is in
fair agroenent congidering the approximete mm of Kherasch's method.
The heat of combustion of furfural was found to be 558,53 Kilogram calories
. por mole. The value found by landrien was 559.8 Kilogran calories.(:®)
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Heat may leak into or out of the epperstus in three ways. FPirst,
the leak through the wires snd silk thread. This wes acecounted for in the
calibration of the epparatns. Second, the effect of radistion which was
sliminated in the same manner, at low tempersbures it iz low snd is
minimized by heving all surfeces bright and shining. Third, conduction
by the ges. The effect of gas pressurs on hest oonductivity is more im-
portact then is comonly supposed, Eaudssn'™) hma shown hat at low
prossures conductivity is directly m;mr‘hil to the pressure of the gas.
The pressure was kept st 0.1 mieron or lower. No difference in the hest
capecity could be observed in the caleulations when the pressure was 0.1
mioron or lower. |

The thermoelement loses sensitivity et low temperatures as the

a&%ﬁrmﬁiw force per degree booomes less.
 ture wore, therefore, not guite as aﬁ,@mw #s the resdings above the sube
limation point of solid eerbon dioxide.
If a determinstion of heat capacity lasbed only ome minute, en

~error of one second caused an error of one psrt in sixty. . For

- thie reason the time of & determinetion was usually from i“mxr to soven
minutes. The time was messured by using the second hawi wa sn eloctric
clock. The time error was due ﬁ:@ Pailures in Mﬁg and stopping the
_current exsctly on time and teking the thermoelemsnt reading exsctly on

the second. The error was usually not over 0.2 second as the potentlomsbor
dial was kept moving with the changing potential end the motion stopped

as the second hend passed the minute mark. The eurrent switch was kept just



i Lo

above the ?binﬁ of making contset and then closed st the proper instent.
The woliage drop wes measured by the pﬂﬂs&nﬁmﬁﬁe method, snd
eould be kept constent to within 0,01 volt ss & very amall part of one
wolt produced a galvanometer deflection and adjusting the micrometer re-
eistance was the limiting factor. The resistance of the heating coil was
messured to one part in & thousand by meens of & wheatstore bridge and the
‘a‘ffm of the ehange in resistance st lower temperature was ninimized by
the ealibration,
| The potential created by ‘%.::hé thernmoelement is about 15 micro-
| volts per degree at liguid sir temperature and ebout 40 microvolts por
féag;reé st room tempersture. The sensitivity ﬁf the galvanometer is 1.5
miorovolts, The mitivﬁ;g is then sbout 0.1° et the lower temperabures
and 0,04° st the higher temperatures. | | |



CORCLUSIONS

The Tormation of furfural from d-xylose is & spontancous process,
being attended with o free energy decrease of 22,914 oslories.

The stendsrd free emergy of the hydrogenation of Purfursl to
furfuryl elechol is mttended by a decrease of 13,181 ealories.

| The stenderd free energy of the hydrogenation of furfuryl aleohol

to tetrshydrofurfuryl aloohol 1s ettended by a free energy decrease of
17,765 calories.

The shbondard free enerpgy of the hydrogensbion of furfural to
pentane 1, 5 diol was found to involve a decresss of 31,731 celories,

The stendard frec energy is found in the sonclusions by essuning
the formation of ome mole of substence at 25°, the hydrogen pas being
present st & psrtisl pressure of one atmosphers. The free snergy of

hydrogen is arblitraerily teken st zero.
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