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IXTRODGCTIOR
It is apparent that the subject covered by the title o
this thesis is extremsly general, covering as it does all re-
actions in which hydrogen is involved. M¥any of these have

already been investigated and some of them have become of great

‘ commercial importance. Among the latter might be mentioned

the preparation of ammonia in which nitrogen, derived from the
air by liquifaction and hydrogen, obitained usually by elect-
r¢clysis, are made to combiné.directly by the Haber process;
the hydrogenation of oils, in which ligquid unsaturated animal
and vegetabls o0ils are treated with hydrogem to convert them
into saturated compounds which have higher melting points and

afe therefore more desireable for household snd commercial pur-

| voses; the férmation of catalysts by the reduction of metal ox-

ides by hydrogen; the recent synthetic preparation of methanol

by %he direct reaction of hydrogen and carbon monoxide; the

manufacture of synthetic organic compourds; and many other things.
Since, as indicated, the field is so broad this work

cannot, of course, b e comprehensive and must select some par-

ticular phase for a svecizl study. The phase that we are in-

terested in and the one whose consideration led to the begin-

ing of this work is the effect which wariations of pressure have

upon some of iths reactions of nydrogen.

It has long besn known that in many cases the results

v g T = A e S 2 e b M s €ats bond 8
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obtained in chemical reactions are greatly affected by the
pressure'at which the reactions fake rlace, but the field has
not been explored as thorcughly as its importance would seem
to justify. '

The work done shows that some reaciions that were pre-
viously considered impossible will take pilace under the
influence of pressure and that others, which at almospleric
pressure go t00 slow %0 ever be of any use, can bz speeded up
by the use of pressure o where}they become important both

scientifically and indusitrially.
Of the latter there are a number which are well known.

Among these are the manufacture of amrenia mentioned above;

the cracking of petroleum cils; the coptact process for making

sulphuric acid and many cthers. The pressure eifect in eac

industries has been worked ouf as am individuwai pro-
The effiect

of thess
blem and morTe Or less embsesrically in most cases.
of pressure on chemical rezctions as z field for systematic
scientific research is just beginning to be appreciated.

In view of these facts the work which is to be described
here was taken up in the bope that something could be added

to the presené knowledge of the effect of pressure upon the
reducing action of hydrogen,
REVIEW AND DISCUSSIOR OF THE LITERATURE

EARLY WORK:~ .The first known attempt to study the

e U
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effect of pressure on a chemical reaction was made'by C. Bab-
bage in 1813 {15). He drilled a hole thirty inches deep and
six inches wide in limestome, put in an acid and plugged up
the hole. No conclusions were drawn. In 1858 M. N, Beletoff
(2) reports that Babinat (nc refererce) had aliready proven
that the liberation of hydrogen by metals could be stopred by
pressure, He himself finds that hydrogen imder pressure will
precipitate silver from silver nitrate but not from silver sul-
rhate, but says that Ozann (no reference) reports that hydro-
gzen from an electrical cell will separzate silver Tfrom silver
sulrhate. His method was to mse a bent glass tune with the

salt solutior in one 2rm and zinc and hydrochloric acid in the

other. HNellor (15) juotes him as saying in 1864/(no reference)

that, if salte like zinc sulphate, coprer sulphate and silver

0N

ulphate he exvosed to hydrogen under great pressure--up io
7100 atmosyhefes——the metal is percipitated.

Cailletet (3) says that the reaction of sodium amalgzam
am water in a closed glass tube with manometer slows up and
finally stbps. Also that pressure causes the action between hy-
drochloric acid and zinc to cease. Ipatiev {12) revorts to
have precipitated nickel, cobalt, lead etc., from sclutions of
their szlts in this manner.
Nermst and Tarmen (17) tested the effect of pressure on

the z2cticn of acids on a large number of metals by sealing them




T
up in glass tubes with a‘manometer~and found that in mest
cases the reaction slowed up and seemed to stop after a time.

LATER WORK:- The most of thes later work on pressure
can be divided into five classes zs follows:

1. Research upon the effect of pressure on the
reactions of a single indusiry as these on the prepa-
ration of ammonia already mentioned.

11. Investigations of the effect of pressure won
rhysical rhenomena such as melting point, solubility,
transition points, conductivity etc. Im this field
there has been a great deal of very careiul and sys-
tematic work done. Among the leaders should be men-
tioned Bridgeman, ¥cKey, Cohen and MacIrnis and their
colaboraiors. |

111, Determination of the efiect of pressure on
the E, ¥. F. of galvaric cells.,

Lewis and Randal (13), Loomis and Acree (14) and
Elles (S) have all studied the effect of pressure on
the change ¢f the pttential of the hydrogen electrode

and all have found it to agree with the equaticn

-4t
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E =
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where £ is the change in E. K. F. of the cell pro-
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duced by changing fﬁe pressure from one atmosphere
to p aitmosnheres.

Tammen and Dickran (30) measured changes of
rotential of 0.1 N hydrogen electfcde for pressures
up to 30C0C Kz. per sq. Cm. Thé poténtials neariy co-
incided with those calculated on the assumpiion that
;ydrogen is a perfect gas. If corrections for the
deviation are made the wvalues calculated are too hisgh,

Ernst Cchen and L. R. Sinnige { 7) bhave invest-
izated the effect of pressure on the cell cadmium/cad-
mium sulphate/12.5% cadmium amalgam up to 1000 atﬁos—é
rhsres, They found that the change of ¥, H. F. peT
atmesphere of pressure change was 0.0000196 V {(one

1
lace gives 0. 000C0196); that the volume change in

3

F througk thig cell ig -1.656 C. C.; and

-

w

asaing 1

el

a1

that the change ¢f E. ¥, F. with pressure agrees with

the ejuation
ETT"EO = Tr(T]_-Vg)_

for thig and alse for the Clark celis.
6. Tirofiev (21) made the same measurement for
several cells and found that the change, which was

ab W

never more than three milli volts,; azgreed with the




szme equation.

Hainsworth and ¥acInnis (30) measured the effect
of pressure on the E. ¥, F,. of ihe hydrogen calomel -
cell up to 400 aitmospheres and found the change to

agree w_ith the Nernst ejuation
= RT
K 2-17 in P

where E is the change in E. E. F. of the cell produced
by changing pressure from 1 ¢ ¢ aimospheres and also '

with the equation of Keyes?
-5 RYASHE

in which § = Be~ ¥V anda, B, & and 1 are character-
istic consiants. For hydrozen when V = ccfg, d = 2.838;
B~ 9.619, £ = 3.91 x 10%, 1 = 1.18 and R = 40.72 ex-
cent thaé above IC'OA atmoscheres there was a slight
devization thought to be due fo the solubility of hy—-
drogen.

Hainsworth, Rowley and MzcInnis {11) carried the
above work to iOOO atmesrheres. At the higher pre-

sures the dseviztion was fcund to be much greater than

<

[}

previously roted; most of this deviation was attributed
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to the deviation of hydrozen from the perfect gas
laws and the rest to the effect of the solubility of
hydrogen on the activity of the hydrogen ion.

1¥. Determination of equilibrium constarts and
reaction welocities.

Several studies have been made of the effect of
pressure uponr equilibrium constants and reaction vel-
ocities.

Cohen and de Boer (5) have studied the effect
cf pressure on the speed of inversion of cane sugar
by hydrochloric acid from 1 to 1530 atmosrheres.

The speed of the reaction was reduced 8% dy S00 at-
mospheres, 19% by 1000 atmospheres and £5% by 1500
atmespheres. At constant zacid concentrziion znd con-—
stant sugar concentration the pressure influence may

be expreseed by

d In ¥ _
3D = Qonstant
or by the lirear eguatior

Kp = a+bp

{a = 334, b = ~0,0488) with equal accuracy.

[
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Cohen and Kaiser {8) studied the effsct of pre-
ssure on the esterification velocity of G.Cl N ethyi

acetate by 0.01 ¥ sodium hydroxide a% 2.40° between

'l and 150C atmospheres. They found that the influence

of vressure on the velocity of the rezctiorn could be
as well described by the linear eguztion givem above

23 by the van't Boff equation

delo ke . = Constant
do

in which K is the reaction velocity, a is the percent
increase in comcentration dus to comcressibility, p
is the pressure, 1 is the reciprecal cof the measured
resistance of a .01 ¥ sodium bydroxide, or sodium
acetzate solution,

Cohen and Valeton (8) extended thes above work of
Cohen and de Boer using acelic acid as a catalyst.
The results show that the velocity coefficienis in-
crease with pressure but that the rate is much smaller
above 1000 atmospheres. ¥hen corrections are made
for compressivility it is fomnd that velocity is inde-

endent of mressure avove 1000 atmospheres.

™
o

Cchen (4} in his George Fisher Bakxer Hon-Resi-

dent Lectureshic in Chemistry at Corneli Univerisity,
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digcussed the above experiments. He concludes that rre-
ssure hag a grest influence in reaction velcocities;

or negative and that it

ct
£
<tk
ek
(7]
&
-
[¢]
Q
(2
B
0
«
o
[¢)
w3
(o}
]
(WS
o
f-4
)

is linear. He makes no usz of z2ny of tke zbove equations.

Armstrong and Hildetch (1) fournd that the rate

0

f hydrozenation of certain orgaric ccmpounds iz the
yrresence of 0,1% nickel is prcportional tc the hydrégen

d tc indica*e the razaction with

98

rregsure. This is sz
mclecular nhiydrogen and nct atezic hydrogen as in this
case the rate should vary as the sjyuare rcot of the

ccrncentration of hydrogen. For other subsiances the

less than prorortiomal t¢ the hydrogen con-

i

2%

w
(20
0N

centration, indiceating z reaction with the cailalyst.
¥illiams {32} checks the eguation of Plank for
the variation ¢f the eguilibriwe constant of a rezcticor

w¥ith pressurs

2lceg ¥ - _D-¥z
0F RT

where X is calculated for concentrations which are
mel fractions of the total number of molecules pre-

sent including the solveant,
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¥oesveld (16) studied the effect of pressure on
the reactiong, SHBr HEBrO3z = 3Brg 3H30 and the sa-
ponification of the ethyl ester of methylcinmamic
acid. His conclusions were similar $c thoze of Cohen.

Parravano and ¥alquori (38) studied the ejuilib-
rium conditions for the reduction of halides by hydro-
ger. They concluded that the reactions are rever-
gible- and come to a characteristic state of ejuil-
ibrium at any dtemperaiture and pressure. The emuil-

ibrium condition is expressad by

'-——%%%—'9—-+lcg rt+legE = ¢C

where Q is the thermal exchange of the reaction, »
is the pressure, K is %the mass law constant, C is the
equilibriun consitant. (Taken from C.A. 20 2I09).

V. Investigations which have scught mainly to
obta2in experimentzl data on the general effect ¢of pre-
ssure on the vrogress angd resulis of chomiecal reacticns.

In these, sevzral tyres ¢f chemical reacticns

have beerp studied, inciuding mainly: organic oxid-

fobe

cess

=2
&
Q
ot
L)
pt

ation and reduction; reduction of 30li ox

reduction of so0lid metzl halides: and preciniiaticn

i

T
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of metals from solution of their salts by hydrogen;
It is the last of thess grours that is of direct in-
terest to the present work.

Eearly ali of the receni work z2lcong this line
ka8 been donte by the Russian Chemist, Ipatiev. In
order that the rezults so far cbtained w2y be more
briefly presented and more readily examined, they
are given in table fcre iﬁ Tables 1 to ¥ inrnclusive.

An examitation of the data giver in these
tablies brings cut the fact that, while there have been
2 lzrge number of experimerts rerformed and some in-

there nag in

P

W

teresting and valwmatvle dzia obizined,
noc case beer any systematic study «f the effect of

varying temperatures and prossures upon rreeiritation

. from any one solution. Hence there is litfle op-

rortunily of using these resuits In predicticns Jer
the future.

There is, howevér, ore thing of importancs zhowmn
by the experimental data rublished. Taat is, thzat
they 40 not agrze either amorg themselves or with the
generzlly écce:tsd theories. -

is noted previcusly Lewis and Randal (13),as

well as several others, hzve sho

ot
&
L]
H
®
[9]
:
(0]

¥, F. of the hydrogen electrods wi
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TABLE 1
Salt : Comc. : ‘{.'elonp.; Pin 2 gipe : Products : Ref.
: s in™C . Atms : :
o ~ Yel. Cryst.Z2He0,No0s.
Hg 5§03 Sas 150 130 Q0 and Hg visible 12C
ider microscope.
¥ . + 5 ;
Hg N0z - Sat 325 130 Hz only i2c
Hz (R03), 100 130 gzg?t; as above and 150
i 4.
Hg (805) 5 88— 1207 Hg and Fg0 156
Ca(80z); 28 220 195 Wnite needles of Cd- .
o ®93)2, cac, 35,0
cd (15;03)2 3N ggg" 1852 Similar to above z2nd 1s¢
_crysi. cf €a.
Ca 304_ SN 220 250 CdSO4,HZC and some Cd'l?s‘c
Ccd S0, 28 33~ a2s0 cas
12¢C
zn(¥03)s 2W 290 140 Basic salt. 130
320~
Zn(¥0;), 2H 335 140 Zn0 120
Zn(H0z), 28 350  360- Similar and micre,
: 380 crys. oi Za. 12¢
| Zn SO, 2§ 290 2350 Zns 12¢
¥g(NCz)y 2W 340 2330 ¥z0 120
Mg SO0 28 340 340 Basic sol. of ugS. 120
BNOS N 370 306 I?a’H:3 Completely. iz2¢
350 238 HpS almost completelylgc

ram g
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TABLE 11
? P Temp.i P in : :

Salt ; Conc. : 09 ¢ atms ° Time : Products : Ref.

Zn0 * 380 320 Not reduced 13D

Co Sog 2§ 103 100  24br Ko precipitates 12D

Co S04  o.gw i03 100  34hr Ho precipitates  13D.

Co SO, 28 145~ 1007 24br Co and CoSO4,E;C 13D
150

Co S0,  O.2% iég’ 100? 24hr Co and CoSO4,Hz0 13D

Co(NOz)g 2N 150 100  34hr  No precipitate 13D

Co(NOz)s 0.2¥ 150 100  24hr No precipitete 12D

Col80z)z 17 205- 100  3%har  Coz03 12D
210

Co(N03)z 0.2y 205~ 100 34hr  Con0z 12D
210

Co (BC3z)2 1% Co203 and a 12D

little Co.

* Freshly precipitated inthe presence of Hp0

ol N T+ S e et g - A S vet o b a2



TABLE 111
Salt : Conc;: TemP-: P in ; Time i  Products : Ref.
. = IBOC by Atms e : b
Bright yellow cry-

*Fitric Szt 160 100  13hr stals of 3Hgz0, 12D
protox- No0s - B30 & some Hg
ide of S79
mercury® Sat 335 90 Hg completely 12D
Ca(E03)z 2§ 1eg 110 7hr Ko reaction 12p

ca(¥0z); 2 220 135 Crystals formed 12D
Compound nct sure
89.95% C30, 10.07%
i , ECz
Ca(¥0s)z " 38 270 320 10hrs Cryst. as above 12D
' and Cd.

) , 260~ .

Cd SO, 2N 280 250 6-8hr Cd-trace and some 312D
CdS04. 530 cryst.

d SO 2 2N gg@ cdas 12D
zn{¥0z)z 2% 2% Basic salt 12D
. 330- 300~ i}

In(80z)y oy 354 340 Zn0 and scme dark 12D

- specks of metzlic Zi
Zn S04 1)) 290 250 Shr 7nS Some Particles 2D

¢ Zn
Mg(¥0z)s 2N 340 220- -
vv 83 Shr gl 12D
¥g S04 2§ 350 330 Hg0 and E/S 12D

Ty e amenn g
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 TABLE 1V

-

g : Yol bres;:wax. :Fi l.'l‘imex ‘i b
NiQAo), u/io ‘80 120 180 L 200 Complote sep, of Ni; 99.55% Wie 994
NiQAe), N/10 %5 180 149 1;4 1 200 Complete Bep, of NI, 124

NiS0, N/10 80 1R0 1 188 Not Comp sep. of Ni. 18A
NiS0, N/10 80 123 9 1T4 2 207 Complete sop. of Wi, '99,%4% Nis g4, $
Col0Ac), m/lo 80 186 180 1?5 Compleote mep. of CoO 12A
CoS0,. ., N/LO BB 160 RLS 0'-';(5 202 Not Comp sep. of Co, 124
Co(W0sia N/10 15 150 1 230 Complote sep. of Co. 124
NiOlg N/L0 50 120 180 1 240 Not Comp sep. of Ni

12A




TABLE V
v TVOL toreser . 1.t 1 & ' ¢
galt :Conc of dn ¢ a-b :ng‘g ' QFin&l!TemlpTiu’lG ¢ Producte :Ref'
S 100 ingga.inl00  tixon, Hudast
Ni0l, B/io u% 120~ 800 2 Hot Qomp sop. or Hi., 124
Pb(KOs)e /10 100 150 219 214 2(y 8 A white e 2ips. 0f basio salte yp,
Ph(0rc). N/LO 76 183 160 2 A white preccipe of basie sall. gy
. . _‘{ 1
Ph(0Ac), N/10 64 150 L42  3%9 240 0,75 Complote sep. of Pb (eryst.) 124 ;
v,

BL(0;)e Sat. 10 150 . B30 1L Black precipit te of Bi, 1,
BI(R0s0s Sat. 100 150 220 212 216 1  Sep. of waite ppts of besic awli.

B1i(NOs ), Sat 52  LbC £ BR8  R83 ), B wes separated in Torm of 1EA
~Bmall corsl tree.

Bi(NOsz)s Sat 66 150 B42 222  B48 0475 Complete sep. of Bi. 12A
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follows the Eerpst sSguation

b1
"
)i
5
o

ehere E is the chznge in E. H. F. of the ceil czusad
by changing the pressurs from one t¢ p atmospheres.
Tn order for a metal in contact with 2 aolution

ons tc be in eguilibrium witk hydrozen and

<+ -
(24 Al

fde
1 2

of

hydrogen ionsz, it would D2 necesszry for the pressure

of +he hydrogen %o be such ithat +he electrode pC-
tential of the hydrogen was the sz=me 2as ttkat of the
metal.

The above wmork is reported as having cause
the precipitation of several métals f:amASoluticn
b7 hydrogen FTesTture. Let e cornsider cadmium for
examrle. The glectrode rotential for this meial is
ziven 0.39780.420 Folis. If we izke the lower
value 0.3976 a2nd calculate from the Kernsd sguation
+the pressure necsssary 1o give a hydrogen electircde

this potentizl, ®w= obtain the following
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and transposing, we have

In py = E&k

substituting and changing to common leogarithms

1

log P2

from $this p 2 5.3C x 1013.
Similar calculation for zinc gives 5.01 x 10°%

It is obvious that somswhere there is a discre-
vency between the thecry and the published data and ,
while I did not hope %o solve the problem I thought
that I might heip in its ultimate solution by cbtain-
ing more experimental evidence.

In view of the fact, mentioned above, that the
exrzriments sc far periormed are sC scattered it seanesl
that one of the things thef was needed was =z sy3tem-
atic study of the sffsct of changes of temrerature
and pressure uron the preciritation of some mstal from

2 single sali sciution znd this I have attemnied to do.
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took place readily at rooﬁ temperature and atmos—~
pheric pressure and also cone in which there'were
as Tew comrlicating side reactions as possible.
Some earlier exxeriments were made using solutions
of silver nitrate but this was given ur beczuse of
the fact, already known, thzt the hydrogen under
pressure will act nwpon the nitric acid which is

liberated during the precipitation of the metal.

EXPERTYENTAL

EFFECT OF VARIATICHS CF TEMPERATURE ON THE PRECIPITATION
OF SILVER FRCM A SATORATED SOLUTION OF SILVER ACETATE BY HY-
DROCGEN.

TATERTALS:~ EBydreogen was made from crdinarg stockroom
C. P. EC1 and mossy Zn. It was washed through sclntions of
Ha0HE, Pb(0Ac)s, X¥nO,, a saturated solution of AgOAc , the
same a2s was used for the reductiocns, and a strorngly alkaline
soiution of pyrogallic zacid in RCH.

Silver acetate was €. P. reagent mcgst of which was
from Mallinckrodt's.

SET UP:~ The reaciion tubes used were made from Dreschel
wash bottles of about 400’5. ¢c. capacity; Figz. 1. To the in-
iet tube of sach ¢of ithese was sszled a2 thres way siopcock A.
Or one arm of the stopcock was a cup B, of about 2Cc.c. cap;
acity, to be used as a sampling cup. On the ocutlet tube of

the wash bottle C was sesaled 2 condenser D. Since the head
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of the wash bottle was fitted by Sround glass joint and the
attachments mentioned were all sealed on, there was no chance
of the ligquid coming in contzct with anything budglass.

The complete set up is illustrated in Fig, 1i. 4 is
an ordinary ¥ip zenerator for the preparation of the hydro-
gen. The top of this was connected by a rubber stoprer and
glass tube t¢ 2 six liter zspirator botile B, This was
placed avout three feet above the tor of the Xip and not

only served a8 an sextra acid reserveir but alsc made it pos-

sible to obtain an extra pressure head which was necessary

to force the hydrogen through the ssveral sclutions used. C,
D, E, and F are four 250 c. c¢. wash boitles which centained
respectively NaOH, Pb(Cdc},, XinC4 and saturated AgOAc.
A bunson valve G was inserted to rrevent the solutions frqm
backing up in the tubes in case a leak should occure in the
avparatus back of this point. The U tube H was filicd
with glass beads and z strongly alk:line solution of oy~
rogallic acid in KOH. Fomr reaction tubes, X, I, J and L
are made as described above and illustrated in Fig. 1. Of
o] eaction bottles used, I was a conditioning bettle
znd its contents were not used, J and X were the reaction
tubes used for the fun and each was analysed from fime to
time. I was a vlanx to which no’hydrcgen was added.

o, — - 2 A R A o~
Thess wzre get in a De KhotinsXy const
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Four twelve liter aspirator bottles ¥ were used tc control
the rate of flow., This was done by connécting these four
bottles in series both top and bottom and then connecting
all with an outlet through a small glass nozzle. The
bottles were filled with water and the escape of the water
through the nozzle gave a fzirly constant rate of Tlow.
The pressure was kept slightly above atmospheric.

HETEQD:-~ The soluticns were put into the reaciionm

o s =

vottles in a De Khotinski constant temperature bath, cennected |

up and allowsed sufficient time to come tec the temperature of
the bath. EHydrogen was then turned on arnd allcowed tc bubble
siowly thrcugh the soiutions for {ifteen mirnuvtes to low
them $0 become saturated with the gas. The outlet from the
l1ast reacticn bottle was then conrected to the aspirater

bottles and the rate of flow conrolled as indicated zbove.

The averace rate was about 3 1. per hours.

& preliminary run was made with varying rates of flow %o
determine whether or not this had any effect. The indication
was that sc long as there was sufficient flow itc stir the lig-
uid the rate was rot important.

ATter the run was sizrted samples were remcved Irom the

bottles at aprropriate intervals and analysed for silver oy

titrating with Nall soluticn, one C. C. of =whick was equivalent

to one ¢. ¢. of the originzl AgOAc so

ution. FzoCrly was used

Ay an s % e e 2 e e
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as an indicator. The titration was made by measuring out
10,00 c¢. c. of sample from a pipette, then rumming in a2n ex-
cess of HaCl solution from a burette and titrating the excess
of ¥all with AgOic. This gave directly the amount of Ag that
had been removed from the solution by the reduction. This
amount of silver, calculated as percent of the amount orig-
inally present was plotted against time.

The‘temperatuzes used varied from 35° o ©0°C. Lower
temperatures were not used because the rate of reaction was
sC siow.

At the close of nmost of the runs the preciritate was
analysed to detarmine whether or not it was metalic silver or
soze other reduction or hydrolysis product. To make this a-
nalysis the solution remaining in the reaction bvottle was

-E

transfsrred t0 an esrecially prepared filitering apvaratus.

-~

This wzs so made that the residues could be transisrred te it,

ashed, drizd and weighad without being exrosed to the air.

]

After this was done the resicdue was dissolved in congcerntrated

BNCxy znd the Ag nrecipitated and weighed as AgCI.

RESULTS:- The results of the above experiments ars
given by the curves in Fiz. 11 and 1V aad the anzliyses of
the preceritates are in Table Vi.

Or. these curves the psrcent dscreass in concenirziion

me as abscissas.

o
e
W3
0
11
ct
fede

of silver is prlsotted as ordinates
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Curves 4. B, C, D and E shown on Fig. 111 represent, respect-

ively, temperatures of 35, 45, 50, 80 and 65 degrees cenli-

grade. They zre vlotted t¢ a sczle in which one small square
on the ordinzte equals one percent and one large sluare on

the abscissa squals one day. Curves E, F, G, and H shown on

Fig. 1V rerresent,respectively, temperatures of 65, 7?5, 81 zand

9C degress centigrade. They are plotted to a scale in whick
11 s2all sguares on the ordinate egqual one percent and 3 small
squares on the z2bscissz enual one hour.

Since the scales had t0 be different for the two seds of
curves, E was put on both ssts so that compariscnrs cculd be
more readily mads.

The analysés given in Table V1 show that the precipitate

w2s nearly yurz silver. .

Ren ¥o. ' Temp. . Pres : ¢ &g
18 . 35¢ 1 at 95.9
17 &8oo 1 at G8.9
18 o0 l1at ©8.4
15 21¢ lat 98.7
14 78% 1 at ©8.4
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EFFECT OF VARIATIONS CF PRESSURE OF THE PRECIPITATICH
OF SILVER FROM A SATURATED SOLUTION Of SILVER ACETATE BY HY-
DROGEX,
HATERIALS:- The Hp used in this part of the work was
cylinder H» obtained from Betendorf Oxygen and Hydrogen Co.,
Betendori, Iowa.

The AgOAc was the same as that mentioned above.

s ill-

'.;.

SET UP:~ The set ue of the apparatus uzed
ustrated in Fig. V in which A is ar ordianary commercial high
pressure hydrogen tank, B is pressure gzuge and C a cut oif
valve. An automatic pressure regulating valve D was Orer-
ated by slsctrical contzaet in the pressure gauge =¥
The reactions were carried out in a stesl bomb F, illustrated
scmewhat more in detzil in Fig V b. 4 Parr needls vzlve G
was provided {or releasing the pres=urs.

METHCD:= Twenty-five e¢. c. 0f the silver acetate sol-

ution were put into a 77 x 1® pyrex test tube; this wzs brought
EY

to the desired temperature——45°c-and inserted in the bomk F,

+x;
va

2. 7V a. The tube rezted on a spiral zzring & Fig. ¥V b and

*This valve was made in the machine shop 0f the Chemis

Department at Iowa Sizte College according ite the description

given by Larson and Xarrer. dJ. Ind. znd Eng., Chemistity. |

1013 (1¢22).

PRSNESPIN
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the bomb contained sufficient water to raise the level to
outlet B when the tube was ir place. The cap 0f the bomb was
fitted with a removable glass inlet tube C which :eachéd to
within one half inch of the betiom of the fest tube.

Af4er the tube wag inserted in the bomd the top wmas
screwed on and the conneciions completed as shown in Fig., ¥ a.

The Hy waz then turned om and the pressure within the bomb

gradually raised to that desired for the run. Tkis required
from 2 to 5 minutes. depending uwpon the pressure used. After
the degired nressure wag reached the release valve G was opened
s1ightly so that there wzs 2 slight flow through the sclution
for 5 minuies afitasr which the valve wzs closed. he pressur
was maintained for z given lengih of time usually with a max-
imum variziion of 25 pounds. At the erd of the run the valve
G was ovened 3¢ that the rressure returned to atmesipheric in
about ihe szre time zs was taken to build it wp. Time was
counted frox the time the Ho was turned on miil the releasze
vaive wmas opened.

¥hen the pressure was back 1o aimospheric the bemb w3
ovened ané the tube and solution ccoled in water as soccn 2z pos-
sible. This usually tocck from 3 to 5 minutes from the time
+he pressure reached atmos;heric. The scluticn was then iil-

terad and anaiysed in the esme manper as described Icor the ex-
¥ ‘

T

=0

ments 2t atmospheric rressure.

3
@

vy
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Runs were made in this manner for time duratioms of 1.
3, 4, 8, and 12 hours ard for pressures of 130, 300, 800 and
1000 pounds. Each run was made at least twice and some of them
four or Iive times.
For a number of these runs the precipritates were analysed
as described for the rums at atmospheric pressure.

RESTLTS:- The re-ulis of the snalyses described here are

2]

given by the curves shows on Fig. V1 and in Table Vil

Tpe curves are plotted the same z3 those above, percentage
reduction in concentraticn of silver against time., One small
square on the ordinzie rerrssnis the ramoval of 1% of the total
amount of silver origimally present and 1% large sguares on the

abscissa reprssent 1 hour ¢f time.

Run ¥o. :Temp.:-Pres:: R Az.
383 45° 1000 2.9
24b 25° 300 95.0
3tec 25° 356 92.5
243 45° 330 100.6
2te 45° 300 100.5
247 457 300 9.5
22z £3° 300 103.2
28k 45 1000 o7.¢
250 235° 500 w7,

A g - = e e .
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In some of these runs —onsiderable difficulty m=as ex-
perienced in obtaining uniform resulis. This was particulariy
true if thers wa2s any leak in the arraratus or if gas was al-
lowed %0 bubble through the iiguid. In some of the rums a rub-
ber tuve was attached to the release vzlve. This was rmm into
a beaker of water and the wvalve crened enomgh tc aliow a very
elow bubtling in the water. TFhen this was done the resulis
were very inconsisteni. The sams was true if there wazs any
lezk in the apparatus so that hydroger had io be added in any
arpreciable zmount during the run., The results us2é in obiain-
ing the curves shewn here were cbiained, therefore, from series
of runs in which rno gzs was allowed t0 pass throwmgh the apra—

ratus after the first 5 minutes and in which there was rracti-

4]
poet

ally nc lezk. They show thai pressure does have a marked

¥
effect upon the rate at which the reaction fakes ilage.
defirite quantitative relationship has beer determined.
A curve cf some interes s
time rejuired te obizir z 2efin t percentaze reduction fcer
different pressures. Such a curve is shown in Fig. Vil in

-

which the pressures are vlotted against the time reguired 4o
ottzain 35% reduction. Curvee plotied in the same way for
other rercentazes of reduction have the same form.

curve shows a very creat decrease in the time re-—

guired up tc about 300 pounds pressure. After thal a fur-

T
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ther increase in the pressure adds little to the rase of the
reaction. These results do not agree with the most of those
which have been discussed here excest that Cohen and Valeton
(8) foxxd that the velocity coefficient for the esterificatiom
of ethyl acstate decreased above 1000 simespheres, t maybe
that the difference is due to a slow rate of diffusion or

some other such factor. Prebaps, if the solution could be act-
ively stirred or a bubbliing method could be so controlied as

to give wniform results, we would find that there was less

change in the velocity coefficient at the higher Dressures.

In Fig. Vill a curve ie shown in which temperature is
victted in a mahner similar to that in which pressure is plet- |
ted in Fig. V11, That is, temperature is rloitted against the

time requirsd tc obtain 25% rfeduciiom.

It is interesting to nofs-that, in z manner similar Ic
that noted above, incresase in temperature causes a very zagpid
decrezse in the fime required for z giver percentage reducticn
up to about 85° %0 75° and then the effect becomes very small
and furthermore that thie change comes when the curve: has the
the same slope as does that one showrn in Fig., ¥il. Thkis agzin

would seem to indicate that there ig probably some factor other

b
¥
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COECLUSIONS:~ A systematic study has been made of Ihe
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effect of variations of temperature upon the redomction of a
saturated solution of AgOAc by Hp for tempsratures from 35°
to 90° and of the effect of voriatiens of tressure upon the
saize reaction from aitwmospheric pressure o 1000 pounds. The
resulis indicate that both tempsrature and pressure have a
marked effect upon the reaction velecity but wery litile, if
any, over the range studied, wpon the product which is nrearly
pure silver; that the coefficient of velcecity change with
both temverature znd pressure is large for the lower tempera-
tures and pressures etudied and that, wmdsr the conditions

of the exxerinernts, th rese coelfficients decrease rapidiy for

the hizher iemperziurses and pressures studied.
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