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The compound thionyl chloride when heated above the re-

In ds fnvestigation & carelul
%W& chioride was wamwm and was found

Dourdon type sicde gauges From those prossures
1t was possible to calenlsts the equilidedin eonstant ot sow
- yorel taperatires, The equilideiws eonstant dn tom pade
the caleulation of a¥® possitles The enthalpy change was
- deteoruined by plotting the van't Hoff equation and poagure
Ing the glome of the 1ing,
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This invostization deals with the detormination of the
AW 1% mmm from the constant and the change
py 18 derived fyon the velue of the vonstar
Wm%%

wmeiw MW an the prosaure soproathos
have 6 mansgeable funetlon; O« Ne Lovis Invented snothoy
s of wmm@ mmu which 18 exlled the fugeelty
(1)» o my partislly dofine the fugacity, £, in tarms of
pey . {eonrh % emation
Pene 1n £ + m:m, (1}
vhars I{T) 15 a fonetion of tooperal '

Detuwem two Loothermad
Po - m = 12 in %@a (10
Gy He Lowis Antrofuced anothep mﬁvfﬁﬁ. tormy the setivie
ty{2)e The setivity, g, doing the rotio botwecn the fupacity
£ of 5 pubatence In pome given piate, and its fugacity £9 in
e equtions

aw %ﬁ EeZanrineg {111)

tomsider a géneyal rooctlo dn which n mols of gubstance
1 ond o oools of substonce Ny oltsy pive g mols of Wmm q
6taey 88 represented by the equation

Maenlg 2 e » R alarlesr oy

Ew

L m e  wi3ans



Let AF be the free energy change in this reaction when the
gubstunces ave In any glven states,

arm{geriies s DwCRetinesse)y (M
end let AT bo the froe ehorgy chongo vhon each substance s

1 e 0l (v
e B2y Ogry mm reprement the mmm in ths nonegtande
ard ﬁmmg ‘f:hm wo have Q :

a@,ﬁwmmnﬁ? v
m m e '

thanover wo noed with WMW vy %mw drporta
namely, that the freoe awrey ﬁ.m equal to povos ﬂm

Es

zade at poderate pressures ond dllute aquoous solutions, In
puch easen 1t 4 £ equently possible, with sdogquate accuracyy
ta replace the activities with presmues in the ease of gases
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snd molalitiss in the ease of solutionyg, Fapressed in this
Pt mwwmmammmmmmwm

1,635(5)s THe mmm point of thionyl ehloride 4s froqucite
1y clven to be 78,8%C(5)(6)(7)s Towever, there i3 veason to
belleve that the boiling point 13 in the region of 76.5°%

A (33(9)*

hlenyl dilord propared by several ronctions,
Je Persoz and T, mm: are erotitod to bo the first to

 have prepared thionyl ehlorifa from sulfur dioxide and phose
phorus pordachlovide Mwmzm to the following reaction

{x1}

@3% 2PClg = mig&»:%mg* m«; {x31})
One procoss conslste 4n passing ehloring ints & mizture of




604 and 8,01 heated to 757 - 80°C,
503% 5.Clp B0C1ls 4 8 & Bls
. 23 ¢ Cly = 8,015 .
mmm ciloride end photphorus trichloride

7

mz%¢m3wvm3¢ma {xIv)

" A vove A1CPieult reaction 12 ong mmmmmmmﬁ
1% passed into eulfue dinsslvod in mﬁw m@h&.@rﬁ,ﬁm The
solution 13 cooled to « 12°C . |
Be mnﬁ » E0CRss - {xvy.
m:mm ehlordds de SOTpOBes m heated to a8 sufficlente

‘}m&ww@gwmgﬁwm | (v
Soxide end ehlorine will react ¢o yisld sulfuryd
| mm»mg howsrvarry M 2007¢ op higher the reverse dacorpost
 tion reaction is complete(12), The sulfur menschloride doos
not begin to dissociate balow 300°C end the smomt of dise
‘soclation is naglizitle sppreelably above that torperature
(13)e - |
In this work a MWWW

the data obbalned 4% waa Wﬁﬁim o mﬂw &t the value of
LE Lov the reaction, With the ald of this sort of data 4t
is possitle to obtaln, by more sddition and gubtraction, 470
and L7 of other reactions with the use of standard thermodyna
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 tubs hod 22 gage nlthromg wire wound about mg folloved by
sagton tave, The current fnput wes regulated by noans of &

Voluce A was £11%ed with mwm pentachloride end
productas From & eylindery 58 gas wus pussed into tha ape
pmm at Be The Wtﬁ ware collectod in a bottle, prow

trogpheris molsture, Tho method of purification

rransfer of the xmmm m‘%@%&& vas made !}
manifold to better than m‘“ﬁ '

sarple eapmlesy oo taining the thionyl m»m@, VOIS DO
movodvith flane and soaled 4n the procoss of venovals A suite
ematned on m sample capsulos.
The spperatus vsed In meamuring the degroe of dise
goctation of thlonyl enloride 43 shown in Pige 3¢ It cone




sistod maindy of & copaule well 4y Which was attachod to @
m:mmmn,mmmwmmmmmmamw

vl Pyrex m,; its puwposs was to Zellitate the reglation
of the manifold prosoure,
A copecle wms zﬂ.&awﬁ in the sarple well followed by an

fron bar pouloed in glass, The tube vag then sealed off at D

gyster: svacuated to botter than 10™Pm of
mereury by moang of & vereory Elffosim i It 18 ovident
that the systen ¥ms sealsd allowod the samplo o bo in
contact with no other materiel than Pyrex glasse The AP
$llary en the sapsale could then be brotem with the glass
sealed iren bar by the use of & magnot, The pressure thal

oped caused the Filanent o the sickle gouge to dow
flect, The pressure in the manifold wae L cressed by admite
ting alr ints 1% mm the filsment mnm return to its "rest

ed from the band tube shove flashk B to e stoptodt on the
extreng left band side of the manifold ag showm in Fige 3¢
same ag the prossure in the senled system, & eapillary on the
above mantionod bent fube was brokam

%o cone to mw howle prosoure.
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Thepe precoutlions wore nocesoary to avold larps presmore
aifferences acrons the sicle gauge, which M@M&y st
e fragils to bo sensitive,

The method used in the construction of the sitkle pauge
will be explained with the ald of Fig. 6, 4 heavwy sulled
with a shorp flane and blowm to a Dubble
viille w vas gently drewn ont. The resiting mm wa vory
thin walled, but wos sBl) eipid, Uith the use of a gentle
flome o portion of 1t wis eallapsed until & sickis forn wos
ﬁ‘&?’&aﬂmﬁa A tharp mmm’ flamg vos then dlrectod

wmmammawmmmmmﬂmmmwm

tube 1% woudd bo .‘wm  dn, It wag thom sooled dn the tude
In the sarw ordor as shown in the Pigure,

The pard of the spparatus coansisting 62 the 1000ol flam:,
slatte | prople woll wire Lnmorsed in a eylindrleal
eanstyuctad g shoun in Me. 4 fron two
eylindrical cans, insulatod fren ene another by two inches
of insulistion. %ho soaller oan bad itz Lrooy surfuce toated
vith & quarter of & ineh of plaster of Paris followod by a
spiral of 22 gage nichworo wire uhich wog covorad by an
eichth of sn inch of plaster of Paris, The
tad & nichrone wire holix gtopled onto the underside of a e
edghth inch asbootos shoots Tho hoating olements Wore roe
guintod with Gwo Variacs, The botton ﬂmﬁm&mma
fine tomperature ermtrole
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| PANT XIX
PIEPARATION AND PURIFICATION
| oF




, 1%
hure of thienyl chloride and phogohonus osychloe
preparad In tho genorator chown La Tigy 1 wvos
partislly parified with an ordinory laboratory st411 and was
fupthor purified with a Cryfor fractiomating eclum, AC0OTde
ing to the method deserided by Dy Ls Cottle(ld), e frace

- tiometing syeten wog equipped with am sutomatic talg off

beads The equipment was of all Pyrox constroction and proe
toctod from atuosphorie motsture, | |

There weore talen 490 &l of product from the 4nitisl dloe
illation togethor with 13 orang of {lovors of sulfur end the
pizture was refluzed for £ive hours, The nizture wns then roe
pidly éistilled through the Gnplor Colurme The product of
diztiliation yns strow colorods Tho distilled product vas Poe
turned to the fractiondting equipment, tating 1% hours to rid
1% of the eolerod forormn, Tho colorloss produet was then
- Alstillod over & very narzow range. Ihe bolling polnt of the
product wns oboorved to be 76.5°C at a progoure of 700.3m of
DOrYe '

It 1s bolleved that any rullfuryl oxide present roactod |
vith the oulfur durdng reflux to give pulfur dloxido and gle
fur ehloridos, The SoCls Vhieh boils at 135,69 was vory 1fiom
1y loft bohind in the first Qlstillation, %The dilctloride of
gulfor way soperatod as the eolored foresun, 1ts bolling
point belng 69%,




PART IV
EXPERIMENTAL
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Tha puole oonddes thod vore previously pantionod vore
veighod ofter they woro detached from the mondfclds The
velghed samle capmula wag thon placed in the copmale well
£ollovod by the plass sealod fron bars Tho epparatus vos
thon gmaouatnd and the Dourdon sichlo pryueo $iloneid wog I
demod through the momtod cross hnlr telogoope. The sarple
eppidie oapiliary wog twckon aftor the spporatug hod bom
gosled above 4% Ao eloctrommpaeh ond on Alnfco bagnet woro
uned sinmdiomocudly o el the m:amma The aloctronnge
rob cperated from an AN line therefore ite £102d wos puloate
dnge IP the oletbromaenet and the peronnant warmot vero
brought to the glass sealed Sron bory 46 world bepin to clinte
ton %axmw mrsd mm enoueh foron €0 Tronl: the eniliary.
Tho mnifold presmure wng Uum W@m’mﬁm, with the ald of
tho sielle gouge to equal the pressure within the 1000 i,
- flaglsy  Tho prossurg, Moy of the nenlfold wes reod oo the
vrrmatar by moong of o motor ptick, The oven teoporature
berparatiure wag porcittod to rise,
tamperatures that were of dnporbmes wore read ogother with
toronotrie presmire, mmifold presmire end tines
In erder to ectallish the cortalinly of equiliberiun, the
owen was cooled and & reading wos tobaz at & lovor Doporne
turcs A Digh erough teoporature eould alwnys be roachod so
that won cooling the preszwes ab the lwer tomporatore
worg oot in apvesnent with provicusly Tack
o wvog ddscontinusd whon thig teforals
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gines above this toperaturs the resotion wng rot roverpiblo.
The apparatng wns dionssoblod ot D and Es  The sarplo
fube vag roooved and wolrhed, From the wolght difforonca,
the weizht of the thionyl eilorido wis det
~ Tho gpparetus wos ronsseniblody care boing omorcised that
e origtmol volwwe bo vetained, I 48 estinated that the
volimg corfolnly 413 not wary by more than one nillilitom.
In o total volumo of wore than 1000 miy this volumo chonge
wng tonstdored necligitles It wos nov posaille to miwm a
guccesding rm with s soparntuss o
- A the thiawl ciloride wag honted 1tz CorperalulOepras.
earo curve plottod Into a strairht lines as was expocted,
miil desociation boran. to talte placg.
Plote for the tlmoeo rung are ghosm 48 Pigge 6, ¥ and &
and tholy exporinedal data are tabuintod in tablop 1, 2 and
36 The dlsseciation tales place in the rosicn of $00%%s
ertonglon of ‘Mm shove nendloned gtealpht Ling wop
used aa an dndex to detornine 4Py o the pressure ovor ond
shove the praeswse opoeted woro the curve $o contirmd in a
gtraioht Lines
| The equatien for the reaction 12 psmured to be equaticn
A o
I the fraction whlch hag rescted to the risht In oquom
tion XVI 43 o then the muwbor of mweles of anch bstanca
in equiliteion (b wl «) of 800154 3 o« of CLo3 2 « of 602§
and « of SnClae

EYTHNE e *




_ ’ 1
Total moles ot equilitedim would then bo b w fo The
ratis of the ohoorved proopwe fo the taloiinted or arnoohe
6d prossure would bo (b = 2¥Me 18 enloulaled fronm this frace
Liome ﬁ: g ponnible to deberming the partial prosmwos of
thionyl ehlovide, chloriney sulfur dloevife end oulfQr mODOw
eMloride from the caleulation of o o |
Prom the definition of the eoulilbelu constont from
eguation TIIT 40 wng ponsible o nalm the mmmam of K
from the partial proosures of the comgtituent pnses, lore
| erplicitly,

iora 1, 24 3&@%%%%%* gl Aloxidoy Fulfi Domoe
¢hilowdde ond thionyl chilordle Wﬁm&m Tapthor
m 302/ (= 2k
= mﬁ%’j C’*’ - 3 X
’;% = «¥/ (4 - 2
gy + (47 - buP)/ (- 2k

The oquilibedom consteds wvore caloulated £o the throee
rung ot soveral tenparatuces mﬁ tha reosults are taladated
In tatle Y,

WALh the use of equation VIII the AT? for tho resctim
was caleulated from tho values of the oquilibeiun constant
aod sro given in table 4,

m‘my&m the vory usable forn of the m*tmm
Lhon, mmw, eqmtion X of the Introductlony 1t wou poasible
to ealenlate the change of onthalpy for the rooctiome I one




- 18
plote of 53 log X egainst ng the slope should yleld
the mm%&m The enthalples thus caleulated are glven




Weight of

%mm‘mm

26
7%
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1

66940
65048
4346

ﬁﬁ?di |

201 6140

223
170
s
123
218
tha

BEEEIRIEBEE

60040
62349
632
6388
£10.3
6023
6005
62048
$9546
61241
.2
611.8

5921

5021

4 @73"

57

50845

26*:!
26.2
2643

7C4a3

7643
7639

BT 763.8

D647
2647

2647

2640
2646
2648

2649

2647
2845

26,8

2647
265
2643
2649

p-

26,7
2647
2he%

76348
763.8
76348

7638

7638
7643
7Y

76443

763
76443

7643

7643
76547

7657

76547
765
7650
76540

TALE X

sarple 1At 0.6523

e

2546
2546
2546
2545
eed
25
25943
£5s3
293
253
253
2543
2543
25,3
253
2953
280
2940
2540
29
2t
b

Py
761.1
1 A )
76047
7048
76048
76046
6046
7605
7608
761.2
7612
7612
76142
76162
76142
7612
0.6
76246
76246
76243

75149

761+

Poo
6662
6521
E4049

6176

611,59
€05,%
621%
€2947
£31.6
60747
5996
60649
618,2
5931
6005

508,8

60%3
29,7
5708
60%,8
5723
Sobd

Pobs
a9

1090

119.8
14340
LTS
1591
13042
13049
1,5
153.5
161.5

15%.3

"&3&0
168,1
15147
172%
15343

3729

183.6
1575
189,9
175.8

b
533
Wy
552
%08

¥3833

19



TABLE I
oven Fm Tn BP EP¢ BPo Pno Pobs Tk

341 568.0 26,7 764.7 25,0 76l.6 565.7 195.9 61k
288 586.,8 26,8 764.7 24,8 761.6 584.5 177.1 561
323 4.5 26,8  76%.7 4.8 7616 572,1 188.7 596
366 566.2 26,8 764.7 24.8 761.6 554.0 204.6 639
292 580.7 26.5 764.7 24.8 761.6 578.4 183.2 565



TARE II

Welght of sarple BAr O.724

Toven P

29,

65943
6579
65240
Eh8,2
64340

63947

637.1
63243

6272

o & 35,2

152
176

885

233
" 408
2%

o5

616.9
€06.%
623.3
5% 3

59646

53747
6007
53145
59540
97349
59843

u

w

76247

76247

7614t
7608
760.8
76048
76048
765.8
76248
7607
P67
76447

76543
76543
7653

765.3
i 9650

765.0
765:0

=y

el
p 0
23.8

BPy

75947
75047
7525
75345
75748
797.8
75748

7578

7573
75748

] 76148

2617
76147
7617

06242

7622
762.2
7622
76149
76149
76149

Pro

65645
é%al
TR
6456
TR
637,
6345
6297
66
631.5
5134
60349
62048
59149
S5t el

0BFe3

598.0
57749
024
57045
59547

Poba

1032
10446

10941

11249
117.%
12047
12343
12841
133.2
12043
143.2
157.8
14049
16948
163,.1
17649
1043
169.5
1910
166.2

Tx

208
3L
31
329

M6
353
367
3
367
k25

SRE&ERE

ve?

W77



Toven
300

25
320
255
342
266

Py

56245

58249
55% 49
57949
514649
57649

2740
270
27.0
27.0
2743
273

TABLE II

BP  BP
765.0 25.2
765.0 25.2
765.0 25.2
765.0 25.2
765.0 25.3
765.0 25.3

BP

76149
76149
761.9

. 761.9

76149
761.9

mo
560.1

580 1t
5525
577 M
k.5
57k oLt

P

obs
201.8

181.5

2094

184.5
217.%
187.5

22

573
518

593
528
615
539



Toven Pn
5140 69977
100 £58,0
18 601
213 663.9
65249
L
6o
6392
6372
633k

T
2343
% *@
20
253
255
257
258

25,3

2547
5.7

TATLE 31T

g

768
708
753

76341

76340
763.0
76248
76248

762,7

76247

Wo Pos  Pods
76149 60643 65,1
76149 68642 75,7
7'611@1? £7943 82,1
70,1 66142 0349
78040 65042 189,83
760,0 46,1 1139

?@gf 2,2 11746

793*3 @3&5”5' 122.3
78,8 63T 1.3
7558 6307 10,1

tere Pu 48 the pressure vesd on the manonat

% o dhe mrmomabos

EP 15 the Daromster reading

% ’%‘ S m;

A mg

A ?m end Wﬂ gre tooperature

corgected readingsy

Poba is the pressure in the wanifold corrected,

23

3
373
G
426
535
595
573
591

616
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A earefully purifiod coumple of thionyl chlorido shovs
1t totling polnt b0 bo 76,5 Cs This boiling point 45 1n agrove
momt vith that establiched by other investizatorss

Dy the mothols descrided In this worl it seons pose
pivie ot the oouilibein conatont for the dissoclation
o thionyl ohlordde moy bo ‘w-‘w‘i o

with & roason —

Upon thoe examination of the pold
1% booomos epparont that the Imoviedze of the valus of tho
equilibrizn eonptant of a reaction al severol tooparatuves
is o useful ones One crploys 1t Ia the cxleulation of AT®
and slse in the calelation of the enthelpy of the roaction,

since tharmodimasie funetiong are wolated to one anothor,
e ey dorivo proporilog of vonetlcons and subitancos Y1l
cut the use of direct moosupencots, This is, dndoody fovw
- tmate aivee somo proportles moy not Yo poasured diroctly.
Wmﬁl&, ag {5 tho onoe with enthalyy ond froe onoppyy o
my calowdate freco enorgy changes and onthalplos of ronctions
by more addition and sublirostion of Imoun volues of thooe
waplahlon, |




The enthalpy of the reactimm siudied

61,000 end the values of AT end X o% severs

LY B 4 W% |
1,65 X Lorb3
Zo21 X 13
0a2 X 20°13
IX A

33 X mﬂ'u

1,96 X 10713

B8 X W 13
v 31

8,0 x 10718

7.8 x 3o71%

1.6 % 3033

AT

35,400

44500
14600

35,400
3&’;\.@@5

3000

30,600
15,600

- §5y200

.....



PART VI



(1)
(2)
{3
&)
N
(6
(7)
)
)

{10}
{11}

(12)

{13)
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