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| VAPORmLIQUID ECQUILIBRIA STUDIES ‘OF BROMNE AND |
' SUITABEE BROMINE SOLVENTS R S

CHAPTER I

B L

| i‘cmémcr{l—:on ; o

o As.ay contlnuatlon of an 1nvest1gat1on,1 started prev1ously, to
Tv-dlscover blnary azeotropes con51st1ng of one’ colored and one colorless : !
: component 1t was de01ded to study further p0351b111t1es in-. systems .

'”E.of bromlneﬂan colorless bromlne solvents,t Azeotropes of thls generaljfln

'type are valuable in the study of the methods employed to separate ' : _ ' o

"-azeotroplc mlxtures,»s1nce suoh~separatronlcap be observed merely-by

: 1nspectlon. :

The ch01ce of 1nert bromlne solvents was dlfflcult due to the i;g:

high.react1v1ty'of bromlne ltSPlfo The number of these solvents was d | l” ‘ |
further llmlted by the b0111ng p01nt range of these 11quids for which ” \
azeotrope formatlon w1th bromlne was deemed even.fea81blea Splcer and‘ |
Kruger:L 1nvest1gated the system bromlne—carbon tetrachlorlde and proved
_the exlstence of an azeotrope in thls system.‘ Hence, it was declded to
study flrst, systems composed of other completely halogenated saturated”
| hydrocarbons and brom:u.n.ee To go hlgher 1n thls serles, however, 1t wasdt
necessary to use fluorlne contalnlng compounds 1n.order that the boillng

‘ poznts should not be exces81vely hlgh Vapor-llqu1d equlllbrla studles

;( . ) IW M. Splcer and J. Kruger, J Am. Chem. SOC-: 72 1855“56
1950




© will bevglven in the ensulng chapters.

were’runion:three-systemssofﬂthisutjﬁe;‘viz;, bromine -—.l,l 2-tr1fluor0n"” N
1 2 2-trlchloroethane, bromlne = 1 1, 1 2~tetrachloro-2 2-difluoroethane,

and 1, l 1,3 3=pentafluoreu2 2,3~trlchloropropane.

Also, due to the stablleing effect glven to aromatlc hydrocarbons

by the trlfluoromethyl group, 1t was deemed posslble that in the absence

of a catalyst a compound such as bermotrlfluorlde (trlfluoromethyl
benzene) might serve as an 1nert solvent for bromlne. Such was found to

be the case for the system bromlne«benzotrifluorlde, and therefore a

t51mllar investigatlon was conducted for thls system@

’ The flnal system studied con51sted of bromlne and carbon disulflde,

The detalled report on the precedures employed for the vapor= 12," t

' ':'llquld equlllbrla studles for these flve systems and the results obtalned"




. CHAPTER II

. THEORETICAL DISCUSSION:







. and molar volumes do. not greatly dlffera} L

For. 1deal solutlons ‘the follow1ng relatlonshlps can be thermo-'“
dynamlcally proved-z’

éln (fl/ff) e
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"'ﬁi' = partlal molar heat conuent of component in solutlon

Viff% molar volume of component in pure state
v = partial moler ‘volume of component in solution

From (&) it is thus seen that no heat change can result from mixing the
constituents of,an‘ideal'Solution.~ Similarly reiationship”(bf_states=)
that there. can be no accom.pany:\..nb vo]ume changeo .The expreesion'inV(c)‘

rasserts in effect that only those llqulds hav1ng 1dent1cal values of the :

9P

thermodynamlc quantlty 3y T)V canjfoxm;completely.1deal solutionson

lW H.' Rodehush, An Introductory ourse lh‘51ca1 Chemlstry,

»Second edition, (New YorE— . Van- Nostrandgcompany, 19337; P 1L,

23, H. Hlldebrand SolubLllty of NonnElectrolytes, Second

:'edltlon, (New York: Relnh'Td _Publishing’ Corporaﬁnon, 1936), DPe Sénéh. |




2 Non=1deal Solutlons

When solutlons do not exhlblt behav1or in compllance 1o Raoult's

-law, they are termed noneldeal@ The dev1at10n frqm Raoult law behavior.

can- be elther p051t1ve or negatlve, 1. e., S

Vo

'@y " Positive devidtion: £y BNy £3°.

Dok

~(2) Negative devistion: - f"ié’»Ni,fi‘_‘.

'P051t1ve dev1at10ns are, by far“ mere common than neﬂatlve ones.

Gon51der1ng the usual experlmentally(observed behav1or of none
ideal solutions with varlatlon of temperature and pressure ahd using the

relations (a) ahd (b) glven in the precedlng sectlon, it ¢ can be. shewn

- that the mlxlng of the components of a nonuldeal solutlon is ordlnarlly

'accompanled by changes in the heat content and volume. Furthermore, 1t

is generally true that for systems exhlbltlng p051t1ve deviation frem »

1deal behav1or, mixing of the constltuents results in an absorptlen of

heat and an increase in volume, while Just the"opp051te is observed in

the case of negatlve deviation, The'eitent*of these thermal and volume

: changes is ‘an inﬁlcatlon of bhe decree of non~1deality of the solutlen.

A better and in a. sense more quantltatlve 1nd1cat10n of the extent

of dev1at10n frqm 1deal behav1or whlch would be expected of various

systems can be obtalned frem relatlon (c) given in the precedlng sectlon.

: S:_nce only ln.qu:.ds hav:x.ng 1dent1ca1 values of the quant:.ty ( 3 T) can be

expected to form completely Ldeal solutlons, 1t would be reasonable to

‘_assume that the amount’ by whlch the - value of thls quantlty for two

llqulds dlffers would be at least a semluquantltative 1nd1cat10n of . the ‘

degree oﬁvnon—ldealltj. From one_of theithermodynamlc equatlons of state,. .

. —— s




‘ Nostrand Company, 19

The themodynanmc quant:.ty (g E)T, lmown as’ the "mternal pressure,n 1s
a good measure oi‘ the balance 1..x:.st:ng between mtermolecular attractive o
a.nd repuls:.ve i‘orces.3 For most l:.qu:x.ds, the order oi‘ magnitude oi‘ the
:Lnternal pressure is about lO3 atmospheres, thus under ord:.nary condlt:.ons,l

the external pressure s P is totally neglible din the above relatlonshlp.

- Therefore ’. to an excellent approxnnatlon,

B
&t

" or'at e]onstsn‘t‘ temperature, -

, Thus, at low pressures the :Lnternal pressure dn.ﬁ‘erences ex:.stmg between :

l:.qu.'l.ds is seen to be a. good measure oi‘ the non-:.deal:.ty oi‘ solutlons.

Several methods are ava*Llable i‘or detemlnlng, or at least

estlmatn.ng, intemal pressure oi‘ liqu:.ds. One relat:.onshlp derlvable

B from the va_n‘ -(der Wa,al‘s eQuatlon »1s,

aE 3 ai}
3 %v2"

Where a van der Waal constant

V= mo]ar volume

3Ibid., pe 99,

)-lS Glasstonef‘ Therxnodynamlcs for’ hem:.sts, (New York. D.’ Van
7 1

), Pe 159




*,‘871 (19hh)

Hn.ldebrand5 glves another method of approxlmatlng 1nternal pressures,

which was partlcularly useful in,thls 1nvest1gatlon due to the lack of

. information on the phy51cal propertles of most of the llquids stud:.ed° S

Employlng hls method, internal pressures for non=polar or nearly non- .

polar llqulds can be approximated bv ‘the’ relatlonship, o

(AE) am
oV T N

where ASEV = energy of vaporlzatlon BN

V= molar volume

An emp1r1ca1 expresslon glven by Hlldebrand for estlmatlng the energy

of- vaporlzatlon at 25 C 1n calor1e> 1s glven .as’ follows~ l

A% ww+a5%”

t:‘?ikjé‘ Where th = abmosphermc b0111ng point in °°C

T

The factors whlch cause dev1atlon from ideal behav1or are those

factors whlch tend to effect a change in the env1ronmental forces

existing around the molecules of the llquldso In a broad classlflcatlon,:

these changes are twowfold - hhose orlglnatlng from an alteratlon in
the so-called van der Waals force f:elds (1nclud1ng polarlty effects)
uexlstlng around the molecules aqd those arlslng from solvatlon between )

:unllke molecules or a decrease in: the assoclatlon between llke molecules.

| Ewell, Harrlson, and Berg6 have stated that the non—ldeallty of solutlons

5H11debrand, op. CIte, pp. 98—106.

b, H. Ewell, J. M, Harrlson, and L. Berg, Ind. Eng. Chem., 36




~the extent of non=-1dea11ty is grenerallj a :Eunctlon of the temperature y

'1s a funct:.on oi‘ the ei‘fects GJE hydrogen bonding and difference in

o mten:al pressures, the i‘omer bemg by far the more :.mporta.nt. Accord~=

ing to this source, hydrogen bondlng is possible between denor atoms = - “

fluorlne, o;qrgen, or mtrogen - and “act:Lve“ hydrogen acceptor atoms s

~ the. "act:.ve" des:.gnatlng lfgvdrogren atoms attached to nitrogen, oxygen, or
: fluor:.ne atoms OF to carbon atoms 0’ Wh:.ch 1s also attached at least one '

: nitro, cyano, or halogen group..c

3. Partial Misc‘ibility i

If the pos:l.t:.ve dev:Latlon frem 1dea11ty for a mlxture oi‘ two

.l:.qu:x.ds is sufflr'lently great, “the llqulds 'Wlll not be mlsczl.ble :Ln all

. proport:.ons. In such cases twc llqu:.d layers will be i‘ormed whenever a

specific concentrat:.on oi‘ one c-omponent 1n the other is exceedede Since -

the degree of J.rrmn.sclb:.llty mJ.l change w:Lth changes in temperature@

: Ustally such s;stems approach total m:.sc:.b:.l:.ty as the. temperature is

:anreased although in a few cases due to other factors, the reverse is:
truee7 Frequently, it is i‘ound that above a certa:.n temperature s
des:.gnated ‘the upper consolute tenrperature R ‘the two l:Lqu:Lds become

mlscible in all proportlons. H’owever, in many instances, bei‘ore th:Ls ;

'temperature is reached, the . comb:x.ned vapor pressure of the t.wo llqulds
becomes sui'i‘lclently hlgh to cause boil:.ng, and thus at that pressure

: there 1s no temperature at whlch the llquids are completely mlsc:r.ble,,

7S Glasstone, ‘The' Elements ot‘ Phys:Lcal Ghemlstry, (New Yorka.v o

D, van Nostrand Company, 19557, p. 3607




L. Azeotropes

Often there ocours in the plot of total vapor. pressure vs,

comp051tion a. max;mum, in the case of positlve dev1atlon, or a mlnlmum,‘

in the case of negative deV1atlonaf In thls event there results for the‘ '

mlxture of this composltlon a boillng p01nt 1ower, if the deV1atlon is

' posltlve, or hlgher 1f negatlve, than that of any mlxture of dlfferent :

compos:.t:.ono Moreover, thls type of mlxture will distill w1thout change
in composltlon, i. eo, the equlllbrlum lquld and vapor phases have

1dent1ca1 analyses. Such a mlxture 1s termed a constant bolllng mlxture

-or an azeotrope.

Accordlng to Ewell, Harr:.sonJ and Berg8 the formation of azeotropes

'depends upon ‘the noneldeallty of the solutlons and the dlfference in

b01ling p01nts existlng between the components. The pos51b111ty that a

_ system will exhlblt azeotroplc phenomenon ls lessened as b0111ng p01nt
o difference'lncreases and,as dev1atlon‘from ideality decreasese One otherr

o determining factor is externelbpressures Changes in applled pressure

due to dlfferent rates of chanbe of the bolling p01nts of the two come '
ponents with pressure usually rause a shlft in, the azeotroplc concentra—

tlon as well as a change in the aZeotroplc bolling polnte Examples

B " l

‘can be 01ted of systems in WhlPh azeotroplc behavmor is exhlblted at

some pressures, but not at’ others.9 -

If, 1n the case of partLally mlscible llqulds, two 11qu1d layers

'exlst at the azeotroplc bolllng polrm over a range of concentratlons,'

8Ewe11 Harrison, and Borg, loc. cit. |

9E Co Britton, H. S. Nuttlng, and . L. H Horsley, Anal Chem.,l o

19, - 1~2 (19&7)




10

the azeotrope formed 1s tenned a two-phase azeotrope. As 1ong'as two
liquid phases are- present the llquld mlxture w1ll exhlblt the azeotropic ,

‘boiling point and w1ll be in equlllbrlum at’ that temperature w1th a vapor;"

of the azeotropic COmPOSltiOHO' B

Se - Appllcatlon of Concepts to Systems Studled |

In Table VIII are recorded the data requlred for consideratlon of
the systems studled for th1> 1nvestLgatlon, in the 1ight of tne concepts
dlscussed aboveu The estlmates of Lnternal pressures, all calculated
by use of the Hlldebrand method (dl cussed in Section 2 of. thls chapter)
in order that the ccmpan;crl rema.ln on the same bas:.s s ‘are” l:.sted. A
Also, the molar volumes and the bolllng polnts observed at 760 T are o
glven._ | S

" Since no hydrogen bondlng 1s p0551b1e among the components of any

of the systems, the internal pnessure dlfferences and the differences in

molar volumes are the important indlcatlons of the dev1atlons from
1deallty to. be expected. From an examlnatlon of Table VIII the system |
bromineecarbon dlsulflde would be expected to approxlmate ‘most closely

an 1deal mlxture, Whlle the system brcmlne =—vl,1 1 3 3=pentaf1uoro=2 2 3=

trlchloropropane would be expected to exhlbit the 1argest dev1atlon

from ideal behav1or, The.other three systems studied l;e-between these

'extremeso‘

In_ﬁredicting the formation Qf?miﬁiﬁﬁm“boilingfazeotropes'. =

(Maximum-boiling'azeotrOPes reSult almostfexclnsively from‘the effects..

~of hydroge%rbond formatlon, 1mposslble 4n the systems studled ) tne

: system bromine -1, l 2=t rlfluoroel 25 2=tr1chloroethane appears to be

the most favorable for the exhlbltlon of thls phenomenon, due to its .




‘

'relatlvely large dlfference in lnternal uressure, 3170 atms, and 1ts

comparatlvely small dlfference in b0111ng p01nts, 11 3° C In all the :

systems, however, w1th “the exceptlon of bromine-carbon dlsulflde, due to;‘;»

T4

large 1nternal pressure and molar volume differences, aZeotrope formatlon:

appears to be a deflnlte p0531b111ty, 1n splte of” the large b0111ng p01nt‘ :

I

dlfferences exlstlng in two of the systemsa

6o ‘PoSSibility’of‘Reaction between Gomponents
| In order for any vapor~11qu1d equlllbrla studles on lquld

‘mlxtures to. have velldlty) 1t is essentlal that no reactlon take place o

‘between the const:.tuents of the system. Thus, due to the unusually hn.gh

react1v1ty of bromlne, 1t 1s necessary to examlne the 1nformatlon availa"

able, for the llkellhood of the occurrence of a reactlon between the
. components of each systemo.i | |

| In the case of the three systems 1nvolv1ng bromlne and the
saturated: fluorochlorocarbons, reactlon between constltuents seems

hlghly-umprobable;. S:.monsl0 has clted the very:great stablllzing effects

of the =CF, group and the general 1nertness 1mparted to organlc compounds :

v'by fluorlne substltuents, also Gros e and Gadyll have cited the hlgh
stabllity of saturated fluorocarbons toward bromlneo Br;ce, Pearlson;
and Simonsl?2 report.that brom;ne‘reacts wuth,saturateq:fiuorocarbons .

in the vapor phase at temperatures ranging from about 900° C for'Can _'

107, H, Slmons, Ind. Eng,, Chem., 39, 21;0 (191;7)

oy, v Grosse and G, H, Cady, Ind. Eng Chem., 39, 368 Cl9h7)

12T J Brlce, W, H, Pearlson, and J. H. Slmons, J. Am.VChemQ‘ |
50Ca s 71 24499-501 (19h9) S -




y.catalyst although they state that the reactlon was started only after

e

'f—,o: va*bont 800° C f’fm"- CoF12e ’.At‘ *temfaératarés«i as ‘high a%s 820° ¢, %ﬁfamne

‘ gives little indication of reacting with, C3F8° Reaction w1th C3F7Cl
 takes place at 852< -70 C cBee and co—workersl3 have reported that
‘even the substitutlon reaction of bromine for hydrogen in certain fluorowgﬁiﬁf

hydrocarbons proceeds at a . very slow rate below hOO C

With the system bromlnembenzotrifluorlde, a substitution reaction,

bromine for hydrogen, must of course, be con51dered. At moderately 1ow

“temperatures and in the absence of a catalyst however, there‘would

- appear to be a good poss1b111ty that no reaction-would occur, due to the
wflnhlbltlng effect of the trnfluoromethyl group on the activity of the.

‘h‘ hydrogens°, Simons and Ramblerlh report the bromination of benzotri-itﬁwl'wr.

iisfluorlde to m—bromobenzotrifluoride at Sé’ C 1n the presence of an- Fe

the addition of a con51derable amount of cataljst. Also, Koh115 has
reported vapor phase bromination to- mono« and dibromo derivatives by ‘,i
passing bromine and benzotrlfluorlde through reactors at 700° 900-o

Carbon disulfide is cammonly employed as a solvent for bromine,

. 80 no reaction would be expected at ordinary temperatures‘between these

two l:n.q,m.ds° A survey of the 11terature revealed very little, concerning

,‘study of this system. Gerst]l6 stated in 1870 however, reporting the

_ work of Bolas and Groves, that no reaction takes place between bromine

and carbon disulfide when ‘the two are heated to 180 C

- 13g; T: McBeo' et al; Ind. Eng. Chem., 39; uzo (19&7)

1y, H, Simons and E: 0. Rambler, Jo An; Chen. Soc., 65, 391 (19h3),
156, F. Kohl, J5s ] U. 8. 2,49k,817, Jan, 17, 1950, abstracted in

G A., Lk LO29b (1950).

153 Gerstl, Ber., 3, 508 (1870)
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CHAPTER TIT . ..
 EXPERIMENTAL-

| i, Apparatus
1. Equlllbrium Still , L
| The equlllbrlum stlll used to obtaln the vaporeliquld equillbrlum_
data was constructed completely of glass accordlng to the- speclflcatlon,
“of a 51mdlar still whose constructlon and operatlon is descrlbed by
Jones, Schoenborn, and Colburn.l It 1s composed of a re51due chamber,
condensate chamber, and a flash hoiler«'~ ‘

Certaln modlflcatlons were made on the stlll whlch are essentlally _
those‘descrdbed by Krugerazt The resrdue chamber was~covered, except for
a small w1ndoW'w1th a layer of asbestos paste to mlnnmlze the effects of
;drafts. ‘A small c01l condenser was connected onto the rest and from this

' was connected a dry 1ce trap. A further modlflcation.was made to Kruger s
still in that the system did not open to the atmosphere, but by means of :
a twoaway stopcock could be connected e1ther to an asplrator or to a-
constant pressure control. | |

The constant pressure control was ‘used solely for the purpose of

_malntalnlng the pressure at 760 mm, at. whlch all runs were madee' It
"4consisted of a large (approxlmatexy 25.. llters) leak-proof metal tank,

' equlpped w1th a 1/6 HP compres {0} U connected by rubber tublng to a glass_

| lc A, Jones, E. M. Schoenbom, and A. P. Golbu.rn, Ind., Eng. Chem.,
3, 666-»68 (1943). e T
2J Kruger, "An Azeotrope in the System Bromine-Carbon Tetra-,‘

3 chiorlde," (Master's thesis, Georgia Instltute ‘of Technology, Atlanta
Georgla, l9h9), p. 13. S ,




.tube, whichvwas in turn connected bv means of the two%way stopcock
mentioned above to the still A mercury manometer was placed in the
system for reading gage pressure. The rubber tubing making the glass

vto metal connection was sealed with vacuuri wax to both the glass and

metal, DowaGorning 31licone stopcock grease, used on the: two=way stop—

cock, was found sufficient to prevent leakage at that point of the .

system,. the pressure applied being only of the magnitude of 20 Ime -
Gon51derable difficulty was encountered in.finding a stopcock

lubricant which would prevent leakage of the liquid mixtures introduced

inte the still. Tt was finally necessary to resort to the use of no-

lub stopcocks, although it was still desirable to use‘d very thin layer

A of DoWbGorning 31licone stopco«k grease to prevent completely the escape

of bromine vapors into the room.' The~difficulties encountered led to
the complete removal ‘of the. stopcock between the condensate chamber and |
the flash boiler described in the Jones=SchoenborneGolburn still. The
urpose of this stopcock was- to prevent a suction effect 1nto the flash

" boiler on the w1thdrawal of samples.' No such detrimental effect arose,
'howeverg frOm its removal, dne to thehfact that‘samples taken were
volumetrically quite small | |

-_  One final modiflcation 1nvolved the addition of a heating coil to
the condensate*chambers -Thls was~used only“in»the'study'of the system»y
bromlne e l,l 1,3, 3=pentafluor0m2 2, 3~trichloropropane, and. 1ts functlon
w1ll be described in the report on the procedure employed for that

| system.-. ' | .‘ o : T TE .

‘ The heating of the resadue chamber, the small portion of the still

.connecting the re51due chamber to the condenser (necessarily malntalned
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h at a hlgher ‘temperature than the re51due chamber to prevent reflux1ng
or fractlonatlon), ‘the flash boller, and’ the condensate chamber were all
controlled 1ndependently vy General Radio’ Co, variacs No_ﬁS, connectedz
t0 a Sola'constant voltage transformera

. A copper~constantan thermocouple, 1nserted 1nto a thermocouple
?iﬁwell in the re51dne chamherf'n;s used to measure eqplllbrlum tem.peratures°
“?The cold Junctlon was a bath of flnely crushed meltlng ice. The thermo-
;Vcouple was connected to a Leeds and Northrup No, 7651 potentlometer
readlng to 0 001 mllllvolte The temperature readlngs were thus accurate.
to approx1mately'0.10° C.: The thernocouple was callbrated by Kruger.3_
Several checks on bolllngwpoints of pure llqulds gave satlsfactory

correlatlon, ‘SO NO’ recallbratlen was deemed necessary.

,(

'ﬁ2; Fractlonatlng Column (For purlflcatlon of solvents)
The fractlonating column used to purlfy the 1 1,2-tr1fluoro-1,2 2-
1Q'trlchloroethane and ‘the carbon dlsulflde is a flve foot glass hellx

'ﬂ‘packed column It was used at a reflux ratioiof 20“19

"3, Fractlonatlng Colnmn.(Fcr dnstllllng azeotropes)
The smaller fractlonatlng column used for dlstllllng the azeotropes

of the systems studled 1s a total ccndensatlon, partlal take~off column,

packed with 3/16 1n. glass hellces (packed sectlon. length'ho centlmeters,

dlameter 2 centlmeters) The column is. equlpped w1th standard taper
_ground glass Jolnts for dlstil]lng flask thermometer, and take~off.

Dowacornlng silicone stopcock grease was usedvfor.the~thenmqmeter Joint

~ 3Ibid., pe 1lhe

—




16

. .and sfor "the” take'éofi‘ stoﬁcock,- faithoﬁjgh it '-‘was':fouﬁdne“ce;;ssary to use a

. heav:.er 1ubr1cant for the dlS'b'LlllnE' flask Jomt. A vacuum - stopcock

grease. was u.sed for this. The column when operat:mg Was connected to a

_.drymlce trap whlch in turn was connected to the constant pressure control"

' apparatus descrlbed' prenously'. All runs. Were made at 760 - pressure.
Ice water Was c:chulated through the . condenser, The themometer used
was callbrated« in degrees, range ==le° llO° Ce Good correlat:,on was -

’ . . P ’ RN ‘, 5 ¥ \v!'-.'ﬂ:‘?‘"ﬂ" L - cE ; . L N . C s
observed between the ,j‘thexzz}émetear, fand»themocouple’ measurements,

B. Materla.ls

1. Bromlne “;f".“"” S

; Merck anal,rzed C PQ ‘Brom::.ne was used for all systems, No further -

had

pur:.flcatlon was perfomed.

| 2. Solvents X , .
| a. 1 l, 2-tr1f1uoro-l, 2 s 2=-tr1chloroethane :
.r Th:l._'s solvent, "Fre'on 113" Wa.s obtalned from K:Lnetlcs .
Chen.liﬁc'aljsv,' “Inc".. Purli‘lcatlon was performed by dlstlllatlon through the

v_ column desc"ri;loed previously. -A. mlddle cut was.taken, : bo:.llng _pomt range
L6, 6° - h6 8"‘5"0 'at: 739 6. mmpressure. The boiling point obser'ved at

760 ‘mm agreed with that recorded in the’ literature: {bolllng polnt at

- 760 m L7.7° ck). |

b 1 1,1 2=-tetrachloro=~2 2-=<ilf1uoroethane _
This compound "Genetron L31" 5 was obtalned from the General’ '

Chem:Lcal Div:.s:Lon of the Alli ed Chemical and D'ye Corporat:n.on as a solld

- )-‘E G Locke, W R Bzode, andA Lo Henne, J Am. Chem. Soc.,
56, 1727 (193L).
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(melting'point hotéﬁéds),:‘No{further“purificstionfwasfperformed‘due to‘
the fect'that ;-1iﬁited'dua5tiuy‘wasfavaiiéule;' The contributors
descrlbed the chemical as quitp pure At 760 . pressure the b0111ng
point observed was in good . agreement w1th that recorded in the llterature'

(boiling pomt at 760 m 91.5° 05 )e

"G 1 1,1,3 3~pentaf1uoro=2 2‘3atr hloropropane
ThlS solvent was obtained from Halogen Chemlcals Inc., purlty
llsted as 95~98% The chemlcal was procured in 1nsuff1c1ent quantlty to

permit further purlflcatlon@ The 1mpur1t1es were thus tolerated 81nce

:Lt was fel'b 'bhat they Were pro'bably oi‘ s:_mllar type chem:.cal const:.tutlon. .

The observed bolllng p01nt at 760 mm was 72.5° Cs that recorded in the

11terature is 72°°C (no pressure llsted) 6

do Benzotrifluoridé“_ .
» ThlS solvent was obtalned from the Hooker Electrochemlcal
Company, who llsted purlty as 98% (ASTM) Due to its avallablllty in
small quantlty no further purlflcatlon was. uerformed° “ObServedzboil;ng ’

p_oint at 760 mm was 103.79 C3 that ‘recorded in the literature is 103.5° C.7

Carbon dlsulflde

: Cmmner01a1 carbon dlsulflde was purlfled by the method of .

5Loc. c1t° _ R A : 4
IR QA ‘L. Henne, A M Whaley, and J K. Stevenson, J Am. Chemn Soc.,
63, 3h79 (l9h1) . _ e ; , .

TR, Swarts, Bull. Acad. vog. Belglque [}] 35, 375—&20 (1898),

1 abstracted in Chem. Centr., 692 26c?7 (1898)
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Chenev1er,8 LIt was allowed to stand overnight w1th O,5 cc of bromlne

- per llter. The bromlne was then removed by shaklng with aqueous potassium‘.‘g

" hydroxide solutlon untll no color remalned in the carbon dlsulfide layera
This was. followed by drylng overnlght over- calclum chlorlde.' Flnally,
~the drled.carbon dlsulflde Was fractlonated 1n the column previously
descrlbed, a center cut b0111ng po:nt range 15, 2 - hS L° C at 7ho m
being retalneda : _ ' _
The purlfled carbon dlsulflde was placed 1n a tlghtly stoppered
: (ground glass) bottle and stored w1th the exclu31on of light until the ‘
investlgatlon of thls system was undertakeno- A perlod of about ‘six |
months :Ln'bervenede At thls tnme the follow1ng tests were run to ascertain
'that the chemlcal had not becmme contamlnated durlng thls perlod-

(l) Refractlve Index. ebserved at 18° C == 1,6295
‘ _Recorded (18°°C) -- 1.629507

mBmm%m»mmmmmmw%Jc
‘ " Recorded (760 mm) - L46.25° clo

(3) Methods of testlng for C. P,. grade ‘carbon disulfides
, ”All tests for impurities negativell

Co Procedure and Results

i

- System. Bromlne — l,l,2—tr1fluoro—l 2 2-tr1chloroethane

Operatlon of Eqplllbrlum Stlll

_— BA Welssberger and B, Proskauer, Organlf Solvents, (London-
Oxford Univer51ty Press, l93f), pe 170, . T 7 T

. 9International Crltlcal Tables, (New York.l McGraW&Hill Book
- Company;- 19 « 5 T :

101b1d,, (1928), III 231. o

t.and C. P.

11B L. Murray, Standards and Tests for :
‘w;and Company, 1927),

Chemlcals Second Edition, (New York: D Van Nm
“‘“ﬁi§§:§ﬂ - e '
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‘asolutions”ranging iﬂkcompcsitionffrah”b%;tc lOO%:bromihevwere~'

1ntroduced 1nto the stlll by suctlon from the asplrator. A total of .

approxzmately 25 ml of solutlon was. requlred for the resldue and

condensate chambers, whlch were fllLed separately from a 25 ml Erlenmeyer[i

flask- fltted w1th a standard taper female ground glass JOlnt. A long-

© tube extended from ‘each slde of the stlll.‘_When the Erlenmeyer flask

was in p051tlon these tubes reached almost to the bottom of the flaSk‘

. 5o that very nearly all of the contents could e 1ntroduced 1nto the

apparatus.‘ The usual procedun= for- all the systems studled was to start
w1th the pure sclvent and make a serles of runs, gradually 1ncreas1ng

the bromine contento

After the apparatus had been fllled, the external pressure of }
760 mm was appllede It was necessary to. read barometrlc pressure;
1mmed1ately precedlng the start of each run- and to set the gage pressure
in the tank accordlngly;; Both barometrlc and gageupressures Were checked
several tlmes durlng each run, and the gage pressure of the tank changed
1f necessaryo Verw'llttle deflculty was. encountered here, however, J
since due to. the large 51ze of -the tank, ‘the air reservolr absorbed
almost completely fluctuatlons 1n pressure caused hy temperature changes.
The.runs Were generally of only one= to two-hour duratlonewoﬁy

Once the stlll has been charged and- the pressure of one atmosphere

applled, it was necessary to regulate the heat supplled to the flash

ib01ler, the residue chamber, and the portlon of the stlll between the

,1

res1due chamber and the condenser (Ioe water was c1rcu1ated through both

‘condensers ) ThlS regulatlon was extremely sensltlve. If too.llttle

. heat was supplled to the resldus chamber, operatlon wculd cease;,while

PPN
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‘of 0,1 gram sodium caernate'per‘liter;oﬁgsolutione” These solutions. were -

standardized:by'titrationiagainstdo;ZGQO-N'potaSSium-dichromate4SOlution5'

" prepared by direct uéighingm 1Eracticalty:no}change‘occurred inﬂthe
‘standard ofithefsodium'thiosulfate“solutions{iu.the’time'requiredyfor'
their- consumptlon, as verlfned by checks. Starch solution.wasgfreShli"
oreoared about every second dayo : |

After each. run the contents‘of the st111 were completely withe
dra'wn0 ‘More of one of the components was’ then added “and the solutlon

mixed thoroughly. The st111 could then be recharged and another run :

.?madea Overnlght the stlll was always drled out by paSS1ng through it air e

"from a sulfurlc a01d o soda—lrme drylng traln. Due to the hth vola—
N -tlllty of the components, the adherlng lquldS could be eas1ly removed
oy the dry ait, | | ' |
The vaporellquld equlllbrlum data obtalned for thls system from

'i{’the equillbrlum s£111° ‘are given in Table T

h. Results from Eractlonatxng Column o

‘With the data obtalned from the equlllbrlum stlll it was
.:poss1ble‘to extrapolate to tne approx;mate azeotroplc comp031tlon. 'A
“vmlxture of very nearly this eompos tlon was volumetrlcally prepared%and
«fractlonated in the small fractlonatlng column prev1ously'descr1bed thef‘

i process belng carrled out under a pressure of 760 mm, The fractlonatlng

o power of the column was admlttedly low, but éinCe the comp031t1on of the

'charge was almost that of the azeotrope, very 11ttle fractlonatlon was

iﬂrequlred. The Stlll was allowed to operate for a short t1me under total'f

prreflux until the temperature was, stablllzed, and then samples uere w1th~;_

" drawm from the take-off and analyzadm The flrst llqﬂld whlch collected

o

LA




22
“in the take==off tube Was mthdra.wn and dlscarded however, to 1nsure
that the analyses were made dn the ireshly condensed vapor° The azeo=
tropic temperature was recordedg - ‘_ ‘ - »
The azeotrope was found to bOll at hl 0 Co Analjfsis showed:

_’ 45.5 mol % brom:.ne. .

- ce Test for Poss:.blllty of Reactlon | - |
Although there seemed to be” only a very small poss:.blllty .‘
V'that a reactlon had occurred between the components of the system, : |
test was performed to determ:l.ne Whether any ev:l.dence of the fomatlon
of a new product could be found by rei‘ract:.ve :Lndex measurer';ents.: The
1ndex of refraction of the solvent was measured at 35 O C A small :
amount of bromlne was. added to make a solution of approximately 10% by
,weight. The hromlne was then d:Lst:Llled off at the- azeotroplc compos:.tlon

1n the sma.ller fractlonat:_ng columne . When no more brom:Lne remalned in

the column, whlch could eas:L.Ly be d:L‘scerned, both hy the dlsappearance }

po:.nt of the solvent the dlbtlllation was stopped and the refractlve
1ndex of the l:Lun.d remalnlng in the st:.ll pot determlned. , The second -
‘ measurement checked-w:l.th’the"flrst as far as: the aocuracy' of 'th'e w0

refractometer measurements Would allow (f:Lve s:.gniflcant flgures) Data

for th:Ls determlnatlon are recorded Jm Table VI.

A d. Volume Ghange of M:Lxlng
As a f:Lnal detemmation ior the system, a measurement was

N

jmade on the volume change occurrlng on mlx:.ng the two llqulds. The exterit. '

. to whlch the actual volume of a m:l.xture of two l:Lqulds dlffers from the
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( ideal volume g:.ves a very good’ :Lndlcatlon oi‘ the non-=1deal:.ty oi‘ the '

solution.- ThlS measurement :.nvolved merely the dlrect determ:x.natlon of
the volume _re‘sultlng_. upen. them:.;m.mv of approx:.mately equal measured
volumes of the« two c::tamponen«*«‘:.se Ca‘re -Was. taken to. avold any mechanlcal
loss on m:.xing. As was. t0 be expected, a 1arge coollng efi‘ect Was" noted

upon m:.x:.ng, s0. time was allowed for the mlxture to equ:x.llbrate at room

temperature bei‘ore the f:mal volume measurement 1ﬂras taken. The per cent

increase in volume on m:xmg for th:Ls system Was found to be 6»2%. The
data i‘or this- deteminatlon are recorded in- Table VII. .The -per cent?-

increase is reported to two fi:rures, although due to the approx:.mate

nature of the measurement the second flgure is cons:.dered not neces«- e

sarn.ly s:x.a"m_i‘lcant°

24 "Sy‘ste'm‘. Brom:\.ne - l 1 l, 2-tetrachloro-2 2-—d1fluoroethane

The :anestlgatlon of th.Ls system was conducted in prec:Lsely the =

#

. same manner as that for the precedmcr system, except for the followlng

modifications N wh:.ch Were necessary due to the -i‘act -xt-hat “the 'selvent is
a low meltlng solid ratner than a: l:.qu:.d at room temperature
(1) Water at .room temperature, rather than ice water, was -

clrculated through the condensers of the equ:Ll:Lbrlum stn.ll i‘or runs made

'on charges of' low ‘brom:.ne content,: ,to: preyentf .s_olldlf:.cata.on ofg"the

vapor phase in the condensern i o .
(2) It was not poss:Lble to measure the bolllng polnt (760 mm) of

the pure solvent in the equ:\.llbrn.um st:.ll ThlS measurement ‘was made by

'bo:.l:.ng the solvent in a small d:Lst:L"LlJ.ng flask whose outlet Was '

w“

connected to the constant pressu_re controle The temperature was read

d1rectly us:.ng an,A_nschutz _thermometer, range ihO' -=7 lOO° 'C.
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(3) In t1trat1na the samples, one further dlfficulty arose. Upon

- w1thdraw1ng the sample into aqueous pota851um 1od1de solutlon, the solvent ’

,1mmed1ately solldified, soma of the llberated 1odine adherlng to thls
‘solld'mass,_ It was necessany, therefore, toward the end of each t1tration
to heat the sample above 40.6% C, the’ melting polnt of: the solvent in
order that all the iodlne would pas' 1nto solutlon as 13 and allow the
completion of the titration, | A
.'The;systemsforms'anraseotrOpeiof compositionVQQ}dnnol %?brénine
and-boiiing'at 57a8§'0fat 760“mn. No evidence;ofireaction'between‘the
‘components was observed; Complete data from the 1nvest1gatlon are '

* recorded 1n Tables II VI and VII.

'3..'Systen' Bromlne - l l,l 3 3«pentaf1uoro-2 2 3—tr1chloropropane
‘Due to the. fact that bromlne and th1s solvent are not completely
mlsclble, certaln modiflcatlons in the procedure for’ investlgatlon

' became necessary. ..

8o Operatlon of Equlllbrlumnstlll
- The- procedure for the operatlon of the equlllbraum stlll was'
preclseLy the same as that 1or the study of System No. 1 for- ailmruns
fmade on charges of. low bromlne contpnt After a certaln concentratlon
~of bromlne was reached 1t was: observed that a much larger head was

. necessary in the condensate chamber for contlnuous operatlon. Furthere'

more, the condensed vapor phase anaLy51s gave an unreasonably hlgh

B bromlne concentratlon. The dlfflculty was found to be caused by the

senaratlon of - the condensed vapor phase 1nto two llquld layerso

It became’ necessary then to modlfy the method of analysls for
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‘the condensed vapor phase on rins of high bromine content, although the

origiﬁai"method wﬁs:stiil applicable in the single phase‘regiona This -
new'methoa.of énsiysisjrequired first the,determinetionrofAthe equilib~-
rium coﬁcentratioﬁ of the twotiiquidflayers at‘ac‘easily reproduced‘.:
teﬁperatui_ce‘° This wis done.at 0° C as wiil be'explaiﬁed;below,' Once

this informstion‘wés available,1theianalysis-could‘be“made‘in the

_ following manner; After equlllbratLon was complete and samples taken

from the re51due chamber, the entlre condensed vapor phase was w1thdrawn

into a prevxously;we;ghed bottle, having a ground.glass stopperh The -

tightly stoppei!ed ‘bottle was immediately i‘eweighed to determine the

weight of both llquld layers, and then its. contents transferrea to a.

separatory funnel 1mmersed in al bath of flnely crushed meltlng ice. The

£ ~,y,;

4solutlon was allowed to stano at O° C for about*forty mlnutes, durlng

A  wh1ch tlme 1t was felt that equlllbratlon would occur, “then the phases

were separated and each welghed In order to-separate the layers‘lt,

was necessary'to remove the separatony funnel from its bath and shine

a strong llght through the solutlon to see the 11qn1d~11qu1d 1nterfaces,

All this could be accompllshed in about thlrty seconds, hawever, so 1t

was felt that no appreclable error‘was 1ntroduced by the warmlng of the

- solution in that short perlod.

Hav1ng determlned the welght of each 11qu1d layer and know1ng its

‘compositlon, it was then an ea:y matter to calculate the overall composi-

‘tion of the vapor phase,- ‘The accurecy of the method is certalnly less .

| than that of the flrst method of andlysn.so Mechanlcal losses in handllng'

- were unavomaableg A good estimate of - error could be made by comparlng

the welght of the completely w1thdrawn vapor ‘Pphase and the sum of the
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two 11qu1d layers, de‘benn:.ned ai"oer equ:.l:.bra‘b:.on at 0° C the loss be:Lng

of the order of one gram :Ln th.Lr'by or roughly 3%. Calculatlon of the

composrb:n.on mas made on the bas 15 oi‘ the layers we:.ghed separatelv, s:.nce _

it was felt ‘that the mecha_.n:.cal -los's”.viould be dlstrlbuted between both
layers =and‘thu‘s this meﬂhod‘ of “'cf;von‘;puta‘bioxvi would tend to 'lessen the
‘e‘mi“'e: ' ; ‘ |

_Complete Av_a‘,pore-éli’c;iuid_ equilibrium data are given in Table IIT.

: (‘b..'-v Reeults i‘rom Fract-x.ona‘b:mg Colmnn .-

N Two runs Were made on 't.he i‘rac‘blona‘bmg column, approaching
the twoephase azeo‘broplc compo'sl‘bion from both t.he h:.gh brom:Lne and 1ow :
brom:.ne s:.desg The approx:x.mate= azeotrop:.c compos:Lt:.on was de’oem:x.ned
by extrapola‘blon of data ob't.anlea from ‘bhe eun.l:Lbr:Lum S‘blll and’ solu‘b:.ons

"of nearly this: compos:Ltion were volume‘brlcally prepared :Ln each cases
The runs were made ;]ust as prevlously descr:.bed— al‘bhough ‘bwo l:.quid
_phases were presen‘b :|.n 't.he dlsn,llllng flask a't. all 'ta.mesa Resul‘bs i‘rom
bo'th runs were in good agreemen't. and ‘bhe avera.ge value was ‘baken as
't.he azeo‘brop:.-c»compos:r.‘blon. The 't.wo—phase azeo‘trope boiled at h9 l C-

_ azeotrop:n.c compos:n.‘b:n.on was 69.,; moJ % bromlne,

. I.iiqtiigi"‘Ph:éjse Aﬁ'alyses'

: ('.l‘he 'eciuilib;'j,um ctOmpOSi‘bio_nS‘-e;.‘-."themfbu‘ro : llquld layei‘_si present
below the azeotropic boiling point were de‘bemliﬁed‘;in"ox"de‘r that the
coﬁple‘be phase 'diagrein be't.we‘en 0° € and }‘bhe“ b‘diliné po"in‘bi of the solvent
cbu‘ld"be cons‘bructed A quant.: Ly (about. 25 ml) of the solution. 1n the
, two llqu:.d phase reglon was pchced 1n a Wa‘ber ba’ch and allowed ‘bo equili~

bratev a.,jb vamous t{emperaturesv betwee:n 50.0?’ C and the azeo}trop:.c .bo:;l:;ng :
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‘pointe, The' soluﬁion‘» was allowed to stand with' frequeﬁt.‘t“agj.j;ation in the
bath for 'abo'ut one. hour (temperature reg’uléifion £0,1°C), At the end

of - this per:n.od samples were p:.petted from each 1ayer :Lnto previously -

welghed Welghing bottles con‘ba.:l.mng concent.rat.ed potass:.mn 1od1de solut.:.on

and ehalyses Were _macle in the usual manner. : A; strong 11g_ht wes sh:x.ne_d, .
t.hrough the solut.ion in order t}hat'-:t‘he liquid-;iiqﬁid': interface c"oulo. be
easil:} &istingulshed, Great care was taken in wit.hdravung samples in
order the.t each sample should contau.n 11qu1d from one - layer only, The
data obtalned from these detexm:.natlons are recorded in Table IV

B ~ Although these analyses were carried out at normal é.tmospherlc

pressure 5 Whlch averaged perhaps 20 fm less 'bha.n one atmosphere . 11; was.

felt that t.he effect. of t.h1= pressure dlfference on the result.s obtalned ‘
© was totally neglig:.ble.' ' - | | |

4

d. Test for Poss:l.b:n.lmy of React:.on

Thls ‘test was performed in exactly the same manner as that

for System No, l.. ’I.'he data a‘re giv‘en_,; in Table VI,

o - Volume Change oi‘ MJJ:lng

The procedure was t.he same as t.hat for Syst.em No. l, except

'-that due to the l:un:.ted solub:.llty 1t. was 1mposs:|.ble to prepare a s:.ngle-

phased equ.l«-volume m:.xture. : The per cent volume :|.ncrease for a six to
one (solvent. t.o brom:.ne) volxmetr:.c .solut:.on was approxmately 2%

Complet.e data are. g:l.ven in Table VII.

)4. Sys-';c}e.'m‘: Brom:.ne - Benzot.rlfluor:.de o

All procedures used i‘or th:.s :.nvestlgatlon were. preclsely t.he

same as those used for study of System No. l. An azeotmpe was found to
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. CHAPTER IV

-.'DISCU%SION OF RESULTS

I .

1, _Systen- Bromine . 1 l,2=trif1uoro«l 2 2-trichloroethane

Plots of the vaporbliquid equilibrium data are given in Figures
1 and 2. Figure 1 1s a plot of equilibrium temperature vs. mol fraction
bromine, the lower curve being liquid phase concentration and. the upper
curve vapor phase concentratione The azeotrope is seen. to boil at

41.0° C at 760 mm.pressure, a boiling point depression of 6 6° Co This

» large depression is consistent With the large internal pressure difference.“

(3170 atms) between the components and With the high per ‘cent volume
increase observed on lelng equal volumes of the two liquids (6 2%)
Figure 2 is a plot of mol fraction bromine in the vapor VS, mol fraction
bromine in the liquid the curve crossing the L5° line at 0. h55 mol
fraction bromine, the azeotropic compositione i

The likelihood of react:on betWeen.the components, ag discussed in

,-Chapter IL, seemsd’ very small. The test performed in determining the

refractive index of the solvent before and after refluXing with bromine

’rather'conclusively verifiedftnis’assumptiona

2. System’ Bromlne - l,l,i,thetrachloro—Z 2=difluor0ethane

Figures 3 and i are’ plots of the vaporeliqu1d equilibrium data
for this system, corresponding respevtively to Figures 1 and 2 for

System No. lo ‘The minimum boiling point, that of the azeotrope at 760 mm,

is Seen to be 57 8° C a depression of 1. 1 C. This boiling point
depression is large considering the great difference in boiling points |

*”of the constituents, again shoWing con31stency with internal pressure

S
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_difference’(2960 atms) and per cent-volune increase onvmixing (L. 7%)»

The curve in Flgure h is seen to cut the h5° line at the azeotroplc

o comp051tlon, 0. 908 mol fractlon bromlne, )

The possiblllty of a reactlon between the components of the
system was falrly concluslvely ruled out” by the test performedo Thls'

was expected to be the case»

3, - System: Bromlne — l l l,3,3=ppntafluoron2 2. 3~tr1chloropropane

In Flgures 5 and 6 are plotted the vaporhllquld and l:.qu:.d«= .

llquld equlllbrlum data obtalned from the 1nvest1gatlon of thls systemo_
: Flgure 5 is. the complete phase dlagram of the system above ! O° d, show1ng S

_the bolllng polnt of the twonphase azeotrope to be h9 1° C and its f’

comp051tlon O 695 mol fractlon bromlnee The 1arge bolllng point depres=

tslon exhlblted ‘and the fact that the two llquids are only partlally ‘
m1501ble is 1ndlcat1ve of the large dev1atlon from 1dea11ty of the.

'solutlon._ This is conslstent Wlth the large 1nterna1 pressure dlfference

between the two 11qu1ds (3340 atms), the greatest of any of the systems )
1nvest1gatedo In regard to the volume change of m1x1ng, 1t is. not fair

to make a comparlson between the proportlonally small per cent 1ncrease'

“observed for thls system (2%) w1th that observed in the other systems

'studled slnce due to the llmlted m1501b111ty~of the components it was

possible to prepare & mlxture of only relatlvely low bromlne content :

and stlll retaln a 51ngle 11qu1d phase,

,,,,,

B

Flgure -6 1s a plot of mol fractlon bromlne in the vapor vso mol
fractlon bromlne 1n the llquld analogous for thls type of system to

Flgure 2 for System No. 1.’ The curve’ 1s seen to cut ‘the h5° llne at

“"the azeotropic. comp031tlono
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As dlscussed in Chapter 1I, the pos51bllity of- reactlon between

' the components of the system seems nlchly unllkelye Ihe‘results.of the

}test for evidence of reaction_carrled out were not absolntely conclusive,

sinoe‘a-ohanéehwas%noted in.the»fifth'signifieant*fignre‘of-the measured
refractire indices; ThlS sllght dev1atlon 1s not attributed however,
to-a reactlon between the components of the system, in view of thelr
very-naturee The change may perhaps be’ ascrabed to tne presence of a

small amount of low b01llng 1mpur1tv 1n the solvent In any event the

.change of the refractlve 1ndex measurement 1n the last flgare is not

felt to be of s1gn1flcanceo ‘

Lo System. Bromlne - Benzotrlfluorlde jf‘:?;[ i

: Flgures 7 and 8 are plots of” the vepor-liquld equlllbrlum data
for . thls system, correspondlng respectively to- Flgures 1l and 2 for -
System No.. 1. From these two plots the azeotrope is seen. to have a

oompos1tlon of 0. 967 mol fractlon bromlne and a bolllng polnt at 760 mm.

“_of 58‘1 C. The bolllng p01nt depres51on, Os 8 C is con51derable in

view of the great dlfference in bollln polnts of the constltuents, e

ehowever thls, as 1n the case of’ the other syetems, is con51stent w1th

the large dlfference in 1nterna1 nressures of the two llqulds (27h0 atms)

In addition to tnas, the per cent volume 1ncrease observed ln mlxlng

(h h?) 1ndlcatés the hlgh dev1atlon from 1dea11ty of the solutlono

The . chance of a reactlon 5 occurring between the components of

thls system seemed greater ‘than 1n the other systems 1nvest1gated due

to the presence of hydrogen atoms on the benzene ring of the benzo-'
:;‘trlfluomde° However, as. ment:oned 1n Chapter II " the presence of the

'trlfluoromethyi gronp on’ the r:ng con51derab1y 1essened the p0551b111ty
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of a reactlon 1n the absence of a catalyst0 The test performed'ln
determlnlng the refractlve 1nd1ces of . the solvent before and after

contact w1th.brom1ne appears;towverlfyethls conc;u51cn5;fﬂ

5o System Bromlne - Carbon Dlsulflde D

No deflnlte conclu51ons can be drawn from the 1nvest1gat10n made E R

upon thls system due to the reactlon that occurred dur:Lncr 1ts course.

The prellmlnary data obtalned, showed no 1ndlcat10n of the system's

o exhlbltlng~azeotrop1c phenomena¢ Desplte the fact that the b0111ng

"h'p01nts of the llqulds are not far apart 1n V1ew of the relatlveLy

' small 1nterna1 pressure dlfference between the components (1030 atms)

this is not surprlslng It must be re1terated however, that no " f'

deflnlte conclu51ons could e drawn from thls study concernlnv the

" vapor-liquid BQUlllbrla for the systeme ,'

The'reaction cbserved was surprising cpnsidering;that‘no'mention

of the occurrence of,such a reaction was found in‘the 1iterature; It

is, of'course,<within thesrealm of possibility that the reaction wae

caused by the presence cf:SOme‘impurityfin the solvent,talthcugh this__

. Seems unlikelyﬁin View cf the fact'that standard’teStS'made‘for the

presence of any 1mpur1t1es in appreciable quantltles were. all negativen

It is not possxble w1th the 1nformatlon at hand to make any statement

concernlng the nature of the roactlon, since no 1nvestigat10n of thls !A

matter was pursuedo ,i
In general the experumentally obtalned results from all the
systems studled w1th the exceptlon of System Nb. 5, are ln accord with

what mlght ‘have been predicted from a con51deratlon of the propertles

0T these systems. ,A_comparlson of the phase dlagrams of the varlous RN
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34
'CHAPTER?V;I; 7‘

SUMMARY

for i‘:.ve systens ih%olvi’ng bromine aﬁd bromine'. sbﬂlvv‘ents, .

i

2e Results oi‘ these :anesti ga'b:.ons Were as follows'

2,

b,

Co-

de

€o

‘S;rstem° Brom:.ne —— 1,1, 2-t:~:|.fluoro=—l 2, 2-trlchloroethane

Azeotrope ~.’c‘o:L<"mezdn Bo:.l:.ng po:.n'b (760 mm) s .0° C

Oompos:.t:.on, 0 h55 mol fract:.on bromne

'syétem:*fsroﬁinev—; 1,1, 172=te£rach16£c;2 2—diflﬁbr¢éthaﬁe

Azeo{;rope' formed: Bo:.L:Lng po:.nt (760 mm), 57.8° [

Compos:.tlon, 0 908 mol i‘ractlon bromlne

Systems Brbmine - 1,'1,i ,3 3-pentaf1uoro-=2 2 3-'br:.chloropropane ,

Two-phase azeotrope fbméd. Bo:Ll:Lng point (760 mm), h9el c

'Gompp’gi_t;iop s o, 695 ‘mol fraction bromine.

Sy.étem:- Bronune — Bemotrlfluor:.de -

"Azeoir@pe formed: Bo:x.l:.ng po:mt (760 mm) 5 58,1 C

Comp051t1.on,- 0,967 m_ol fract:.or;lbromine

System: Bromine —- Carbon disulfide -

Investigation discontirued due to occurrerce of reaction

3. quuid—llqm.d equ:n.l:.brlmn measurements were made for the system

brom:l.ne -1, l,l,3,3=pentaﬂuoro-2, ,Bmtrlchloropropane, the const:.'buentS"

being only part:.ally mlsc:.ble.,

b Weasurements were made to déterkri.ne ‘the per cent volynné»lchangé
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| ‘TABLE T3¢ Vanor—L:.qu:.d Equlhbrla Daté for System Bronu.ne el
. ' 1,1,2=trifluoro=1,2, 2—tr1c.hloroethane

Temperature RE Mol Fractlcm. Bromlne . 'M61 Fraction Bromine
°c el __in Vapor - . .din liquid

W 000 L 0,000
| R . 0.105 'r%:: B 0,049
We o 197w; S o
h3;h5';f',5 B 0, 2h8,i:;_;'*m'u« 038"
s o 307faﬁv'f*_x R 00260 4
11,0 "«.>if' o fo bgs O ouss
e o 523'f“f o
2.0 S .'o 551. O 0.839
sl | - -'.@590’;ff o - 0.889
Wi el 0.919
5.6 o 0.973
58,9 1000 _f'gii P 1eo¢o
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TABLE II: VaporaL:.qu:.d Equ:llbrla Data i‘or System Brom:Lne -

11,1, 2-='hetrachloro-—2 2===dif1uoroetha.ne

o Temperature

°C’

. Mol Fraction- Brem:.ne

in Vctpor

Mel Fractlon Bromlne :

~in quuld

91:6_

e
e
“nale

e

LS -
57,9
. 57.8

57.9

b. SB.)J

58,9

0.000
0.1k
0161 .
'o 600_{_"
0 726f 3
00778"
éieé?«i -
0u08
0,525
o.98L

1,000

0,000
0,027
0,138
oi23

0.389
0.508 |
0.872
62908
0,935

0,991 -
1.000




‘TABLEJiiIQJ Vapor-alquld Equlllbrla Data for System Br@mlne =
' ' 1,1,1 3,3=pentaf1uoro»2 2 3=trichlor0propane

;Témperature'

¢

Mol Fractlon Bromlne '
' in Vapor |

S

Mol Fractlon Bromlne
in quUld

. ;  7295}'J}';"
666

‘62 7

ﬁia_?,:gg l ’ié’fgm””wﬁ;_

%t51 0

. h9cl
53.0° -
Y557

56.5
. 56.8

57.6
58.9 .

0,000 ..

0,217

0.3h2"

"Qth?% ”ﬁ

e

fQ?69§°J
R s L

0.802

- 0.81%

. commen

anem e

1,000

0.000
0,049
."Q,087-
‘Oglzq§f”
0,146
0,378
0,961
0,978
Q.981
6.985
0,995
| 1,000

 ®finalyses pérformed gravimetrically ( see page 25).




TABLE IV: Liqu::.dala.quid Equl:n.brla Data for System Bromn.ne
1 1,1 3 3=-pentaﬂuoro«=2 2 3=trichloropropane I

Température

og

Mo] Fractmn BBrom:Lne

Mol Fract:.on Broznlne b

o,o&m
20,3
35.3

| 10.1

b5k
L8.0

“in Upper I;ayer

Co.210
o8k
0.3L -

050k
09529 . ..:.;. S

1n Lower Layer
0,97
0.971

, ",éa‘?ﬂ!-

. O.?h_z ::
0,935
1 0.926




TABLE V: = Vapor=L1qu1d Equlllbrla Data for System Bromlne -
Benzotrifluoride Coe :

Tempera‘bﬁiﬁé‘f :

°C

Mol Fractmn Bromine
in Vapor

© Mol Fi‘d¢7bibn Bromine
in Liquid

103.9
19605

- T

| 61 o |
e
58.1.
) 58'55"

58,9 -

0 OOO

’ifo,578f”° SR

"jiO 865'
o 9Lé~*f
0.967

0,978

1,000

E'5”'0 386e;3g;%”' |

0,000
0,010
0.080
10.175
;Eo,298
.'o§63o 
093k

' 00967

0,988

1,000




TABLE VI Data on Tests for Evidence of Ree{ct:.on

. : L Témpér)aturé.:@f R Refract:.velndex i
Solvent“ c ‘Mea_sugenients o ~before Contapt

‘Ref:?a.citi?e' Index
after Contact

| . with Bromine
CFgc1¢FC12'»' o ago . »§ l;;351é
CC15001F, - W,";- fi1h5;o§’f;fL;_3;“Mﬁlinosz
CFa001,CFaCL -*735;03,"%;:fﬂgf' 13153

CeHsCFs 380 . CUuuers

with Bromine-
. L
. 1.ko32
1.3458
_»:1;'_h073‘




‘ Tamper5 

TABIE VII: Data on Volume Changes Observed on Mixing

_°c ‘ o mls  mls . . mls -

mls

.. 'Vel.'of ‘Voli of Idesl Vol. Actual ¥ol. % Vol.
ature - Solvent  Bremine Solvent of Mixture of Mixture Increase

30 CFCICRCL,A L2 170 . 3.22

b5 CCLOCIF® 3,20 . 3.87 - 7.07

28 - CFSCCLCF,Cl 0,50 3,00 . 3:50

23 ColaCFa2 2,00 2.10° .. 'L.10

aCons_iderable ‘cooling noted on mixing with bromine.

3.k2.

1o
357
 L.28

6.2
L7
 '2.0'1
bl




TABLE VIIT:

l Compohent»

LS

ﬁaté'oanhyéiéal‘Propértiéé;QIfSyEtéms Infestigatéd“

B. E, Obs° lefe Ain Den51ty'(t°c) Molar  Internal: le%l in.

at 760 mm B.P.'s of o Volume Pressure Estimated
" Brp and 0 at t°%C 'Estlmate ‘Internal
Solvemt - . . . . . / . Pressure
‘ : . 'of Bry and
Solvent

kQC““_fC '  @ﬁﬁﬂiA7f ﬁﬂs ':7#m$._'mmsi

Brg o
CFoC1CFCl,

CC13CCLF,

+“GF3CC15CF,CL

‘CeHsCF5.

CSp

fi,fs,§f e 3.10'233;"(25)‘5. 5152 5390 --
D6 13 LEsk (5 L9 2220 3170

“91:@:6 32,7 ’ﬁ;osfﬂiﬁc 17,6 2430 2960
1250 1.6 L6200 23 200 3300

10359 .hseo' 1. 19632 (1u)e" 1221 -‘_265'0‘ | 2_7&&} |

h6.3 12,6 1,25514;_(25)5," '-;6beéh 1360 1030

aInternatlonal Critical Tables, CNeerbrk.

III 20,

;bE G Locke,'W R. Brode, and A 'L, Henne3 J Am.ﬁ

(193h)

rn— _‘———--

cDetermlned experumentally.

dg. 1., Henne, Ao M. T Whaley, and Il K Stevenson, J. Am, Chem. SOc,, 63,

3h79 (19&1)

&Che. - Centr., 69 s 26-27 (1898), c1t1ng Fo Swarts, Bull Acad. roy..

Belgique {37, 35, 375-&20 (1898).,

. fInternatlonal_Crltlcal‘Tables, 220 5itJ,‘p;‘23;. 

McGrgwaill Book. Company; 1928),
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APPENDIX II

“SAMPLE CALCULATIONS

1. The calcﬁléiibh*ihﬁblvéd in the'anéinip31'prbcédﬁfe.for'détermining'

bromine concentration in single phases is illustrated belows:

Data

Weight of weighiﬁg bbttlé&éhd‘KI soluticﬁ=;-\f ©71.3030 gus
1ght of we1gh1ng bottle and KI solutlon + sample == 71 9766 gus
Wélght of sample - "*': i :.v~ f 1 . O 6736 gms 

Mllllllters of O 2068 N Naasaoa standard solutlon =="16,37  uls

‘caléulatibﬁ'f

| Reactions involved: 3I” + Bry = 2 Brl # I3~ .

 iI3“‘+ 2'S2O3; '=l 3é;?Lff§;0 fi;?

-Equi#éiént wéight of iodine

Thus: Equivalent welght of bromirne =
Equ1va1ent weight of nodlne = Gramwatomlc welght of 1od1ne
= Gramratomlc welght of bromlne

“Equivalent welght'of bromine

Equivalent weights of bromine = Normality of"NaBsao‘3 solution

x I&’Illllliters Of Na,23203
1000

0, ”oéé‘x’16;37” i
1000

0,003385

1/2 x Equ1valent welghts of bromlne :

Mols of brdmihe .

1/2 x 0 003;85 0 001693

Weight of bromine = Equivalent weights of bromine x Bquivalent weight.

of bromine

= 0.003385 x 79,92 = 0.2705 gms




‘Weight 6f CCl5CC1F,

,Mél fréqtiéh~br0mine"Fc

: _,D‘at;ae Pl e

' Caleulation

10,6736 -0.2705 "= O, u031 gus

Wélght of 0013001F2 o L
‘Molecular welght of" CClBCClFa

Mols of CClzCOLF, ="

. 0ukO31.
203 86

. o 001977 o

Total mols = MNols of bromlne + Noles of 0013001F2
= o, 001693 +0, lOL977 © 0.603670

Mols of br@mlne,;
. Total mols

Loy o
o 0,0636?6 G M

.mlxture of. bromlne and CF3CCL20FECl

| ‘Upper-layer' Welght Eractlon bromlne ' 07200
Lcwef'iayer°“ Wélght fractlon bromlne = 0.960

Weight upper layer -- 9,862 gns

'Wéight lower layer w»22i7581gms

Total weight sample -- 32.620 gms

*

bromlne

‘Weight of sample - Veight of‘ﬁrbminé

'77Equ111br1um br'mlne cencentratlon at 0.0° C ln uhe two=phaSe liquid

= 9,862 x 0.200 é‘ i.972 gms

55

| i%§ Theﬂcalculatlonrlnvolved 1n the analytlcal procedure for determlnlng

Qvéralllpromine;?dy* "tratlon 1n ccndensed vapor phases contalnlng two

, Wéight bromine in upper 1ayer"é WeLght upper 1ayer x'Welght fractlon




_ o

‘Weight bromine in lower layer: = Wéighf*Ibwér,layér“x Weight fraction
| e bromn.ne

%’ @758 %0 1960 = 21,848 gns

- Total weight ‘Bi'bmiﬁe Welght brom:z.ne in upper 1ayer + Welgh'b bromlne

1n Lower laJer

1. 972 + 21 I z#l 23 820 gms

Tot.al welght CF300120F201 "['otal wen.gh'b sa.mple - T0ua1 Welgh'b brom:.ne :

32 520 - 23 820 '; ,8;800'gms :

ﬁ 18 broming To-bal wen.gh‘b bromlne
omine =.
o%s bromime : Molecular welgrht bromlne

, 23 820
’159 ah

"011E9Qf"f 

Total we Lgh‘b C’FacCIZCFEOI -
- Molecular we1ght CF3001qcr201 .

Mols CF3CCL,CFaCL =
. §2§99_ - 0;0371.
o 237.1a

Mols bromine + Hols OF3C0120F201

Total mols -

101490 + 00371 = 0.1861

L . ‘Mols bromme o
Mol fraction bromine =
- ‘ .Tot.a.l mols .

: " 0 0,110, @,SOG "
- .0, 186L o

3. The calcula‘blon mvelved ln determ:.nlng 'bhe per cent volume 1ncrease

occurr:.ng on mlx:.ng lqu.ldS lS J.llustrated below"v

Data

Volume bromine added == - 200 mls. . T

Volume behzotfiflﬁoridé-addedtQGiZ;lo.mls‘
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Actual volume :of.‘mixtui'n - h.,‘-S mls

Calculation

B L i il

Ideal volume of"mi'.'xtf_t_-;reb e Volume bromlne added + Volume benzo-

1,:c'lfluo r:Lde added

[}

2C)O+2.lO thmlS-

- Volume ianéase‘_‘ Actual volume of mlxbure - Ideal volume of m:xxture

'll

h28-h10 Olel

L . - .Volume :.ncrease o o
Per cent volume increase = - x 1009
AN ‘.Ideal volume o.E‘ m:.xtule < ,

. O, 18 ‘ o
= X 100 hohd -
o < %‘ A
h.; The calculat:.on :anolved in estmat:.ng the 1nternal pressures of

the llqun.ds studied is. 1llustr=Lued below. e

.. Data -

Liquid - .CF,C1CFC1,

Boiling point at 760 mm == L7.5°

a -

Density at 25‘° C ~=--l,56h gns/ml

' .Calcula‘blon (See page 7 )

Energy of vaporlzatlon '-_=_"'_<.A Ey . 5280 + (2LL 5 x atmospher:.c b01ling
| pOln'b z.n‘ C)‘ o
= 5280 + (2u 5% m 6) 6h50 cal

’Molecular welght
' Densrby at 25 C .

Molar volume. at .25'9 C Pl V

S 187.40 o
= = 119.9 mls
: 056‘4 ‘ o .




'A'EV)

, .6-459— - 53,9 cal/ml = 2220 atm :
9.9 T T T o

Be

Internal pressure

. "
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