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I. ILThODU"TIDE AILD LLTDE:TLAE

m . "TD-.1 7’ ~~ . “’3. - - -~ .
lge cell H“, LLL, HggLerg + g; ”Le Moaswred 3L con-

centrntion from 0.05 molal to 2. e molnl 1L ordew

detesaine the activitg, coefficierts of hydrobromic ecie

in water, and to obtain more data on the electrode

potertinl of th: mercury, mercnrovs bromide electrode.

The only Jute available on the activity coefficients

of hydrobromic acid are tfie followin“:

Lewis and Store)": ('3. 1?. Lewis and l:j..”‘1f“!1 S’Lzorch,

J. Am. Chew. 300., 30, 2544 (1917). They evaluated

activi‘v coefficiev,s of Lydrobronic acid from measure-

meuLs of the cell, H2, 13?, Ager + A3, at conceKLra Lionrs

0.01, 0.05, and 0.10 molel.

Bates and Kirecoxenn: (Bates and Lirecqwenn J. A1.

Chen. 500.,‘él, 1901 (1019) obtained vapor ocecfinve

measuremerts on hydvobromic acid from 5.8 to 11.0 nolel,

and calculzitc d the free energv at various concentrations.

Livirteton: (R. S. Livingston, J. Am. Chem. 800.,

48, 45-55 (1925), evaluated .cLi vitv coefficients by

hydrohromic acid from 0.08 to 1.55 molal, usin, the cell,

H2, H3 , AgBr + Ag.

Earned: (K. S. Horned, J. Am. Chem. 300., El, 416,

(1929 gave values of activity coefficiehts of hydro-

bromic acid from 0.01 to 5.0 molal.

Iatthewg: (Julie L. Eatthews, Ph.D. Thesis, I.S.C.,

0&50) discus es actf_v:1tv cochiCJeaas of Fyirobromic acid.(
/
1

1073 ‘11;



13:] Dr} 0 l-:8t1 H'62-‘IHH'S (T

“-cL111.n SteLe Co

t:e hvdro"JD, whi

and the treat

tation.

The tunlrogen

ordinary

Capaci'j, fth’1

four foot length

diameter, a Small

cathode. 1'1‘.e cat;

on the outside

of ”e1 gauze,

of the tube exten

five pound bottle of

of

be

03 SUESIALCES

es usd were nrenlred as described

o. L. .IuUL'Le‘lo, P1lgD. 111113313,

liege, QVO), itb the cxceotion of

c1izzas rw11e191~31 elxnztroljrticaljyi
U

of mercurous bu mide after precip-

generator usel 001 sisted of on

about imo liters

wi'tn 3 rubber stogper carrying a

of glass mnbing 1% incles in

deliverv tube, qnd tbe W139 to the

1018 was 03 nicgel gauze, and was

the large tube. The anode was also

and i,sid the large tube. The end

ded to about two thed...‘

bottom of t11e bottle, and was covered wi‘h two thick-

nesses of asbestos pager to prevent diffusion. The

electrolyte was 15; LaOH.

/

Fifteen vol
J-

US was suffi eient pre sure to Operate

the 3e aerator satisfactorily. The generator drew

about 2.5 anperes on 15 volts. To obtain COLSLah.

Operation, three four-volt storage batteries [ere put

in parallel with the line in such a manner tint w’en

the current in the line was S1111b off, t‘r‘e gge‘rr rowior

Operated on current from the storsje batteries, and

when the line current was on, the batteries were cbsrged.
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_
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b
-

,'v_ .-. _ _ , . - .. .! ,_, - .. ,., , A J- ..

‘0 "141’091114 as it, 0511133 ITO-.11 the generator 118.8

J- .1. ,..__ (q ,3 3.. .0 ., -

passed through water, and then over a JOh platinum spiral

.1.

to TGWOVG EYE?" L'l-"I'WCB of ox-H»(3.1.

d

lLe seneratoz we; run continuously for several months

with no attention other L.han t}e occasi-orel addition of

mall amounts of water, and the ordinary Cure that stornfie

batteries would lequire.

The mercurous oronide was D“epnced t7 adding 3 liter

of . 2L potassium bromide to five hundred 'illilite;'*s of

mercurous nit'ste which was about .OSI, thus lceegirg Kg+

in excess.

After precipitatior the wercnrous ar-rwi3e was

allowed to se,tle; tue supernatant liquid was d:awa off

by suction using a piece of glass tubing on which was a

cotton filter. The DLGCioitdte was then washed eight

times with one liter portions of evacuated watee; the

rinsings were drawn off as completely as possible each

.1. '- 1..-- n ‘ 1-: _. - - 1.1.. o g-

ine My use 0L suction and cotton filter.

EduaxHasned preciuiimfimazwa: transferummi to n 800 cc.

-- - " 0 . - , .- o -_ 4-4., .(

Erleaumgfiei flzuflc. ‘Ihis VHHflLGJ arulaiM’lll'lcfl:pPBClpiJM4w3 was

0 ,
3

’
9

6 }
.
1

K
“

then evacuated by usin;_; :2 stepper WM s.

L
t 1‘ ‘L‘ '\ 1"

J-

tten dueWCbe; LOzuid.218piiuitor'.fihie Iiitrwijera liars mute

the inlet tube, and toe stopcocfi slowly Opened. “we

sto;3er was then removed and a SCTBBW o nitrocen was keot

go the omen Erlennever, affiaile the 7771oiacel was

rinsed several times with the desired concentrstion of

hVdrobromic acid. The mercurous bromide was then nllowed

to stand undeer the h}Uremicic acid for at least thirtY‘

_
.
_
-
_



asix tcnxrs, xvi,?uamt laeest inxo "KN79 c:wr7*es o? ljnlro.13.%)¢ic

acid.

‘ ° ‘ ' ' ... . , “q ‘ "a ‘ “7 ' a M"; 2. 1 .1‘-':r‘"a’ _

i”1aiejlljy, tTa; s11s:3e-;siu3a1 ‘3; :LJI CLIL<3MLJ Ji 0 -1 he iii : “*ILL)

wrooraic acid was reusfe "red in o a 250 cc. :::r‘31:»'...‘~~:tor:r

funns ; sone morons? was else aliel, ”P9 Y”‘ ‘i"iuce shn“e:

for at least tw. sni one-Half Hour“ an] I‘e cells filled.

III. ATALYSES

In an ettenpt to explain some of the di_?f icultfes in

getting e.1.f. o‘ecfis on tFe s"°,e1 being studied, it was

considered advisable to analyze tte acig from egch individ-

The concentration of the stock sci; solution was

:1 -. ~- 1--w '1‘ ‘7' . ’ »\ *fi - 1x .- -'. - ,n ‘ J- . .\—'- 1-‘ , ,.

SOului nfurolide solutioi LCLOPQ coin) pit lMUO 9W3 cell,

, 4A-, 1-. . v-.. . .- 1 9—1, .« ...-
\waen LHVB co:than:‘Iuiorai.as .uuive (3.1 5mflJil, cwi u u: cormysn-

iuw+hiou of tlvazicid Dctnwlj. “toPen leuxifwei‘NIV-celfisai es

(letepfiircd_LIuUfiLuetricallgcan; silver'idfliiide. livmi the

CO}KAI‘pT“HvJOP \nQS O .l_niol:fil or 1333s iflie (NMice'fn_utiLni of

the ecpili‘tumt ad acid. ‘ we meter 11- "ed l1" titratingj \.':’t_‘:1

. a. - .0 .,- 1.. s a. -,.- .0 ., L in.

stoodsimi werexdmuis n lifiuxa soluti_u1, accoumlci; ncw ume

4. V n v- “.1“ - _. _ r70 -, -, - (c.

dethod 0L L. von éoiuory, (L. voo soho~\ Z. noorb.

l‘illgelllo ClirJiLO, -94‘, 25? (192/39 .

«in; burettes were used

13.770111: five aii].121111363 1" :3 (a f {1qu no. i :7 $791" '3 371111 17-1170 0. fj



milliliter beaker, ten drOps of bromphenol blue indicator

prepared according to W. M. Clark (U. K Clark, "The

Determination of Hvdrogen Ions”, third edition, p. 91.)

Then the bydrobronic acid was run in dropwise until the

precipitate turned from violet to cream color. Then

small amounts of nercurous n’,rate and hydrohronic acid

were added until the end ooint was reached accurately.

At this point the precivitate appears partly cream colored

and partly violet. Io wash water mo?

These analyses showed that, in Teneral the acid

,

1concentrations do change. I
.,

J (
D

original corcentrstion of

1

e equiliorium concentration, and the
J-1

acid, fie avers

change in concentration are given in Table I. All con-

centrations are exuressed in mols per thousand grams of
.L

water througnout the tnesis.

TABLE I

Iolality of Kolality of Change in

Original Acid Equilibrated Kolality

Acid (av3.)

0.04757 0.0474 -0.0001

.1044 .104 - .0004

.2868 .200 + .003

.5008 .503 + .002

.8-[
.
1
3

0
3

8 .8358 + .010

‘
J

(
O

Q
)

A
?
)

o i d
)

+ .012

O
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o d }
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t
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i
n
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l
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m
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6.

This change in concentration will effect the value of

E0 and the activity coefficient. Since the concentration

in each cell was somewhat different fro the mean the

value of E0 was calculated for each cell, usinf the

activity coef'wic m1ts Sivan av refined (1.5. :ar ed J.

Am. Chem. Soc., El, 41% (1029). From the average value

of E0 for any concentration, the value of the E of the

cell at the 1eare23t round concentration was calculate;

and ot7z~1er calculations based on this value.

IV. TIE CELL: SETEIIG UP AID Isms.njfjTS

Tne cell was designed to perxit ease of filling, and

3

to make it possible to fell without ad1ittin”I

'J
oxvrg.,11.

The hydrogen electrode vessel was made of one inch

pyrex tubing, witn the hydrogen inlet tube sealed i11to

I“

the bottom. use tube connected to the twe-way stepcock

was sealed to the side of the tube.

The platinum electrode was a piece of fell about

3 sled into a g1ou1n1 Flags stopper for
’ u

the hyd1o snilectr01e vessel.

The nercurous oro1de electrode was a 25 cc. dis-

tilling flask, with the neck leistne1ed. The side arm

of the flask was sealed to one arm of the two-wzy stOp-

cock. Connection with tre a‘1curv was made pOS"b1e by

a tube sealed onto the bottom of the flask. The vessel

{'3

o. a convenientl
‘
l

P
4

was closed by a ground glass stogper ma.

size of tubing and a stepcock. The cell is shown in Fig.2-
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In filling the cell, the nercurous bromide electrode

was first flushed with nitroren. ine11 sufficient mercury

was introduced to make a small button in the bottom 01

J" " fl " --”. ' ~". "‘ .0 ‘ "." fi , 1"“o I""»' "“' “z _ (‘Ifi A ‘ 1". T“ ' .1 ""‘

tue flash. altrOQen llUudu u10u3d tub Vessel contiMUJlig

'0\ "' ' . -" “ ’- I ~ -1 "‘. JI"' '_ J" .1' ‘ J" .3, '--\, '1

tlusou tine SJAJB tuna, ’1W1_ -1t 1Jwe tog). 'maxt tire 113IWflIBCNJS

. - v-1. .0 ,- -1 .. .' :1 -.

Jo fill LNG ilash and Side-arm

i. idée :1siil VfliS (iranvn 1r; i11to

the stepper stopcock.

text tn-e s:1turator was flushed out with W11ro3en,

and filled witin hydrobronic acid of the ease concentra-

ion as used in tlie cell.

The hydro3en half cell was 11e1 filled with acid

while n’tn03en bubbled up through the hvdro03en inlet

1 .1. 2.11

inc plstinun electroee (platinized by making it tne

a, ’r o o o _ O o

catnode in a 1t chlorplatinic aCid sol1dzion con Lnin

I"

a trac: 01 lead acetate) was put into place, and the

cell placed in the thermostit, nni nvaroin started.

leasure1ents cowl' he he3un about one hour after

starti1‘13 the 1131-113 3en, but in general no re li :31? 1e

measurements could be made before twenty-four hours.

The potential :1easuredents were made wieh Eolff

five dial potentiometer ($.012 and 3 Leeds and Iorthrun

type K series of ”alvano:1 er The galvanometor and

dampi: kev w3e on a sepaw‘te shield, insulated "

glass from the 331ield on WM.101 the potentiometer rested.
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x O

T36 vegkisu b1tte2y fol tfie totextiemeter stood on a

heavy piece OF insulstgqg hoi’d. “Le “”Jleiifld iron

tank 0; tFe oil but? was electrical y connected to tLe

pote;tiowetep shield. The d,tai1s of Lao shweldxng

system are shexn in uh; @119? 1 (Fig. 3). *‘e Jehefinl

s hlJO was aeeoriwi to Jules ('. P. .‘ifie, 5. A1. ”091.

300., 55, 2011, 191é}.

“iii? t51-330 ‘;{tIIPC§S m1: ifi=i-ell tile 1 KBRfSUl‘B aeiwtss $131”) 510419

C
T
]

were: 20.000, 25.020, and 5 .5800, as measured on B. of

‘1
.

S. cwevfiometer To. 493/2. Bhese temperatures were con-

stant to au'i-;11i11 .OlOC over: 1011;; periods. [he bath was

the oil bath described by C. D. Tuttle (C. D. Tuttle,

L.S. Thesis, L.S.C., 1931).

'03. 2308” and 2.
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V. THE VLLUE OF TIE JLJoimoD“ PUTflfigliL.

DP. Lutthews reports a VWlUU o; electsofle vote his}

-\ .lEENJo ‘Io]_k xleirifl i wrencd“3 pmf-lixs

cieuus. ohe MeMSUPCl eella New? a Co oevhrwiion o? 1.0

.fi . w ..‘ _ .0 . ,1. .‘J- (-1 -0 .1- .1 0 _- 1.1“ .9 ,

JHOJJWL. Lq-e (ZOLHfVEQDOTM1l€1 willrma 01:1»:v.m;; 1:1 1,71e .Jozflg,

publishefl activity coefficiert is -O. 1393 .

At KPQTOAimutely 0.1 .0121, We found tfie value of E0

to be —O.l$855 volts using Earner1'3 coe lfl oionfis. Dr.

Qattkeu: reports six cells at v.00785 nolal averajir;

O 2715 volts. The valve of 30 calculated from these

_ - .1. o , n 7&1...- ._- -... 1 ,. "M, ‘, ..r- . J.‘I i

fl‘SUle lS —O.léOo volts. luls Hal oe eoioaynd ”nun ,Le

,« C‘ ‘ w‘ TT -1 r T T 7'- v-v' ~‘-," -- '7 (70 r? n

'Pesuiltz OL Lezle (-1. l. <Jexflae, 1:. zhkxs. (lue,i. .Il, CwfiJ“;

(lEHT7)). ;1t :1 LO"H~*“5Pfflx10fi (fl? 0.]ffl317 :ualnl-lre fCHPWi t5

1-. 1- _ '1 ‘ . a “1 ,. . r .fi ’7 h r“ ”‘- 1. *1 _. .‘.- .0 . rt.-

oes» velchcmv,g was 0.,UVH31n)'»s. :ro 11 nus, we llrd

HO _ O 1’50 7 1t “ 1‘139'5 ' wv~t"r-““ 71'" 1 3‘“ f.. .0". -‘A 1‘

.11: "‘ " 0 L301 V 0.1. .1 f) 1._.‘;).‘,. , A; 5- {12‘3"}. 3) LOT-L lb J. 73 L' o

It :13, iflAe1W3PO“W3, ‘9Vi713011 t” at 11»? :w1%FWIi1:r CCreifie-

caeuus moi me o lonlwted 0‘ severil 109cm. 43 ;i:*f 19”

either of the values of E0 reion \d 1f We Attlewa or

tVe value -O.13.J Volta r p0”f“d 1y 3. I. qsrke in toe

International Critical Tables. Alfio, we might assume tle

netwvlty coeifrc:quu of e1 ”a? fwryed or Livingston at

_. _ -_ .n 9"” .L .2”? n . .- ...A 1, ,. ,1, -.-,1

801.18 COIJ'COfIloI‘HI'luu £1.12 11.1-1.0}! 13.13111"?41:1“.le \s’b‘i'e 4.73.1119 Hum.

. ‘ , LA . _ To. ..1! l . -.- . ...n ._"-,_ .. J-.. ,__1J_,, . . an

(18100.1;ch L1 COPPUSQOLUJILQJ 11.111133 UL Lye; HO. .1 1' L-zf CO+.).i-Li-
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Coluin B, Table III gives the Values if we assume tle

value of fiaywed nt 0.1 @0131, and calculate a value of 30

from our =11:amu'e'sent8 at 0.1 21101211. Column .3 Fives- tire

. 00. ‘1‘ 1 — .4» - "‘ .16 '1 ...',,--

V”l ea ii re r SWAG t:e vnlwe o A (-O.lcuo VOltS) LlJed

1...... . r, .0. 1-1. F.“ '1 --i.-. A -..! -- -, .L‘ . .. u . ...° .. ..

o5 cerme ll toe I.C.:. COlefl % Lgvns tie Values 9$€lebg
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K2(l atm.) + L323P2(solid) = 2 13(liquid) + B HBr(at A)

vt~1 tio fawnirjs of eleottioity 5?? passed.

ilJ meofle‘oe in Free 3"JJ” if C lnxijfl 1" %‘ culcv-

l 5‘31 fvwwz tle fV‘WJIi '* Sog'nxlo:

~45? Z 3 I I Cdlocitq

:- .130

L" l} ('1: ”ago 1'33 , 0 1 pr: (13:19“: 0: {TWO (“WW-11:}; S:

.1.

HMS-Helyholtz equation:

- _—J

‘. "'1 “r7

I“: CH.

‘11“. ‘ 3n "'~~ 1 °“n.’s‘ 1'3 - do.
1.- Cll M x; J. S LpllLlpL-- ‘CC-UJQ.

A2: — 4.3103 (-1" rt: - E)

x wofv-V- D 1, ' ‘1 , 'fl ‘1 Iii K” 1‘. ' "' J“ "I! ‘1‘. '.

As {n1 eJJt-plxe OI Lute .xytno\1txsetx COWu€ifizu° 0J8 1 hurl in

J

Tutle IV, for tte covcentzation 0.05 sw.
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