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‘ABSTRACT

Seueral meThods of maklng s;lver lOdlde were xnves+xga+edg The»

; ThermaI decomposiblon of sx!ver 1oda+e resulfed tn ‘a yeilow maferxal-
with the 1a++1ce spacxng of 31lver lodafe,; PreoaraTLOn of silver xodfde '
'by prec;p;faf:on from diiufe and concenTraTed squTnons ranged ln specxf;c_

‘;surface area. from 0, ! = l 2 0 fgu The precxp;tafed siliver xodlde was T{’

teonTamxnaTedgby ammon i um n1+ra+ea ‘Gr;ndxng.caused a great loss of surféee B
-éréa; Tﬁe surface afea also decreasedvon sTahdingo‘ This ioss wés ho+ due
‘To the pressure of the sample on 1+se!f,A»I+ may have been -due to agexng |
 'or To repeaTed manlpuiaTxon and. exposure fo wafer vaporo = |
The measuremenT of The surface area of si!ver jodide by the - appllcafxon_;:
of The BET equafxon to the adsorpixon of krypton is descrlbed in detail,

. The var;ous samp!es were hea+ed aT several TemperaTures and The_change in
sur{ace area with Time of heaT;ng measured fﬁere Qas ne,signifiéanf o
sinTering at 55°C in 60 hrs, AT 77933!000,;aﬁd'i250C Tﬁere is sinferinga
A rate eonsfanf was calculated at .77, Usjng‘The equation |

| . AA =kt R

'k is 0,0285 and m 15‘034585f
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 INTRODUCT G
Artificial sTxmu!aflon of ralnfall has been the obJec+ of wxdespread ”

. investigation. NucIeaTzon of ice crysTaIs by foreign maTerial and The |

¢_5ubsequen+'grOWTh of the ice crysTaIs-wes origxnally_ThoughT to be due'rofzir‘”"

an epiTacTio effect. VonneguT (1947) Ci}_searohed‘fhe‘liferafure and

- found +haf The sTrucfure‘ofuhexagonaf‘eiiver-iodide closely resembled the

-fheXagonal‘cryeTé} STFUCTUFG‘Of iceh ZBuTg”when fihely ground silver iod?de,;'vff

was. Jnfroduced into supercooled wafer vapor; very 1 Tle nucleafion oc~

. curred. However$ when ”acT:ve” SIIVer Iod;de, formed by heating The 51[ver

.piodxde above 1+s melTlng polnf on a hot w1re or by generaflng sxiver ‘

' fiodide from ‘a smoke generator, ‘was added To The supercoo!ed Vapor a. lerge
amount of nucleation occurred (2). The amoun+ of nucleaflon wh?oh fook

' place waexmeasured'by Visually esT;maT;ng the densnTy of rhe resul%anf
.gice crysfa{s or by ‘counting The number of ice crysfais fal[lng on a un;f :
~area of a glycero} coafed surface. | |

When one cons;ders the processing of The above: samples, ;T seems

‘quiTe Iogica! to ‘assume Thaf The surface produced by grlnding s:iver xod;de' 4

uufo a {ine powder and The surfaces produced by heaf;ng The sxiver 1odzde
'~ above its meif;ng point on a wire or in & smoke generator would be quife d-“
..differenr Since nucfeafion'musf feke piaoe at the eurface of The-s{{ver '.‘
':iodide# The difference !n nuc[eaf:ng abti!fy nghT wel! sé due +o e'surfeee:-
?7:proper+y of The si!ver 1od1de° In any case, it is qu;fe obv1ous Tha. The
.nucieaftng abiIITy of s;[ver ;od!de is dependen1 on The hlsTory of the

uﬁsample,n



Mason §1955)‘(3) found»fhaf»fhegrafe of ‘growth of ice on crystallo-
9',,9raPhiQ?i5V éimﬁlet_édr%aces‘of ice erysfads diffened markedly dnder:fiXedﬁ
}eXperiMenTal eondifions; He has furTher proposed ThaT a szm;lar§+y of
'».crysfa! sfrucfure !S no; a necessary conle:on for the nUCfeafxon of ice
crysTals by forelgn maTerlals (4) Fhese and other findings Seem To

!ndlcafe ThaT nuc!eaflon and growTh of lce crysfais may be a funcTion of

the sur{ace properixes as we!l as of the crysTal sTrucTure of 1he nucleafu« o

‘elng ma+er1a!e' A sTudy of The surface properf;es of sxlver xodxde is of '
‘lmporTance fo The fUrTher undersfand!ng of The nucieaf:on of Ice crysfa!s
by sxlver 1od1de and The subsequenr growTh of ;he crysfalsa.I .d

~An accurate knewledge-ef The sunfaee(area‘of The s;lyep Epdideisamp!ee R
to be studied is necessary fo the quantitative study of any surface property.

“In order fo measure accurately the surface area and other surface properties, -

~one must have a-eufficienfiy lérge specffic surface area so that the sensi~ =~

‘Txvxfy of h&s lns+rumen+s will no+ be exceededa Therefore, The first aim
‘:of Th!s sfudy is To prepare a suxfab!e sample for +the sfudy of several
;vsurfaqe.properfges Qf ex{ver ;odxde,
| We:pesfuldfeffhaf nucfeafion anddgroWTn‘ie.e‘funeTan efdedrféee
"preperfiesxénd The+'+nese preperfjes yeryﬁwffh.fhe4h§e+ery“ef The sample, -
‘.A knewiedge efpnow fhesekpreperfiee Yary wifh»enYifenmenfal sffeeseslwffir_
'be of grea+ 1mpor+ance to The lnves+1gafor when he compares hiS resu!Ts
,‘wah Those of ~other .investigators in The flefd‘_'!ndeeo# even proof *ha+
These properf:es do’ vary wxll be of he[p in evaluaTnng conTradchory re— ;
sulTsa‘ The flrST and perhaps The mos+ obv;ous properTy To eva!uafe ss
1ha+ o{ specific surface area and 1Ts change with sfress. Thereforeg The

. second parT of . Thas sTudy is concerned with The change of surface area w&Th



A ' "
time at various temperatures.

" In order to measure a total surface area, one must have-'a measuring
~device'ef'suifabie'dfmensiens; Since a'reel surface has many irregu!ariP'ﬁ'
ties on the order of molecular s;ze3 a small mo!ecule makes a good measure.

if one, know:ng The working dxamefer of the gas molecule, can deTermlne‘

N ,The volume of The gas :n an. adsorbed mono!ayer he may “then caiculafe The_-”

surface area of the sol;d on whlch :he gas is adsorbeda Brunauer, Emmeﬂ‘y
and Teiler (5) derived an equaf:on for mulfllayer adsorpf;on from which
T(The number of mo!ecuies in the monolayer may be calcula'l'ede A! hough.The“
assumptions are obviousiy in errorg The Theory nges saTtsfacTory resuffs

: 1n¢+erms.of surface area*-;The,aqfhers assume‘fhaf‘all 51Tes.oanhe-surface
',1are*equiVaieﬁ+ eﬁergefieaffyléndifhaf there isﬂﬁe‘leTere! infefec+ien‘bé;"” 
fween the adserbed moieceles; - They fur%her‘aseume that Theée‘is‘mu§+§4
jeIayer adsorp?;on° ‘!n~aii buT-TBe firST‘layerx the energy of adsoﬁpTioh

Aisaequaj To he energy of llquefaCTxon, and the energy of adsorpflon in
the first layer is-greater than the heat of quuefacT;on.: The expre551on
;%haf Tﬁey derived is as fbllews" | | -

ri

. § :. ) c,-‘!
pr(p - p) = Vo + Ve (p/p }

p ‘The pressure of gas in The sys;em

'ﬁé “the exTrapoiaTed quuxd Vapor pressufe Qf +hé‘gg5;
at Thelfempera+ure of the sysTeme'i

V ' the vo[ume of ges adeorbed

Vﬁ'SHThe volume of The monolayer of ‘gas

'>When p/p is pioTTed agalnsf p/v(poup), The slope plus the :nTercepT of

. the resulting sirarghT-!rneels equai o the rectprocal of the volume of



’ +he mono!eyer in cc. aT STP. The surface area may Then be calculaTed
“from the amount of gas - adsorbed in The monolayer$ if one assumes an area
per molecule ih the monolayer.

From The BET equaT:on, we may also calculaTe a heat of adsorprlon-
‘for 1he fxra1 layer aT abouT monorayer cOverage This isfeouivalenT Tof
the ‘energy of the lasf suTes‘ "o be covered (The‘low energy sxfes) ~This

energy. may ‘be calculaTed from the BET equaflon as follows

3 KeEL'u'EL/RT
'E}i= eneEgy of‘adsofbffod ef the fjfsf erer
EL ;/ehergyye% quuefacffon
-.assum?ng o K =‘lv f_, ,
o esEBZER
By = 'g$+ EL

n order'To obTatn a goed valua for E[, the exeer:menfal daTa must be-
excellenTg SInce The calculaTlon of c lncludes The volume of The monolayer d'
squaredvand The dtfference tn_The;energLee is propothenal to xhe:naruraf

~log of c. | V B

ln order to-obtain experlmenfaily valid measuremenfs at- Iew>surface ‘

- areas, one musi use low preSSures fo mlnlmlze The dead space errors. There*,.¢~

fore, one muST choosa-a gas wsTh a‘iow po at Ilduxd nlfrogen Jemperafuﬁes'
SO ThaT The, velld range or p/p o7 0. 05 0. 55, occurs at iow pressures The'
’,gae mo]ecule must also be small enough Fo follow the surface lrregularlnfes..--i
!L Kryp+on has been found suitable Ln'These.respecfe for Iow surfaee area - ”
~ \measuremenTs (6), when The worklng dlameTer of xhe molecu!e s’ ca[cu[dned

from the volume of a mono!ayer on a sample of knOWn surface area in



addifion,?krypfon isAan inert gas and w§}l_noT react chemically with the.
méferial o be méasured7 Therefore, krypton has been used for the sur- -

' face area measurements in This investigation.



" EXPERIMENTAL

'Sample Preparafion; -

The oraglnal p[an for ThIS research called for a 7OO gram sample
wnTh a mtn:mum surface area of one square mefer per gram, ‘made and sTored,
~in tThe dark? and unconfam;nafed by organlc maTerla[s

' Precap;TaT:on bv Anaiy1lca| Procedure

The op+1mum monovalenT ion concenTraTion[fOr the coagulation of a

. siIVer-iOdide-sol in water is O. l42 M (7) Therefore; The firs+~+rial

‘baTCh was prepared by dropw1se addnTxon of an 0. 284 M so]uT;on of poTass;um L

: 1od1de To ‘an O 284 M solution of stlver'nsrraTe to The SToxch;QmeTrgc end
point. The raTe of addiTlon was. abou+ 20 ml per minute. The soTquon was
'TkepT at The bo;llng poan and srxrred rap;dfyg .Tne”preexpifafe was_waehea o
..w1+h'ho+ wa.er unTJL there waszno‘furfher TesT'Ter\nTTrafe'byrqxjdafibn-
Coof dipheny!amfne (8)” All manipula%iens were carrTed out under‘a red
t safe IlghT The surface area as defermlned by krypTon adsorpxxon was

rapproxxmafe[y 0.5 mz/g.

1 Decompqs;TJQn of Silvergfe8a+e:

e Me Tlpr (9} sfafes_{hafesiiyer iodaTe deeompdses oniheafihg To silver
rvsodxde.” vaTHere were no appreciable sinTering of %he siiver.iodide as it
" was formed The decomp051+10n of the saner 1oda+e mxghf resulT in a silver
Tod;de sample of iarge surface area, A sample of sxlver 1odaTe was pre~
‘*ﬁared by the aadifion af 2l,4.g of poTasejum’TodaTeVTq:TQO’g of water Te
17,0 g of sijyer'niirafeein'TQO-g of water and the precipitate filtered,
| wasﬁedg.and‘drTed‘ The silver iodate was then heated at 400°¢C for\48Thrs‘

6



The sampie Tufned yellow resembling éiiyer iodate. Hewever; an X-Ray
diffracTion pattern of the resulting sample shoWed no change frdm\+he
yys?lver’fodafe crys+al sTfucTure, Lafer work also 1nd1ca+ed Thaf srnfer~;
ing at Thxs Temperafure wou!d be +too grea+ To give an accepTable surface"
area,‘ |

* Precipitation from Concentrated Solution

| ,";Biréféih (]Q)dreporfs‘surféee areé,of 12;5‘m2/g dn‘precipifafiod’;‘ .
ffoﬁ cdnbenfrafed-;oiufion; Therefore; a trial eample‘was made‘essedfiai!y
dupIiCafing the drocedure that He used. . 59,6 g ofiammonium iodide in 1200 m]
of distillied WaTer and 67.8 g of sx!ver nxTraTe in 200 ml of dtsTtI!ed
;ewarer were poured rapzdly ,l_ogeﬁ”hera The supernaTe was decanfed and Thee‘ﬂ
précipiTaTe Transferred'fo.a Buchﬁer funne! fitted with WhaTman.number 50
'dfilfer papek, The samp!e was ‘then washed at room TemperaTure by mak:ng a’
slurry W1Th abouT 50 mi of water and draw1ng off the water W!Th an aspiraforg
. The washing was repeafed four times until There was no. +es+ {or nitrate in
. The wash water, The,cake was Then_par;;al y dried by drawing alr through
the filfer. NexT; the cake was gently broken up and placed in a vacuum
dessicefdf wi%hya,liquid nifroged Trap;ennjhe‘pump line, ‘AfTeﬁ an hour, -
%hefpaffiaily dried sampieiwds.egainithfly;broken upfsé that no piece-ex;
ceeded 2 mm_ in diameter, The surface area was approx;mafeiy 0.9 mzfg,

: PrecxpraTxon from Concenfrafed Soluf;on waTh A!coho! and Acefone Washes

’IT was suggested (}1) ThaT The surface area decreased durnng drylngﬂy.

: Apprec;abie crysTal 9row+h mxgh+ occur while ‘the surfaces were s+1li in conhv
tact w;Th a layer of wafer moleculesa Therefore a second sample was made

By fhe abeve'jeehnfeo‘ The precnpaTaTe Was fur1her washed with two aquuo1s ? <t

of ethyl alcohol and one of ether. . The cake was then broken uP to a max:mum o



siéé'bf‘zdmmbfn diémefef:andléfoéed.under é}Vacdum. The édr%ade aréé“
ﬁésédbffally duplicated that of the first samp{é ‘HowéVer, +hé samp[e Qés
'much easfer to break up. Therefore, Thls metThod whlch reou;red !ess .
manxpulaTlon Was chdsen for maklng'fu1ure éampies The re51due of a!cohol
‘and -eTher was assumed To be comple+ely removed by vacuum disf;llaTlon.

PrecnplfaTion From a NucleaTed SoluT;on

Jaycock and ParftTT (]2) descrlbed a meThod for formlng a large
numbér or,s:lver iOdlde nuclel. - One migh*t be able o gef,a'large surfacéd
areé.By forming more'parTicles on. a.large'number of exisfing nuclei. A; |
't nucieafing soluTton was prepared by ‘adding e.hyl iodide To ZOO mi of anv7

ia!cohol sofuTton of sxlver anraTe so that The init tial conceniraTson of
7s;lver and delde ions avax!able was lmM, This soluTton should_conda;ﬁ':
about }OFO'hucfei ﬁer:millilifer;Silvér,nf#dafe énd‘ammdnjum.iodide]f
solutions ofiThe-sa@e COncenfréfjoné‘USed pkediodslVIWere éoured infd_d
“the ddéléaTing soEuTionréfTer il-sTood twenty hjnufes, Therprécipifafe
L(was wdshed as ln nhe prevsous 1r1al ~ The resultant cake'was véﬁy dense-
*énd requured more v;gorous TreafmenT o bfeak it up lnfo a usab[e size.
Therefore, the low surface area of O.1 m /g may be an arwaacT in the hand!; .

‘,ing“of fhe'dake The effecT of grtndlng of the sxlver xodlde Will be dealT ?

‘”f-wuih Ia+er

Preparablon of The 700 g Sample -

For The Iarge sample, 678 g. of silver nitrate in. 2 L of water and

'_5§6dg of ammonrum*iodide in Z’L\of~wéfer“wede~poured Togefher'and"frea+edf
as The frial sample. | Due:fo,fhe‘large quanTiTies;invOivéd the fii+eringd
Took over an hour and The hxgh humldxby in the labora+ory caused The samp!e: ,d

“To Take up waTer rapldly The resu!blng cake Was very d:fflculT to break



"9v
up and'quETe fumpy. Since X Ray d:ffracfion s+ud;es whzch were To be done-
afTer Tne hea+ Trearmenfs requured a powdered sampieg The s&iver lodxde

was genfly powdered by press;ng befween Two Iarge WaTCh g!asses wth a "'tt.
si!ghr c;rcufar mo+1onc The surface area was !ess than 0,02 mz/g,

AfTer examznxng +he varzab[es ln “the preparaTxon of the sampEes; it |
 we§:ch4ec+ureQ +haTvThe surface‘aree Egss was qumTe‘fhe jqufh ofﬁT;mej'
.Tha+~fhéfsampte‘Was r5'¢5h+é¢+'w3+h'wé+ef€: A emaf?_chepkjrunvpae'made.andiw
The orzg;na! results were dupllcafed ‘ There?ore; it was decided That é
poo!ed sampEe shou!d be madea

S?x separa+e bafches of abouf EZO g each were: made by precprTaTsen ‘
“{rem concenfra+ed squTion, The phys&caE characfergsf;qs ofufhe‘sampfe
' Var;ed qu1+e w:deiy,- The precipiTaTes varied from a fine preqipjfafe whiehv

‘was very hard to fliTer to ‘@ spongy easrly fl!iered mass. The“spongy B

vv'”'PrecipkfaTeS gave ihe greaTer surface areas,v IT/waS !mPOSSib'e“TolfeI‘

'wheTher Thls effecf came from The zniTna! prec:pifafron conletons (WhtCh
vary widely when.+wq soluT}ons are}sxmply poured quefher)‘ormfrqm The ,
“.‘variaplejfime in”cqnfacf.wifh_waTer_epdlfhe mQre vigeropsipreakjpg required :
by the dense cake |off by the tine precipitates. The surtace areas varied
‘from apqur Q.I'j [,Z‘mz/g. _TheAInjfgéf eeiers were;vérying shades»ofupaje :
yellow. The color change In'response to figh+ ver§e§ wjde!y.”Thelcofer

change rénged from orange fo black requiring anywhere from a few minu?es_fo"

'bdays of exposure +o dayiighf These;éffecTsi1ndicé+ed‘Tharlfhé”eampjes mdéTu:h J

: have qu:Te d:fferenT surfaces.

. Effec+ of Frxndtnq on, Surface Area‘

We dec;ded3 on furfher ref!erxon, ThaT The genrie grlndxng whzch was

:'V‘used on The 700 g sampie seemod a poss:b!e source of The loss of surface o



.foe X

‘area._ Two aquuoTé were“Taken from”+he‘same‘ba+ch One Was powdered be-"
1ween Two wafch giasses and The o+her used as a conTroI . The conTroj had a
surface area of abouT I m /g while ThaT of the powdered sample measured

jess +han O 03 m /g. ‘[,

DuDi;caT;on of Surface Areas on‘Same‘BaToh

1A'c6n+kas sampie was Then Tesfed To see dF‘lT nouid be possxb!u(ro :
dupIxcaTe 1he surface area of aExquoTs by The proper samplxng of The granufar'
| ‘sampiesg The dupfxcaTe sampies were Taken by quarT ering and requar?erlng‘\
The whoIe sampte d:scardlng aITernale quarTers, Qaredwashfaken fo”keeppany‘
r;grxnd:ng eFfecTs To a mlnlmum..‘The areas werefapprokfmafe!y O.3§vandide31
m /g.: The results were consndered suxnabﬁe for our purposes., |

' Sampfe ConTamtnaTson

' When a sample of sxlver lod!de precspllaTed from concenTraTed so!uf;on e
was heaTed under vacuqu a wh1+e prec:pzTafe deposzTed xn The vacuum sysTem
above The heaTed area. AfTer heaTIng a TwenTy gram sample aT 5OOC for +wo

o~

days;7s!igh+“deposi+s'sT:ll~formed on The glass which had«been c!eaned of

'V”The o!d depos;fs w;fh a heaT gun. The sublxmafe was dissofVed ouT of The Rjjy;;f*

¥ vacuum Tublng and Tesfed for The fOﬂS Elsfed ln TabEe l,. The resuETe-of
aThe spo: tests show that *he subSTance was ammonxum n[TraTe; Mr, Nfchofs in

preparlng samples for +he measuremenT of crysTalEiTe s;ze had oocas;on To

";,make a sampie w:Th ammonlum lOdEde and 51!ver nxTraTe usxng dilufe soEu+ronsﬁliud

eiowpaod1+;on?’and Thorough wash;ng, Thts samp!e aiso proved To be conTamn— .

~nafed wiTh ammonium”ni+ra+e; '!vaas decxded +o go ahead usnng'The samples

. prectpraled from concenfra1ed so!uTnon since There Nas aEso confam;naf;on

’Dvin *he Sample Prec1pra+ed by meThods des;gned to m;nnmlze conTamlna?fon and ;fVXf

since the dupElcaflon of Blrs+e;n s adsorpT:on sTudzes (iO) was also of



”;fnferesT‘Te,Th?s,fabekafory»
Table -

YASPOT Tes%shen fhe‘$ub!ima+e<

Water | _UnkhoWn

,NOE Oxidation of = - N A ‘++++
. [diphenyl amine ~ ‘ ' :
'C8) L =

1 ‘Ox¢daTxoh to free . 0,054 f’ e ;‘i e
~liodine on starch . | R - L
_paper (13)

NH, ~ [Red litmus test | 0.0ty | - |
N (14) R |

Agt latalytic |oosy | - o T -
- reduction of - B R ‘
cerium ammonium
Initrate. (15)

‘Preparation with Liguid Ammonia

While it was felt that a sample of average characteristics could ..
be obTaIned'from'a poeled‘aample by The~sampiing technic deScribed eariierg"l_
There was still concern about The amounT of man:puiaf:on _necessary Tfo ob+atn

' many samples from the bafch, The gr:nd:ng jnvofv ghT subsfanTlaIIy re-

’ duce The samp}e area snnce many alnquo+s musT be faken,l 1+ had been fOUnQ‘h

+ha+ ;f a prevxous!y prepared sample was dlSSOKVGGAln flqu;d ammonta and

repreczplfafed (iB)} a precxp;TaTe w1+h a surface area of abou+ O 6 m* /QVEfﬁti

 ,was-eb+a1ned? HThe}dryﬁsampIe»was_ lnely dlvsded New equzpmenT for The}:ﬁ 
tadsorpﬂenfsmdies made fhis‘iower surface area accepTabIee Therefore3 

it was decxded to use Th:s meThod rn order o avozd grlndtng effeCLs, .

A sys#em was maoe,n Fig, {; which wouid accommodaTe 600 mi of quuld
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‘ammonfa. From observa+ions of the solution of smalfer sampleé; it was con~"”

o ciuded ThaT Thls wouid be ample volume o accommodate 7OO g of sxiver iodideg

\up AbOUT 150 ml of lquld ammonia was col!ecfed in the hoiding bulbp conTaxnxng N

"ia few grams of metallic sod;umg by flow1ng in gaseous ammonla a+ abou+ onevvei
aTmosphere while the bulb was. xmmersed in an alcohol and dry ice baTh; The :
bafh was Then Transferred To +he sample bufb confalnxng 200 g of sllver , |
'llodide and:The ammon{a dgel;!}ed over. The bath was Tbep removed and_The
bu!bvwarmeo wiTh warm wa+er' The solid<s§!ver iodide dissolved. The am-
monia: whxch bo;led off was removed by a water asparafor unTIl on!y the
':so!Ld whtfe complex remalned,>3The oomplex was then deoomposeqﬂby pumplnépv
’wxfh a yecupm,pump Through_a,{;oUid h{Trogen’Trap for'ebou+ six hoprse.}e
The eample was e.solidjfump57} | |
| A~seoond samp!e.Was made by aITeEihg the procedore,' The liquid am%

monia from the squT;on was d{sTx!led back 1n+o the colieCTing bulb- sur~ ;
rounded by a !Iquxd anrogen-baTh The complex was compieTely decomposedu .
heibefore eyposing The sxiver IOdide ro wafer vaporo} The, samp!e fe!i |nTo~a‘i,*}
‘.{lne powder and a few small !umps w;Th the excepT;on of a Iarge !ump of :

. compiex’remeznrng in. the cenferfh ALl lumps were dpsoaroed and +he samp le
‘s+oreq in the dark.qnder vacuum. Since researehvpiaothad been modffieo:e
aod'sipce The maferial was‘deemeo SuiTable for sinfering sTudies& Theee”
rWO hunored grams, processed :n The Itgh+§ were con5§dered acceptable

;working makerlal

.The S;!ver lodide Sample Used in The SInTerinq Sfudxes !; 
f The silver aodxde used in The,ammon:a TreaTmenTAconsiéfed 5% +he ;‘_p‘_'

 residue of many Trial batches. ‘Most were made by precipitation from



nh5

(o]

Col lacting Sample
Bulb Bulb

Safety Tube

Fig. |
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eoﬁcenfra+ed spjuTioes of emmonij:iodidefend:sj[ver nifrafe, Aboqf 5%
was‘made:frem.erecipiTafionvfrdm'diluTe sq{gfionsvef_eqfass;em Iodfdebl
and siiver niTraTe, ‘This samp!e was slurried QiTh wafer and -the water -
decanfed a +01al of Ten Txmes over a perxod of Three days, The f!nal
wash had stood ‘in conTacT wxrh The samples overnxghT, It gave no Tesf
for ;od;de, However,'on heanng Thevproducf of The ammon;a\freafmenfﬁ~
ammonxum nxnrafe was: aga:n sublxmed from The sxlver xod1de.k The saﬁpie?-
wh:le nof a!! ThaT wes deszrea; was cons:dered suxrable for the s;nTer!ng
‘»meesuremenfs,.'

Pressure SenSiTiVlTv

: A Trend Toward lower serface areas w1Th Txme was obserred on The
zero Tlme sanerang sampies,»Tab!e‘ll¢"S;nce-fhe srlver 1odxde had been-
kepT under vacuum and The handilng had been kepT to a mxnlmumg it was '
wconJecTured *haT The pressure of The samp}e on xfself mxghT be causxré
'The decrease in surface arean ‘Therefore# Two ldenflca! ‘aliquots were
Taken from 1he main samp!e and pIaced 1n sample holders. AMrod of
slsghTIy less than. The inner dlamefer of The holder, exerTxng a pressere ‘
‘ mof'O 096{ a+mospheresﬁ was 1nser+ed OVer one alxquoT for 26 days. ‘The JT
f's+andard aliquoT had a surface area of 0. 393 m7fg and the treatfed ailquo+

had a surface area of 0.356 m?/gv
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Table []

.Vafiafibn‘efiSUrfaee Area With Time

" Date . - | . Surface Area of
TR E "Zero Time Sampfe
3/13/62 0.576 m2/g

B/27/62 0.516
4/2/62 . | 0.528
4/25/62 . ‘ 0.491]

5/14762. - | 0i471

'5/28/62: | .. 0.443
6/t1/62 - 0,437

Ce/24/62 .| 0.438 .

" 7/16/62 - 0,393 .

Measuremenn o{ Surface AreaA'

The sur{ace areas were ca[culafed by means of . The Brunauer#
'Emme+r$ and Teller equaflon (E6) appixed +o krypfon adsorpT:on xsofherms,.f.'
:A vacgum sysiemﬁ_desagned for.«rypfon measgremenfs of’Lew surfece arfeas_,9
was cohsTrucTed in'This laboratory and medified from'TfmeRTQ time as the =
need became evidenT& ‘The f;nefisyefem is sheWn,iﬁ Ffé,\Zg‘bThe paffe~:
are as foflows B L‘ o | - AR
- P Kfybfen ReserVofr'

2 ,ktypfoﬁ-BUEb*

SHA'He{ium ReseEQOIf

4 .éa51Manjfeld, |

5 , Capiilary‘Tubing (To's!ow.gas feed)

' j6.‘jLiqU£d Nx+rogen Trap (To profecf ion gauge
o - from mercury. vapor).

7 klonLGauge






-8 Pirani GaUge ‘ ‘
9 10 Blow Tube and or Prel iminary Drynng Point
1 Sample Tube :
12,,,Wa+er Tuben
13 Doser )
{4- McLeod GaugedﬁVOTume 5345c; bore 4 mm diameter)
15~16 Methry/ReSeFvoirs ' R

17 ‘ quusd NxTrogen Trap (To keep pump vapor from main,
part of system) . o

18 Mercury Vapor Pump o
Shaded;Area.ToTa! Dead Space"

Gases Used for ' Measurements

_ The krypfen and helium were obtained from Air ReducTion,Co.nin
"fsea!edfbuxbs. The purlfy was 99.98 and 99 999 mole % respecfavely“

Svs+em Pressure and Leak Ra+e

W

‘ AfTer pumping The sysTem for five days? 1+ held a vacuuh of abouT
.,2 x 10 O of Hgn.vjffwas not poss;b(e;fo deferane ihe;execf leak rate
since the Ton ‘gauge acts as a pump. However, over fho periog of ons houry
1+he‘sysTem‘clesed‘eff:Tnem fhe_pump showed no‘increasetjnhpressuke Measunem
able'by fheslessnsensifiue Fipeni gauge'and(reQTSTered a s+ich.Vacuumhon |

+he‘McLeodwéauge.'h

"&VSTopcOCK MainTenance

Ap:ezon N. was used on The sTopcocks during most of The runs.

Apiezon T was used when The EaboraTory Temperafures exceeded 30 Ca The

T"“prlezon T was very, dxff:quT To degas and offen Ied To leaks,v Therefofep'

it was used as !|+1!e as possxbieu The s+opcocks were regreased whenever |

'1+ became necessary because of Ieaks or hardenxng of The greasea “n orderw



‘ .To m;nlmaze leakage alnlhe‘slopoocks; They were worked baok.and.forlh :

- dall\/a

GCleaning the Vacuum System

The syslem was pumped down a min imum of fwelve hours afler The

hh sample was’ sealed To xl and for Two To four days afler regreasxng s:op»~'
.:cocks or magjor repairsl ThlS Tlme was’necessary to dry The sample and To

desorb'waler yapor from The walls of rhe sysTem as well as gases from |

The slopcock grease. The syslem was never.baked ouT ' On one OCCaSIOn,

g‘when ;l was 1mposs;ble To oblaln a slralghl ltne BET and no leak could

" be delecaed; lhe sys:em was flamed oul wnlh a hydrogen flame 'On appll— o

cation of the flame to the outside of the Tublng, a brxghf yellow deposxT
'appeared on The cool walls close To The p01n+ of heallng.._Qn furlher
“"heallngyilhe,yellow oonlamlnanlAegpllmed”andlcoqld;pe”drlven over_inlo'
vlhe,llqdld nllrogehwfrap.w When the eamples‘werephealed on rhé yaouumAA‘
'llne; both ammonldm.nllrale;and iodine were given off. Although fodine
',_was never seen in The‘syslem; 800 g of a elmllar silver iodldejeample
l,':gave off vls:ble ;odine vapor when- healed 1n a- vacuum aT less lhan lObQC;J
LThereforeﬁ The conlamlnanl whxch was brlghl yellow mlghl have been mer-=
curous leldef lT is. brlghl yellow and subl!mes at l40°C (1 7), Afler
llhe system was flamed out sTralghT llne BET plols were agaxn oblainedﬂ

"'Measuremenl of The Adsorpl:on lsolherm:'

The s;lver :odide was placed in a lour inch lenglh of 6 mm glass

lubxng} which had ‘been sealed .at one end, To a depth of abouT | l/2 lnch E

-~ The lublng was |hen wrapped wllh black eleclrlcal lape for abouT lwo

':inches To keep The llghl reachlng The sample al a minxmum. A sepaxale

'~"plece of lublng w;lh a conslriclion, plugged w1+h a small bit of glass



.weo!guwae'seaied on the sySTem first, Thie_prevenfedvfhe sample from
p!ewiﬁg info the system on evacuaTionladd ppoyided,aumhiek.uajjkfor

‘mremou?dg The'eamp{e'frem The.syemem whi{e‘jT;was emjjf uudep vacuums -

~The samp!e‘popfienlof Tpedfupe afpnoltime’beeame warm feffhe Touep.: The
/ eysfem was then pumped dovin for a minimum'ef TWe!ue hours. The sYsTem
"was c!osed off from The pumps awd snmu!faneously TesTed for. leak raTe and
samp!e dryness w1+h The Plranz gauge, lf no tncrease xn.preseure was ob-w
served in +WenTy m;nufes, a iarge slug of krypTon was Trozen onTo the .
Fsample and +hen pumped off aT room Tempera+ure for a. haif hourn‘ Qhen’x
Thss prelaminary slug of krypTon was omiJmLedA,s The firST po;n+ +aken on
the BET plot was often 1n erro IT is believed (19) “that some surface
conTaminanTs may be removed w;Th The krypfone_ l?fwae‘afseVnecesearyfTo
,‘use a preiim nary slug afmer sach heafing cycfe. di; %

dﬁAbouT l.Sﬂg‘efvsample was ueed° The Tomal dead space was about -
170>mlraud The'eamp}e_caEevdead epaee abouf 15 mi. AT TheseV;OW'surfaee’
ares, ‘the anourt of gas In the sample case'dead space was offen 5o close
Te The:amouhf adsorbed per'aiiqudf of gae Thaf‘a smal( errop in Thie:dead )
space made a large error in caiculaTxng The amounf adsorbed Thereforeg
‘+he po;nTs were Taken one a+ a +xmea Ail The kryp1on was pumped off at .
v.room iemperaTure benween measuremenfs raTher Than usxng successxve s!ugs>
of gas-as is rouTine procedUre,‘ The pumpang Txme for complete removai of
krypTon aT room Temperafure was found To be one half hourqi
. The samp]e was a1 the lxqu;d n:+rogen box[!ng poanT durlng The

measuremenT, Gream care was Taken +e‘keepifhe quu;d“nglpogeu dewar
- ’posxTion and the’ reiaTive depnh ef “The liquid niTrogea_ceusTauT‘in erdet :

o elxm;naTe any change in: apparenT dead spaceu' The liduid“hffpogen wasd"
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'aesumed to Véry‘neumere mhen idQ;2oQ ining‘e negligib{e enﬁef‘in}pgu o
The:ekreh‘due‘fo_mnermal TnanepiFaTien‘aT Theee,pressufe5>and?fubing
‘diamefers is negligible (207,- | .

| varlation fn the Iaboratory tomperature of 3 5° durmg indivisual
: measufemenfs neeu{fed indmeny quéeT{oneB!e“pe}n+eim Theee;peinfsvelong_‘
>wiThv%he oTher‘peinfs.ebyiouslu in experimenfe[ error were-discarded.

f;The;deed space’ was determined with helium using‘fherreiamiensnip_-;.e

vai =PV

‘The lnil al volume of gas was Trapped 1n The doser by ra;szng The mercury‘ '

lfrom rhe reserv01r“ The helghf of 1he mercury xn each arm of - The U shaped::li

‘doser was measured a+ room Temperafure wifh a caTheTomeTer callbra+ed TO

rAO OO! cma The readsngs could be reproduced to % 0,003 cm. “The doser”arm_

. was made of prec1s;on bore Tubing,‘ The +3P;hadnb¢§h preyjeuely_calfbbemed‘m;ie'f

‘wyfh mencury by we;gh:ng Three ai;quefs Wi+h mhe‘Tib of»The‘meniseUS>éT |
: The‘ceiibramien Iine; The correcflon for The vo!ume be+ween The surface
» dof The menxscus and The p!ane of The calxbrafion llne was calculafed by
>Dr; Corran from The aoprow;mafe r:hape of The mercury menfscus and Tw:ce =
the amoun+ added +o The Tip vo.ume,r Ussng These values, one may %lnd
~ the voLume and Thenpressure of the dqee af_noom_TempereTure:as follews:.
Co 4',‘pefdg'h‘ ”‘.. ‘ ‘ .
Vo= W€;+.#F2Ah‘
.n‘bl +ﬁe dtffeeenee be+ween mne'hefghf efnd
“the calibration line and the Tip
o OT The men:scus

and Then converTed +o +he voiume a+ s1andard Temperafure and pressure,‘

. The. vo}ume of the krypTon slugs aT %TP ran’ from O l5 - O 45 for the i 3 g 43 ’



| ‘ : 2].
Si(ver<iodide samplee"v R
The frnal pressure was measured by a MclLeod gauge, previously ca[i
brered by NorTon Glossman, where g
| | b=ptarey e

p’ =‘1he:difference in height of mercury in
The !egs of The MclLeod

' h‘zhhexghT from. The mercury To +he Tip -
~‘of the McLeod

ro= radiqs of The Tubing

volume from The cut off to the Tip

!

V .
The»EOrrecTioh fora%he‘shahe‘of the meniscus. was neglec+ed, 5|nce, when
ealeﬁlafedhen rhe haeié:of a hemjspher;cal shape, The.correcflon was iess'ﬂ
than 1%. The finei volﬁme,af STP wés calcﬁlafed~from the dead'epéce"
volume ahd correcTed for 1empera+ure and pressure o

‘ The xsoTherms were |hTerpreTed accordlng to 1he B:T equaTioh

AlThough BET sTralghT Iines glvxng lnfernalty consxsfenz resulTs may be
'ob1alned usxng aImosT any value for The exTrapolaTed ltqu&d Po glven in
VThe lirerafure, the: absolu+e surface area ES hlghly dependenT on rhe,pb
ehosen (22). |

The po used .in the. calcu!aflon of the BET curves in xhlS paperrv,

- were calculaTed “from The experlmenfal pressure of the vapor in equul;brxumj”f*

with solid kryp.on”af Ilqu1d‘nlnrogen Temperefure. The observed/pressure
. Overvfhe solid was O'f62 cm Hg. " The TemperaTurefof rhe.iiquid nirrogen
'Jf‘a+ rhiS'pre ssure was calculared us1ng Freeman and Halsey S dara {or solxd

"krypron (23) as fo!lows
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log pg = A - B/T o
log .62 mm = 7.7447 —-579.6/T
1. T = 76.9°K '
Next the saTuraTioﬁ preséure of fﬁe-super ¢ooied‘!iquid at this temperature
was calculated from Tﬁe Freeman and Ha!sey‘equaffon,

iog p Al ;_B'/T

O]

| Lo
log P, = 6.9861 - 491.9/769

P| = 3,89 mm
This-vglue of P, gave straight lines for the p/pO rangeygf OfOQVfo 0.35
as seen in Figs. 3, 4 and 6. To.obtain an absolute surface aréa,'an iso-
‘therm, Fig.wﬁ,_Was run on the HarkinsAand Jura anatase, Tiozavéfandard
of 13,8'm2/g'énd Tﬁe-BET monoiéyer capacf%? calculated q#ing‘fhe above pg.
The working diamefer,'fé,Z'AZQ was'calculafed for the krypton molecule
from Thé experimenTa! ym and the standard area.

HeaTinq‘The Sample”

AfTek a zeré Time'isofhérm‘was run, The sample waé héafed on the
system while under vacuum by means of a | Lﬁﬁiiicone_oi[ bath. The bath
was controfled by a mercury regulator and‘ﬁeafed‘by a high resisfance
wire heater. The voltage To the heater was qthrolled”so Thaf the heater
remained on ab§u+ 30>sec.per cycle. The‘ba#hfwas sTirréq Eapidl?‘enbdgh
so that a small whirl appeared on The'surfagé of Thelbil.“Duejfo the small
size of4+h§ bath the femperature varied over a 4°c range péf cycle. The
mean temperature as measured by a mercury ThermomgTer jg_repotfedg The
Time WasArecorded'from‘The Time of immersion of the sample case in the
bath until The bath was removed. The sample was allowed to cool in air.

The sample heated in water vépor was allowed to stand with water



p/V(p0-p)

0.20 _

0.10 --

0.00

BET Plot of Standard Sample

13.8 m7ig PO = 3.89 nm Hg

0.10 0.20
P/P,

Fig. 3
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‘ vepor‘ineeQQi!Ebrigm wifh,wafer,aT»O?C_from‘IQ;minuTeefeefore:heatjﬁg:uefii
The heafing was compiefed, The‘wefer vapor-was Then pumped off'énd Tﬁe
'isample drxed on the sysTem for a minxmum of 48 hrs. before The 1sofherms{
were run. The waTer was kepT at O C by a dxs%illed waTer nce bafh whlchq :?“
) was sT;rred from Tsme fo time dur;ng the  heating perioo,

Sampie We:th

PN

- AfTer Theuxsefherme fer‘e giveh*ruq Were cempleTed;.%he‘éahpie wée"
.removed from. The system while sfiil under vaqum.. The samp]e case was
.wexghed before and after the samp!e was removed, and the sample wenghT

.ca!culaTed by;dxfference to 0.0l g. ‘No.buoyancy correcf;en_Was made.

Results and Discussion

The ProperTies of Silver lodide as a Function of Ifs Preparation.

'Thebdecomposifieh o% silver iodéfevw3+h hea+‘inleif Eesu!fed in a
VmaTer:a! wh;ch had The color of Silver xodlde,_ However":IT refasned +he
‘la++lce spac:ngs of 51IVer ‘fodate and we have no proof that Si!ver 1odtde )
‘was’ formed. | | ‘

The prec:pifaflon of SIIver 1odtde from dflufe solu%aon resuixed ln
a surface area Sim;lar To FhaT of The samples prec!Ps+ared from concen-—
Trafed solutxon&VTeple ill,_.Th!S-PrECAP}TaTJQn w@;ch\wes'egpe;fed'To
'produeé a elean eemple feeulTed'?n a sambie cpnfamfnafee_wffh ammenium,
'jnifrefe;>_ | : | | T

vThe preci§§+a+ionee¥ silver lodide from a,selufion‘W{fh added 
nuclex resulTed in a sample of low surface area, Tab!e I]ia‘

The precxpraTlon of sxlver 1od1de {rom concen+raied SOIUTnon pro“

' .-duced samples of wxde[y varyxng phystcal proper+:es wh:ch suggesf Thaf

“the samples prepared by pour:ng TogeTher coneenTraTed ao}ufxons of ammonnum.



fodide ahd silver niTrafe# varied wide!y-in surfacé‘properfies The

precxp;+a+es varled from a hard To f(}Ter f!ne prectpraTe To a spongy

";-easxly fxlfered Mass. . The flne prec;pffafes resulTed in a hard cake

which was dlffaculT +o break |n+o usable s;ze.‘ The inzflaizcolors were
varjous shades of ilghT yel!ow and rhe change in color Varled w1deiy tn,
 responseVTo ilghfa‘ The surface areas varled from abou+ 0. I = 1.2m /g,'a’
In Six +ﬁia§57+he BirsTexn surface area of 12 5 mz/g was not dup!lcafed;
The var;af:on xn surface properfies IS noT surprls:ng Since The con—l
d:Txons of prec1p1+aT10n vary wnde!y when- Two so]uTtons are SImply poured
+oge+her° | |
Then$ample,bre§abéd by dissdlufian in\iEQUid ammania was finely

divided and had a surface area of about 0.6,m2/g;

Tabje ij[‘
Me?had of Preparation '>fi7: ',Surfagé Area
) 4 - i‘ ‘m2/g N
ppt. dilute sol. S 0.5
épT;vnucleaTed sol. .  ._‘ 0.1
§P+7 conceniraTed Jo!, o | - Of!L“JfJZ’l
ﬁbT.'from‘i;quid NH 4, ‘ ‘ 0{6 |
lflmayube sean'frb@ Table [iJ‘ThanThe gqrfaceraraaquwfhe .

‘-sampiaé aid_mof vary $§gnfficanfi?jwifh;fha_methd ofapteparafighf;llh
masi_éaséag fhe‘10wek sprfaCe afeasqcame;frqm ¢akes?whf¢ﬁhwere mora':
difficaif‘fo break uplThan‘The oThers,L'lT is imposéib!e Ta %e]!.Whafhar
- the differences 1n surface area resulfed from The condi xons of precxpx-~

tation or,from the manlpuiaflons af+er precnpraf:on,



~Samp!e Confamxnaf:on

All The sampiee ﬁade by preclptfaTton wh;ch were nesTed showed
confamznaTnon by ammonxum anraTe, The samp!es prec:pl?afed from boih
concenfrafed and dlluhe soluflons appeared To have a Iarge amounT of
j.surface conTamxnaTlon sxnce Phe conTamlna1lon was, founa by The eubplma-
Tion of The ammon;um niTraTe from The. 31!ver xodzde far below he'

!Tlng pOInT of The sleer !odide,\ In vsew or The rlgorous washxng ThaT
eiThe*SIlver xodide had. recelvedp i+ w0uld seem ThaT The ammonxum nxTraTe
“eis very s+rongly adsofbed on. rhe surface. :

: The sample prec1p1+a+ed from lxqusd‘ammodla'also had surface'
3 conTam;na+4on'by ammonium nzTraTegf BuT 1T s 1mposSlb!e To Teli whether
j”iThe conTamxna+ion resulTed from surface conTamxnafxon remaxnlng on The
~fQ51lverbaod1de used as .a sTarTxng manerial or from ammonlum nxfraTe
:eoccluded in the sTarTlng,maTer;aie ’The mos+ lxkety_concluSJQn is that
iT resulted from boTh.» o | |
ance c0n+am!na+10n offen ‘has ‘an effecT on The 5pec1f1c surrace
"diarea of a solld (24}; The sample conTamxnaTlon may have an tnfluence
~on The-r?SQITS,Olv+h¥SWSTUdyf | |

Surfaee'Area'as a Funcfion*of Hand)inq and-SToraqe

The more handixng a sample requ;red after preczpifafxon The more

a‘sukface area Ioss occurred, _When;a samp!eJwas,ground<gen+ly,beiween two

QwafchAglassesAIf‘ioefisurfacetafea by a facTeE of BQQ fhie Iese’is not

, s?mp!yea fudcTion‘of bressuree The.sample‘Wffh"a weighf on if.for‘26fv
’f}days lost on!y 157 of its surFace areag Fig. 4 ‘ lf'fs more Iikely a‘
‘7.e#uncflon of pressure and +he deformaflon of The sn!ver 1od1de by The l‘:

d'grindxng moTxena:
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The sample used for the surface area measuremepfs lost area on
's+§ndipg‘in‘a,vacuum derVThe period of the investigation-as seen in
Fig. 5. lf one exfrépdfafes the curve out to the number of days the
eopfrol'sémple was'sfpfed, one gets approxima#ely'+he sahevsurface area
asfwasbmeasured on the control sample. The main‘sémpfe_haq beenropened
to the aireand hand!ed oniy when fffwas'pecessary‘fo obtain a new7a£ique+;‘_
’These_défes,cofpespepd to the ije'of the zero measurements given in -
Fig;»4¢ There seems %o pe a definffe relationship between the time of
.eforage apd'fhe losseof surface area. This loss is larger than one
.weuid,eipecf'from the preSsure.ofjfhe‘sémple;sfanding‘oni7+self since .
VThe samplepwas only aboufken inch deep; éince fhe %imes,fhaf the eample ’
' was'epen To;The air-apd handied ahe.aT‘fairfy evenly spaced intervals,
'i+‘zs'imposssbié to- tell whether this pelaTionship is a func+j§nkof
age:ng or of exposure To axr “and man:pulafxon,

The EffecT of TemperaTure on Surface Area

. The resu]Ts of heaflng Tne-sg!vervlodjde samples are summariZed
‘,in,Tabie'le'apd a set of pepresen%a%iVe=BET plots inen in Fig. 6;
lThé'SQrfééé area de+e ob%éiped from these plots are suff?cie&fﬁy.aeeurafel
for %he purposes of this xnvesT:gaTxOn which Is essenfialiy exp loratory.
The experzmenTa! data are noT suft flcrenTIy accurate to obfaln reliable

/c S. an order To caicuiafe the energy of: adsorpT;on of the flrsf Iayer

of kryp+on°~ There appear fo be Trends ln’The varlafson of ¢ wnfh'fhe
Time of heafipg but since These may very fike{y be erTifacfs# any eon~,

sideration of these frends would be%pﬂre speculation.



Date

3/13
3/14
3/19
3/20

3/27
3/27
3/28
3/31

4/2
4/9
4/10
4/M
4/12

6/24
6/26
6/28
6/31
718

4/25
5/5
517
5/8
5/9

5/14
5/15
5117
5/21

5/24
5/26

6/11
6/12
6/19
6/21
6/22

Temp.

53PC
100°
147°

100°A

100°B

100°
H2°v

125°

77°

55°

*Areas corrected to am Initial
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Table

v

Summary f Data

Cc

33
24
22
1

39
18
15
18

40
18
17

23

25

38
45
32
3
26

38
48
21

19
18

1
53
56
42
Ky
27

42
47
35
36
50

Alg

0.576
0.576
0.319
0. 186

0.516
0.350
0.327
0.276

0.528
0.349
0.311

0.266
0.244

0.438
0.310
0.266
0.219
0.188

0.491

0.278
0.246
0.214
0.206

0.471
0.406
0.381
0.348
0.312
0.298

0.437
0.425
0.431

0.425
0.410

n2/g

Alg*

0.358 n2/g
0.335
0.282

0.349
0.311
0.266

0.244

0.374
0.320
0.258
0.226

0.298
0.264
0.230
0.222

0.455
0.427
0.390
0.350
0.334_

0.514
0.520

0.514
0.495

area of 0.528 m/g

30

% Decrease

45
68

32
36
46

29
29
51

57

43
50
56
59

14

14
26

34
37
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The -first trial run js plotted in Fig; 7. The sample was heated
TQéT eacﬁ’Temperatuheveueeeesivety’fer l2~50ur‘per?§ds, There was no
change e+ 5300'16 Tweerthoursei'Af 1Qo°c, +here was'a iose of 45% 5%»
+he surface area on Tweive hours heating. At }47OC, there was a further
loss of 17%. |
The resuifs of the runs at varxous Temperefures are ploifed tn
Figa 8;, ln,agreemenTtW1+h The firsT +rial~FUnf There is no'sxgnxflcanf
'éinferinQJWfTh %Ime at 5500,' A+ 77 Cz The sxnferxng is pronounced. At
IOOOC three samples were run,: Two were heaTed under vacuum in The same
mahner,eSVThe’ofher samples and one was heated while in qutTipr;gm with
we%er vapor,aT'a preSsufe'of-4 58 mm of Hg;ﬁ The'resulfs are grephed in
Fig. 9. They show. That there is no sxgnxfteanT difference beTween heaTzng
the sampie in a vacuum and heaT;ng the samp!e with waTer vapor at that
pressurec- The effecf of heating the samples was progre551veiy greafer B
’aT !2500 | ' |
From F:g; 8, 1% may be seen rhar There as a !argc lniTia[ drop in -
sur%ece area feIJowed by a leyellng off ofIThe’Loss w;Th !onger Time of
.heaTInQQ The final surface érea seems to be rimi+ed by the femperafure

of heanng a1 f;rsT glance buT it 15 llkeiy that The same ilmlfing surface

. area m:gh+ be reached 11 1he Tlmes of heaT:ng were carried out until the

Iimifang veiueS‘were reached.
In only one case, 77°C, was there sufficient data to calculate a

. sintering rate. The rate cdnsTanT was calculated as follows.

e k-",-A‘A#K“i‘m W
" Then ; T logAAEm Eog T+ Iog kK (@)
and k=g AT o
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The graph of the 5:ra19h+ ltne, (2), is shoWn in F!g ‘}O. The rate of
change with tTime 1s constant Through 42.7 hours and - xhed shows a decrease'
at 72.5‘hours. The rate consTanTs are IIsTed below each point and are
Infernally cdnsféTenf | The change in surface area is propor;lonal to
the 0.458 power of Tlme and The average raTe consranT is 0.0285, The-‘
videv;a;lon of The 72.5 hour p01n+ fromvThe rate equaflon suggests Tdaf
there mith be fwo'prbtééséSiidefved\id fhef!dsa;of-surfacé area on
”fhéa+}hg bUT,+he da+adaretfdsufficien+ To'draWQény\éodaidsionsﬁ.

 Summary of Resulfis

~ When silver jodate was heated to 400°C fo% 48 hrs?_%he-resuffanf
yellow material reTainéd ThérlaTTicelspacings of silver iodate.
Silver iodide samplés with aurface'areas of from 0.1 fo l.2m2/g
‘may be obtained by predipiTaTion fromvconcenfrafed solution. We were
.'unable +o‘duplicafe fhe-12.5vm2/g surface aréa dbfaided bvairs+éin‘by
dprec;pala#;on from concenirared so!urson | | | |
The silver ;odxde samples prepared by pre01p|1a+xon from ammonlum
;odlde and 31lver nlfrafe soluTxons were conTamxnaTed wsTh ammon i um
n}TraTe.
-~ The solurlon of sxiver iodide in llqu1d ammonia and ifs rebrecupra—
~frlon by evaporanon of the ammonxa in The absence of water vapor produced
a flnely dlvxded'sampIeMWIfh a surface.area of abou: 0,6 mz/g.
“The. surface area of sxlver xodlde wnli decrease by a factor of JO
'fon genrie grlnding, alThough the surface area loss w;rh pressure is éaly
moderaTe | |
The surface area of, SIEVGr 1od;de decreases with Time of stotrage

‘ under vacuum. It is ncT‘poss:ble to tell from our results whefher.This
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effect is from manxpulaf;on, periodic exposure to The aTmosphere, or
ageing a1 room Tempera‘fure°

N There 15 no significant sintering oE the st!ver lodfde a? 55 C
‘ for 60 hru, At 77 » IOOQ,iand 125°C There is s;gnlf!can+ s:n'rermg°
The‘raTe of sintering increases with increasing +émperéTuré°‘ A rate

'éonsfanvaas‘balculéTed from the eqUéTioﬁ;;

| an o= ki {
K was. equal *o 0,0285 and m equal fo 0.458 at 77°C.
Since'sﬁecific surfacé_afea may be a%fecfed‘bY‘conTaminaffOn;VThese

results may be’inf!uenCed.by the nature of the sample.



19.
- 20,

21,

BIBLIOGRAPHY'

Vonnegut, App° Phys,, 18 593 (1947),

Mason? The Physics of Clouds, The Claredon Press, Oxford (1957)¢w
Shaw, Mason , Phil. Mag., 463 249 g 955>q '

Mason, Conference on Surface Chemls+ry of lce NucleaTnony The
Unlver51+y of Ar;zona (!96!) L

Brunauerﬁ EmmeTT, and Telier, Ja Am, Chem. Soce.‘9 60, 309 (1938).
Beebey Beckw;Th; Honugi J CAmL Chema Soc,, 67, 1554 (1945) ﬁ

V‘La:+1nen, Chemxcal Analvsxs, McGraw~Hlll Book Co. Inc”, (1960)

Feigl, Spot TesTs in lnorganxc AnaIVSls, E!sevler Pub., Co., 327 (K960)

| Meilorp A Comprehensive Treafnse on Inorganic and Theoreflcal Chemlsfrvg
;Longmansp Green & Coa, New York Vol, 34 (1923).

'ersfexn# Geophysaca! Research_Papers, ég, (1954),
»éorrin, Private Comnunication. | !

. Jaycock, 'ParfiTT? Trans. Faraday‘Soc;, 51, 791 (1961).

\iFezgl, Spo+ Tests in. lnorqanlc AnalVSlSp EIsevner Pub Coe, 266 (§96O)o

: Fezgl lbld°$ 236

Foigl, lbzd,, 624

: Nuchols, Prtvane Communica+10n¢

: Brunauer} Emmeff, and Teller, J Am., Chem,.Soc°;'60;.309 (1958)

_Hodgman# Handbook of ChemlsTry ‘and Physicsi Chem!cai Rubber Pub!:shxng
Co., 35th, Ed, (1953-4),

Corrin, Prlvafe Commun fcation,
Géines and Rutkowski, J. Phys. Chem., 62, 152I (1958),

eCorr;n; Physical Chemisfry Laboratory Manual, Technical PublioaTions; :
" Desert LaboraTor;es Incqg TUCsong (!961)q ' - RS

39



Haynes# J Phys, Chem,, 66$ 182 (!96%).; ‘
'Freeman and Halsey, Je Phys. Chem,, 60, Ii | (f956}»

rGregg, Surface Chemts+rv of So!lds, Reinhold Pub, Corpmg N Y;;
_(I951)¢ I v , ) o




