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> ABSTRACT ; ' ' .

'' Several methods o f  making s i i ver iod ide  Were in ve s tig a te d . The 

thermal decomposition o f  s i lv e r  iodate re su lted  in a ye !low  m ateria l 

w ith  the la t t ic e  spacing, o f s i iv e r  ioda te . Preparation o f s i lv e r  iod ide  

by p re c ip ita t io n  from d i lu te  and concentrated so lu tio n s  ra n g e d .in ^s p e c if ic  

'su ffaoefarea from 0,1.:,^; I fM # ' f g fh 'e ' . p r e c ip I t a fe d  s i ive r iod ide was v '; 

contaminated by ammonium n it r a te .  "G rinding caused a g reat loss o f surface 

area. The surface area a lso decreased on s tand ing . This loss was hot due 

to  the pressure o f the sample on i t s e l f ,  • I t  may have been due to  ageing 

Or to  repeated man I puI a tIon  and exposure to, water vapor„ ' .

The measurement o f the  surface area o f s iIv e r  iod ide  by the a p p lica tio n  

o f the  BET equation to  the  adsorption o f krypton is  described in d e ta i l , .  .

The various samples were heated a t several temperatures and the change in ; 

surface area w ith  tim e o f heating measured* There was no s ig n if ic a n t  

s in te r in g  a t 55°C in 60 h rs . At 77°> 100°^ and!25°C  the re  is  s in te r in g .
' ' ' ' Q ^

A ra te  constant was caicu i ated a t  ,77 Using the equat ion

A = k tm f .  ■:.V. . •^f -

k is 0.0285 and m is  0.458. ' : , / , , .■

i i i
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■ ; ' IMTRODUCTI Qi5! . - : ‘

A r t i f i c i a l  s tim u la tio n  o f . r a i n f a l l  has been the  o b je c t o f widespread 

in v e s tig a tio n .. Nucleation o f ice c ry s ta ls  by fo re ign  m a te ria l and the  

: subsequent growth o f the ice c ry s ta l s was o r ig in a l ly  thought to  be due to  . - ; 

an e p ita c t ic  e f fe c t .  Vonnegut (1947) ( I ) searched the l i te ra tu re  and 

found th a t the s tru c tu re  o f hexagonal s i Iv e r  iod ide c lo s e ly  resembled the 

: hexagonal c r y s ta l■ s tru c tu re  o f  Ice» But* when f  in e ly  ground s i I ver iod ide  I 

was ; introduced in to  supercooled water vapor], very l i t t l e  nuc lea tion  oc­

cu rred . However* when "a c t iv e 1* s i lv e r  io d id e , formed by heating the s i lv e r  

.io d id e .a b o v e  i t s  m e lting  p o in t on a hot w ire  o r by generating  s i lv e r  

:: io d id e  from a smoke generator^ was added- to :th e  supercooled vapor a .la rg e  

amount o f nuc lea tion  occurred (2 ) .  The amount o f nuc lea tion  which took 

place was measured by v isua l Iy  estim ating, the  d e n s ity  o f the  re s u lta n t 

f I c e  c ry s ta ls  or. b y ' counting The number o f ice c ry s ta ls  f a l l i n g  on a u n it  ' v f 

area o f a g lyce ro l coated surface* -

When one considers the processing o f the above samples. I t  seems, 

q u ite  io g ica I to  assume t h a t .the surface ■ produced by g rin d lng  s iIv e r  io d id e , 

to  a fine,powder and the surfaces produced by .heating the s iIv e r  io d id e : > 

above I t s  m e lting  p o in t on a w ire  o r In a1 smoke generator would be q u ite  . 

d if fe r e n t .  Since nuclea tion  must take place a t the  surface  o f the s i Iv e r  

Io d ide , .the •'d ifference ' in  n uc j eat 1 n g ab I f i t  y  m i gh f wel l  be due to  a; surface 

• p roperty  o f  the s i lv e r  iod id e . In any case, i t  is  q u ite  obvious th a t the  

nuc lea ting  a b i l i t y  o f s i lv e r  Iodide Is dependent on the  h is to ry  o f the 

sample. ; ; 11;::; ., t '  ' / .I  • ' t :  ' T''/



Mason ( 1955) (3 ) found tha t, the fa te  o f growth of. ice on c ry s ta l lo-* 

g ra p h ic a lly  s im ila r  surfaces, o f ice c ry s ta ls  d if fe re d  markedly under fix e d  

experim ental c o n d itio n s . He has fu r th e r  proposed th a t a s im i la r i t y  o f . 

c ry s ta l s tru c tu re  is  not a necessary co n d itio n  fo r  the nuclea t|on  o f ice 

c ry s ta ls  by fo re ign  m a te ria ls  (4 ) .  These and o the r fin d in g s  Seem to  ; 

in d ic a te  th a t nuc lea tion  and growth o f  Ice c ry s ta ls  may be a func tion  o f 

the surface p ro pe rt ie s  as we I I as o f  the c ry s ta l s tru c tu re  o f the nuc lea t­

ing m a te r ia l. A study o f the surface p ro p e rtie s  o f s i lv e r  iod ide is  o f 

importance to  the fu r th e r  understanding o f the  nuc lea tion  o f ice c ry s ta ls  

by s i lv e r  iod ide  and the subsequent growth o f the c rys ta ls«

. ' An accurate knowledge o f the surface area o f the  s i lv e r  iod ide samples 

to  be s tud ied  is  necessary to  the q u a n tita t iv e  study o f any surface p rope rty  

In order to  measure a ccu ra te ly  the surface area and o the r surface p ro p e rtie s  

' one must have a s u f f ic ie n t ly  large s p e c if ic  surface area so that; the sensi­

t i v i t y  o f h is  instruments w i l l  not be exceeded. Therefore^ t h e / f i r s t  aim 

o f th is  study is  to  prepare a s u ita b le  sample fo r  the  study o f several 

■ surface, p ro p e rtie s  o f s i lv e r  Iod ide . ;" ' ' •

, We. p o s tu la te  th a t nuc lea t ion and growth is  a fu n c tio n  o f surface

p ro pe rtie s  and th a t these p ro pe rtie s  vary w ith  the h is to ry  o f the sample.

A knowledge o f how these p ro pe rtie s  vary w ith  environmental stresses w i l l  

be o f great Importance to. the  in v e s t ig a to r  when.he compares h is  re s u lts  

; W fth  those o f o ther Inve s tIga to rs  fn the f  t e ld . Indeed^ even proo f th a t 

these p ro pe rtie s  do vary w i11 be o f help In eva lua ting  c o n tra d ic to ry  re ­

s u lts .  The f i r s t  and perhaps the most obvious p roperty  to  evaluate Is 

th a t o f s p e c if ic  surface area and i t s  change w ith  s tre s s . Therefore., the  

. second p a rt o f th is  study is  concerned w ith  the change o f surface area w ith
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tim e a t various, tem peratures,

: In order to  measure a to ta l surface areay one must have-a. measuring

. ■device o f s u ita b ! e dimensions. Since, a rea l surface has many ir r e g u la r i -  •

t ie s  on the order o f m olecular s iz e # a small molecule makes a good measure,

i f  one>: knowing, the working dl arne.ter o f the gas mol ecu I e^ can determine -' ;

.the  volume o f the gas In  an adsorbed; monolayer he may then c a lcu la te  the  

surface area o f the s o lid  on which the gas ts adsorbed, Brunauer# Emmefts 

and T e lle r  (5 ) derived an equation fo r  m u lti layer adsorption from which 

the number o f mo 1 ecules in the monolayer may be c a lc u 1ated, .Although the  .

assumptions are obviously. In  error#  the theory gives s a t is fa c to ry  re s u lts  

in terms o f surface a r e a . The authors assume th a t a 11 s ite s  on the surface 

; a re -eq u iva le n t e n e rg e tic a liy  and th a t the re  is  no la te ra l in te ra c tio n  be- ’ . 

tween the adsorbed mo 1 ecu 1es, They fu r th e r  assume th a t the re  is m u lt i-  

laye r adso rp tion , In a l l  but the f i r s t  layer# the energy o f adsorption ..

• is  equal to  the energy o f Iiq u e fa c tion #  and the energy o f adsorption in 1. 

the f i r s t  laye r is  g rea ter than the heat o f I iq u e fa c t io n . The expression 

th a t they derived i s  as fo l  lows : : -

p the pressure o f gas in the system - • '

/ V ' i  -p^ the extrapo la ted  1 iqu id  vapor pressure o f the gas ,• : / : :

. ‘ • ■ a t the temperature o f the system

: v V the volume o f gas adsorbed

:";:i '. Vm ! the volume o f the monolayer o f gas • ■ • ■ :

When p/p is  .p lo tted  aga inst p /vC p.-p)# the  slope p lus the In te rce p t o f
"■ ' j' ■ ■ . 0 . : V ., . • . ; . • ;• ; . . ' . :

the re s u lt in g  s tra ig h t  l in e  is  equal to  the re c ip ro ca l o f  the voIume o f



the monolayer in cc. a t SIP. The surface, area may then be ca lcu la ted  

' f r om the amount o f gas adsorbed in the monolayer, i f  one assumes an area 

per mo I ecu I e in the mono l aye r. v . /

From the BET equation, v/e may also c a lcu la te  a heat o f adsorption 

fo r  .the f i r s t , layer a t about monolayer coverage. This is  equ iva len t to  

the energy o f the la s t s ite s  to  be covered (the  low energy s i te s ) .  This 

energy, may be- ca lcu la ted  from the BET equation as fo l lows

:: t T ' : ' " '  T

E| = energy o f adsorption o f the f i r s t  layer

Ej_ = energy o f liq u e fa c tio n

assuming ■ K = I •
■ - V  -  "  , . t  - ' ' -  '

In order to  ob ta in  a good value fo r  E j, the experimental data must be

excel Ie n tf s ince the ca lcu l a tion  o f c inc ludes the voIume o f the mono Iayer

squared and the d iffe re n ce  in the energies is  p ro po rtiona l to  the: na tu ra l

|09 ° f  c. \ ,v  . ;; : , , ■ - - ■.

y I In order t o • ob ta in  exper.imenta 1 Iy va l i d  measurements a t low surface 

: areas> one must use low pressures, to  m inim ize the dead space e rro rs . There 

fo re , one must choose a gas w ith  a1 low p0 a t l i qu i d  n itrogen temperatures 

so th a t the, va l i d  range o f p /py, 0 .05 -0 .35 , occurs' a t low pressures. The 

gas mo I ecu Ie must a lso be smaI I enough to  f o l l ow the surface i r r e g u la r i t ie s  

Krypton has been found s u ita b le  in these respects fo r  low surface area 

measurements (6 ) , when the  working diameter o f the mo I ecu Ie is  ca lcu Ia ted  

from the volume o f a monolayer on a samp Ie o f known, surface  area. In ,. ;.



add I f  Ion ,» krypton is  an in e r t  gas and w i l l  not reac t chem ica lly  w ith  the 

materia;! to  be measured. There fore , krypton has been used fo r  the su r­

face area measurements in th is  in v e s t ig a tio n . . . : ■



expe rim en ta l V  ' ; ;

.' Sample P reparation : •

;The o r ig in a l plan fo r  th is  research ca l l ed  fo r  a 700 gram sample 

w ith  a minimum surface area o f one square meter per gram, made and stored 

in the dark, and uncontaminated by o rgan ic  m a te ria T s ,■

P re c ip ita t io n  by A n a ly tica l Procedure

The optimum monovaTent vdh concen tra tion  fo r  the coagula tion  o f a 

s i l v e r  iod ide sol in water is  0.142 M (7) ,  Therefore, the f i r s t  t r i a l  

batch was prepared by dropwise 'addition  o f ah 0,284 M s o lu t io n  o f potassium 

iod ide to  an 0.284 M s o lu t io n  o f St Iver n it r a te  to  the s to ic h io m e tr ic  end 

p o in t. The ra te  o f: a d d itio n  was about 20 ml per m inute. The so lu tio n  was 

kept a t the b o il in g  p o in t and s t ir r e d  ra p id ly .  The p re c ip ita te  was washed 

w ith  hot water u n t i1 the re  was no fu r th e r  te s t  fo r  n it r a te  by ox ida tion  ‘ ■ 

o f diphenyl amine (8 ) ,  Al l m anipulations were ca rr ie d  ou t under a red 

safe l ig h t .  The surface area as determined by krypton adsorption was 

approxim ately 0.5 rrn/g. ■ '

Decomposition o f St Ive r lodate

Me 11 o r (9 ) s ta te s  th a t s i lv e r  lodate decomposes on heating to  s i Ive r 

iod ide . I f  there  were no appreciable s in te r in g  o f the s i lv e r  iodide as I t  

was formed the decomposition o f the s i lv e r  lodate might re s u lt ,  in a s i lv e r  

iod ide  sample o f large surface area. A sample o f s i l v e r  lodate was pre­

pared by the ad d itio n  o f 21.4 g o f potassium iodate in 100 g o f water to  

17,0 g o f s i lve r n it r a te  in 100 g o f water and the p re c ip 1ta te  f11 te red , 

washed, and d r ie d . The s i I ver iodate was then heated a t 400c)C fo r  48 h rs .



The sample turned ye llow  resembling s i Ive r ioda te , However* an X-Ray 

d i f f r a c t  ion pa tte rn  o f the re s u lt in g  sample showed no change from the 

s i l v e r  iodate c ry s ta l s tru c tu re . La ter work also ind ica ted  th a t s in te r -  

in g: a t th is  temperature Would be to o  g reat to  g ive an acceptable surface 

area, -- '

P re c ip ita t io n  from Concentrated S o lu tion
■ - ■ ■ : ' ' ■ " ; ; . ; ■ , V ■ ' ■ ■ ■■ - ' ' , ' ‘

. B irs te in  CIO) repo rts  surface area o f 12.5 m /g  on 'p re c ip ita t io n  : - p

from concentrated s o lu t io n . Therefore*1 a t r i a l  sample was made e s s e n tia lly  .

d u p lic a tin g  the procedure th a t he used, . 59,6 g o f ammonium iod ide in 200 ml

o f d is t i l : le d  water and 67,8 g o f s i lv e r  n i t r a te  in 200 ml o f d i s t i l l e d

water were poured ra p id ly  tog e th e r. The supernate was decanted and the . . ;

p re c ip ita te  tra n s fe rre d  to  a Buchner funnel f i t t e d  w ith  Whatman number 50

f i l t e r  paper. The sample was then washed a t room temperature by making a

s lu r ry  w ith  about 50 ml o f water and drawing o f f  the water w ith  an a s p ira to r .

The washing was repeated fo u r times u n ti I the re  was no te s t  fo r  n i t r a te  in

the wash w ater. The cake was then p a r t ia l ly  d ried  by drawing a ir  through

the f t  I t e r ,  Next* the cake was ge n tly  broken up and placed in a vacuum

dess lca to r w ith  a I i qu i d  n itrogen  tra p  on the pump lin e .  A fte r  an hour* >t

the p a r t ia l ly  d ried  sample was again gent Iy broken up so th a t no piece ex-

ceeded 2 mm in d iam ete r, 'The surface area was.approximately 0,9 m / g .

P re c ip ita t io n  from Concentrated S o lu tion  w ith  AI coho I and Acetone Washes

I f  was suggested ( 11) th a t the  surface area decreased dur ing dryIng*; ;

AppreciabIe c ry s ta l growth mi ght occur w h iIe  the surfaces were s t i I  I In con-:

ta c t  w ith  a Iayer o f wafer m olecules. Therefore a second sample was made

by the above te c h n ic . The p re c ip ita te  was fu r th e r  washed w ith  two a Iiq u o ts

o f e thy l a I coho I and one o f e th e r. . The cake was then broken up to  a maximum



s ize  o f 2 mm in diameter and stored under a vacuum. The surface area 

e s s e n tia lly  dup lica ted  th a t o f the f i r s t  sample. However^ the sample was 

much easie r to  break up, 'Therefore^ th is 'm e thod  which requ ired  less' ,  

manipuI a t ion was chosen fo r  making fu tu re  samples. The residue o f d icohot: 

and e ther was assumed to  be com pletely removed .by vacuum d i s t i l l a t i o n .  

P r e c ip i ta t ion From a Nucleated S o lu tion  '

J'aycock and P a r t i t t  (1 2 ) ,descr i bed a method fo r  form ing a large :

number o f s i Iver iod ide n u c l e i . • One m ight be able to  get a large surface

area by form ing more p a r t ic le s  on a large number o f e x is t in g  n u c l e i . A 

nuc lea ting  s o lu tio n  was prepared by adding ethyI iod ide to  200 mi o f an. ■ ; ■

alcohol so lu tio n  o f s i l v e r  n it r a te  so th a t the i n i t i a l  concentra tion  o f

s i I v e r  and iod ide ions ava i l ab l e  was ImM. This s o lu tio n  should conta in  •
| Q ■ ■ . ‘ ! - ", ' ' ' '

about 10 nuclei  per mi I I i I  i t e r .  S i l ve r  n it r a te  and ammoniurn iodide • 

so Iu tio n s  o f the same concentra tions used p re v ious ly  were poured In to  

the nuc lea tin g  s o lu t io n  a f te r  i f  stood twenty m inutes. The p re c ip ita te  

was washed as in the previous t r i a l .  The re s u Ita n t cake was very dense 

"and requ ired more v igorous treatm ent t o ,break i t  up in to  a usabIe s i z e . 

Therefore, the low surface area o f 0.1 m /g  may be an a r t i f a c t  in the hand I

ing o f the cake. The e f fe c t  o f g rin d in g  o f the s i I v e r  iod ide wi t I be d e a lt

wi th la te r .  ' ' ■ . ' t / '  :  ̂ ' /

P reparation Of the 700 q Sample . . ' ■ ■ •

For the large .samp le , 678 g o t s i Iver n it ra te  in 2 L o f water and . .

596 g o f ammonium iod ide in 2 L o f wafer were poured toge the r and trea te d  .

as the t r i a l  sample. Due to  the large q u a n tit ie s  invo lved, the f i i t e r i n g  

took over an hour and the high hum id ity  in the Iabo ra to ry  caused the sample 

to  take' up water rap id  ly . : '.  The resu I t i n g  cake was very d i f f i c u  I t  to  break
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up and q u ite  lumpy. Since X-Ray d if f r a c t io n  s tud ies  which were to  be done-

a fte r  the. heat treatm ents requ ired  a powdered sample, the s l iv e r  iod ide ■ 

was ge n tly  powdered by p re ss in g ;between two large watch glasses w ith  a 

s l ig h t c ir c u la r  motion-, . the  surface area was less  than 0,02 m2/g .

A fte r  examining the V ariab les in the p reparation  o f the  samples, i t  

was con jectured th a t the surface area loss was due to  the length o f tim e 

th a t the  sample was in contact With w a te r, A smali check run was made and 

the o r ig in a l re s u lts  were dup lica te d . There fo re , i t  was decided th a t a 

pooled sample should be made,

- - S ix .separa te  batches-of about 120 g each were;made by p re c ip ita t io n  ■ :

from concentrated s o lu t io n ,. The physica l c h a ra c te r is t ic s  o f the. samples V 

va ried  q u ite  widel y. -  The p re c ip ita te s  va ried  from a f in e  p re c ip ita te  which 

was very hard to  f i l t e r  to  a spongy eas i l y  f i l t e r e d  mass. The spongy 

:pr ec 1 p i f  a t es: ,g ave.. t  he ■ gr e ate r  surface areas,. . I t . was impossib le to  f e l l  . .:

whether th is  e f fe c t  came from the i n i t i a l  p re c ip ita t  ion co n d if ions (wh ich 

vary w ide ly  when two s o lu tio n s  are sim ply poured to g e th e r) o r from the  

va rIab |e  tim e in con tac t .w ith water and the more vigorous breaking requ ired  

by the dense cake/ I e f t  by th e  -f ine p rec ip  ltate.s,,: The surface areas’ va ried  V 

from about 0 , j -  1.2  m /g . The in i t i a l  co lo rs  were va ry ing  shades o f pale 

ye I low. The co lo r change in response to  I i  ght var i ed w id e ly . The co lo r 

change ranged from orange to  b lack re q u ir in g  anywhere from a few minutes to  

days o f exposure to  day I ig h t , .  These .e ffects ' i n d i cated -tha t t h e ’s aitip J es must 

have q u ite  d if fe re n t  su rfaces.

E ffe c t o f G rinding on Surface Area 

.. We decided, on fu r th e r  re fle c tion ,,, th a t the  gentle  g rin d ing  which was. 

used on the 700 g sample seemed a possIbfe,source, o f the loss o f surface ‘
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' area* Two a !iq u o ts  were taken from the- same batch. One was powdered be­

tween two watch g l a s s e s  and the o ther'used  as .a c o n tro l. The co n tro l had a 

surface area o f about 1 m / g  whi l e th a t o f the powdered sample measured" 

less than 0.03 m / g .

Dupl ic a tio n  o f Surface, Areas on Same, Batch '

' A co n tro l sample was then tes ted  to  see i f  i t  would be poss ib le  to  

d u p lica te  the. surface area o f a liq u o ts  by the proper sampling o f the granu lar 

samples. The du p lica te  samples were taken by quarte rIng  and requarte r Ing 

the whole sample d isca rd ing  a lte rn a te  qua rte rs . Care was taken to  keep any 

g rin d ing  e ffe c ts  to  a'mIt i mum. The  areas w ere japprdxim ately 0.35 and 0.31 

m /g .  The re s u lts  were considered s u ita b le  fo r  our purposes.

Sample Contamination ' :• '

When a sample o f s i l v e r  iod ide p re c ip ita te d  from concentrated s o lu t io n  ,, 

was heated under vacuum^ a White p re c ip ita te  deposited in the vacuum system 

above the heated area. A fte r  heating  a twenty gram sample a t 50 C fo r  two 

•'.days#’- s i ig h t : ’deposits s t i  11 formed on the g lass which had. been cleaned o f 

the pt'd'depos i ts  w ith  a heat’ gun,. ';The sub i imate was'd isso l ved out o f the 

vacuum tub ing  and tes ted  fo r  the  ions I is te d  in Table I , The re s u lts  o f 

the spot te s ts  show th a t the substance was ammonium n i t r a te .  Mr. N ichoIs in 

preparing samples fd r  the  measurement o f  c r y s ta l l l t e  size, had occasion to  

make.a samp|e w ith  ammonium iod ide and s i lv e r 'n i t r a te  using d ilu te  so lu tions#  

s low :add ition#  and thorough washing. This sample also proved to  be contam i- , 

nated w ith  ammonium n it r a te .  I t  was decided to  go ahead using the samples 

p re c ip ita te d  from, concentrated s o lu tio n  s ince there  was a lso contam ination 

tn  the  .samp le prec 1 p I t  ated^by'vmethods- deiS 1 gned to  m inim ize contam ination and • 

s ince the d u p lic a tio n  o f B ir s te in 1s adsorption s tud ies (10) was also o f



in te re s t- to  th is  la b o ra to ry . , '

: Table I

Spot Tests on the  Sublimate

Ion Test ; S e n s it iv ity ResuIts

Water Unknown

VNOj", O xidation o f ' 
diphenyl amine 
(8 ) --V V t '  ■ ■

. , '  : 5 , f  : -: V.. ... '■ V + V "

O xidation to  fre e  .' 
jodTne: oh, s f  arch . 
paper (13) :.V "

0.025 If V : ' ; :

t
NH4 ■ Red 1itmus te s t  

( 14) , V: V
o .o i v  y; ■■ v, ++

Ag+ C a ta ly t ic  \  
reduction  o f 
cerium ammonium 
n i t r a t e . (15)

0.05 /  : -

' P reparation w ith ' L iqu id ' Ammonia ' T.. . T' ';-

. Whi le i t  was f e l t  th a t a sample o f average c h a ra c te r is t ic s  could 

be.obtained from a pooled sample by the  samp ijn g  te c h n ic  described ear I ie r ^ ’ 

the re  was s t i l l  concern about the amount o f m anipulation necessary to  ob ta in  

many samples from the batch. The g rin d ing  Involved m ight s u b s ta n tia lly  re ­

duce the sample area since many a liq u o ts  must be taken . I t  had been found 

th a t I f  a p re v io u s ly  prepared; sample was d isso lved in l iq u id  ammonia and
' , ,  ’ ■ . ... ,  ' .. - ■ , - ,V : ,  : - ' ' - . ' . ■ . ' , , V V  '■ ' . . , ,'V •’ . 2  '

re p re c ip ita te d  ( j 5 ) y  a p re c ip ita te  w ith  a .surface  area o f about 0 .6 m /g  / 

was ob ta ined. . The dry sample was f i n e l y  d iv ided*: New equipment fo r  the 

adsorption s tud ies  made th is  lower surface area acceptable. Therefore,, 

i t  was decided to ;u se  th is  method in order to  avoid g r in d in g  e ffe c ts , . . .

A system was made. F ig . 1 / which would accommodate 600 ml o f  l i qu i d



ammonia. V'From observations o f  the s o lu tio n  o f sm a lle r samples* i t  was con­

cluded th a t th is  would be ample voIume to  accommodate .700; g o f s i lv e r  iod ide  

About 150 ml o f 1 $ quid arnmon i a was col lected in the ho id ing bu lb* conta in  i ng

a few grams o f metal l i c  sodium^ by f  lowi ng in gaseous arnmon I a a t about one .

atmosphere whi l e the bulb was immersed in an a lcohol and dry ice ba th . The 

bath was then tra n s fe rre d  to  the sample bulb con ta in in g  200 g o f  s i l v e r  .* ■ 

iod ide  and the arnmonia d i s t i l l e d  oyer. The bath was then removed and the 

buIb warmed w ith  warm w ater; the so I id  s i Iver iod ide d isso lved . The am- 

monTa which bo iled  o f f  was removed by a water a s p ira to r u n t iI  on ly the 

so I Id wh i te  comp I ex rerna I ned« , The comp l ex was then decomposed by pumpi ng ; : 

w ith  a vacuum pump through a liq u id  h 1trogen tra p  fo r  about s ix  hours.

The sample was a so l i d  Iump. . .

A second samp Ie Was made by a lte r in g  the procedure. The l i qu i d  am­

mo n ia from the s o lu tio n  was d ls t i I  led back in to  the c o lie c t in g  bulb s u r-

rounded by a liq u id  n itrogen  bath. The complex was com plete ly decomposed

before exposing th e  s l  iv e r ledIde'; to  water vapor. ; The; samp le fe  11.::|n to - A:v. .

. f i ne  ' powder,and a few sma11 Iumps w ith  the  exception o f a large lump o f 

comp 1 ex remaining In, the cen te r, A iI Iumps were discarded and the sample 

stored in the dark under vacuum. Since research plans had been m odified  

and since the m ate ria l was deemed s u ita b le  fo r  s in te r in g  s tud ies* these 

two hundred grams* processed in the T ig h t*  were considered acceptable • 

working m a te r ia l. .. y ;'y n I, t

The SI Ive r Iodide Sample,Used in the S in te r in g  Studies 

’ . :: The s i I ver iod ide  used in the ammonia treatm ent consisted o f the '

residue o f many t r i a l  batches. Most were made by p re c ip ita t io n  from
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concentrated s o lu tio n s  o f ammonium iodide, and s i lv e r  n it r a te .  About 5% 

was made from p re c ip ita t io n  from di lu te  so lu tio n s  o f potassium Iodide :: 

and s i lv e r  n i t r a te .  This sample was s lu r r ie d  w ith  water and the water 

decanted a to ta l  o f ten tim es over a period  o f th ree  days. The f i na l  

wash had stood In con tact w ith  the samples o ve rn ig h t, i t  gave no te s t  

fo r  Iod ide . However^ on heating the product o f the  ammonia'treatment# 

ammonium n it r a te  was again sublimed from the  s i l v e r  io d id e . The sample# 

wh11e not a 11 th a t  Was desired# was c o n s id e re d "s u ita b le .fo r  the s in te r in g  

' measurements. ' ■ :  ̂ v..\ :;v r. ■ :T.;; ; . ' . ' ; ': .

Pressure Sens i t  i v i t v  ' '  . • ,

': A trend  toward lower surface areas w ith  tim e was observed oh the 

zero tim e s in te r in g  samples# Table 1 l .  v Since- the s i I v e r  iod ide  had been - 

kept under vacuum and the  handling had been kept to  a minimum# i t  was 

conjectured th a t the pressure o f the  sample on i t s e l f  m ight be causing 

the decrease in surface area. Therefore# two id e n tic a i a ilq u o ts  were 

taken from the,main sample and pIaced in sample ho lde rs . A rod o f ■ n

s l ig h t ly  less than the inner diameter o f the holder# e xe rtin g  a pressure 

.-o f: 0.0961 atmospheres# was inserted  over one a I i quot fo r  26 days'. The ■ 

: standard a liq u o t had a surface area .o f 0.393 m2/g  and the  trea ted  a llq u o t
; . o - ""

had a surface area o f 0.356 m / g .
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. V a ria tio n  o f Surface Area. With Time

- Date . ' , Surface Area o f
Zero Time Sample ■/ -

3 /13/62 ■ ' V
' 3 /27/62 0.516 . ;

4 /2 /62  . 0.528 : : '
: 4 /25/62

/ I -A ./ko .

- ; o .49 i : - . .
V H ; /l*7 l • . . • ' ■ ■ -2 r I 4 / uZ . . , 

5 /28/62 .- 0.443
6/11/62 0,437 ' .'
6 /24/62 0.438 • t
7 /16/62 0.393 ;

Measurement 6 f Surface Area

The surface areas were ca lcu la te d  by means o f the B runauer,•

Emmett, and Te1.1er equation (16) applied to  krypton adsorption isotherms.

A vacuum system^: designed fo r  . krypton measurements o f (ow s u r f ace areas;

was constructed in th is  labo ra to ry  and m odified from tim e to  tim e as. the

need became e v id e n t. The f in a l  system is  shown in F ig . 2. The parts  '

are as f o l l ows:  . . . " . ' T

I Krypton Reservoir

' : ; ; 2 Krypton Bulb .: .

3.... .He] ium Reseryô ,̂ ^̂  ̂ ; ■

■ 4 Gas M anifo ld  ■

. 5 C a p illa ry  Tubing ( to  slow gas feed) y . , • '

■'; - ; ' . . 6 E iqui d N itrogen Trap .(to p ro te c t ion gauge ■: y
. : from mercury vapor)

;■ • . . 7 ion Gauge ' - , ■ ;
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' ■; v. 8 Pi ran i Gauge ;

■ 9 - |0  Blow Tube and o r 'P re l im in a ry  Drying P o in t ,

11 Sample. Tube. . : •

12 Water Tube ; '' : ' : : .■ ■

< ; ' ' - - 13 Doser V T :y .. v̂, :

" - ' . , 14 McLeod Gauge (volume 53 cc, bore 4 mm diameter)

15-16 Mercury Reservoirs t  v

17 L iqu id  Nitrogen Trap ( to  keep pump vapor from main.
"■ 'P'T ■ " p a r t  o f  system) . \ ■V '

. 18 Mercury Vapor Pump

■ Shaded Area Total Dead Space ; • ,

Gases Used for'Measurements

. The krypton and he I turn were obtained tram A ir  .Reduction Co. - in ' ■, 

sealed bulbs. The p u r i t y  was 99.98 and 99.999 mole % re s p e c t ive ly .  .' 

System Pressure and Leak Rate 

... A f te r  pumping .the system fo r  f i v e  days# i t  held a vacuum o f about 

2 x |0~^rnm o f  Hg„ . , I t  was not possib le  to  determine the. exact leak ra te  

since the ion gauge acts as a pump. However^ over the period o f one hour> 

the system closed o f f  from the pump showed no increase in pressure measure- 

able by the  less s e n s it iv e  P iran i gauge and. reg is te red  a s t i c k  vacuum on 

the: McLeod,Gauge. : ■ , -

Stobcook Maintenance • ■. ; '

Apiezon N was used Oh the stopcocks during most o f  the runs.

Ap.iezon T was used when the I aboratory temperatures exceeded 30°C. The 

Apiezon T was very d if f icu jtx to ;degas-,.and:.o ften led to  leaks. Therefore^ 

i t  was used as I i t t  Ie as possi.bIe. .The .stopcocks were regreased whenever 

i t  became necessary because o f leaks or hardening o f the  grease, . in -o rd e r■
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. to  min Jmlze. Jeakage a t th e ' stopcocks. they were worked back and fo r th  ' •'

dai l y . ; ■ 'y : ; ; Y ' . v  : - ; /  -

C lean ing 'the  Vacuum System ' .

The system was pumped down a minimum o f  twelve hours a f te r  the 

sample was sealed to  I t  and fo r  two to  f o u r . days a f te r  regreasing stop­

cocks or major re p a irs .  This time was necessary to  dry the:sample and to  

desorb water vapor: from the w alls  o f the system as well as gases from 

the stopcock grease.. The system was never baked o u t „ On one occasion, 

when. I t  was impossible to  obta in  a s t r a ig h t  l in e  BET and no leak could ,

■ be detected, the system was flamed' gut with, a Hydrogen flames On a p p l i ­

ca tion  o f  the flame to  the outs ide  o f  the tub ing , a b r ig h t  ye llow deposIt 

appeared on the cool w a lls  close to  the p o in t  o f heating . On fu r th e r  

heating, the ye llow contaminant sublimed and could be driven over: in to

th e / l iq u id  n itrogen t ra p .  ' When the samples were heated on the vacuum

'l ine#  both ammonium n i t r a te  and iodine were given o f f .  Although iodine

was never seen in the system, 800 g o f  a s im i la r  s i l v e r  iodide sample ,

gave o f f  v is ib le  Iodine vapor when heated in a vacuum a t less than 100 C;., 

Therefore, the contaminant which was b r ig h t  yellow might have been mer- 

curpus iod ide . I t  is. b r ig h t  yel low and subl imes a t ,I;4d°C (17 ), A fte r  

the system was flamed out s t r a ig h t  l in e  BET p lo ts  were again obtained. 

Measurement o f  the Adsorption Isotherm ' :

' ' The s i Iver iodide was placed in a fou r inch length o f  6 mm glass - 

tub ing^ which had been sea led .a t .one end, to  a depth- o f about I 1/ 2 inch. ' 

The tub ing  was then wrapped.with black e le c t r ic a l  tape fo r  about two 

inches to  keep the I ig h t  reaching the sample a t a minimum. A separate 

piece o f tu b in g  w ith .a  c o n s t r ic t io n ,  plugged with a smai1 .b i t  o f glass



woo! * . was sealed on the system f i r s t .  This.prevented the sample from 

blowing in to  the system on evacuation and provided a th ic k  wall fo r  

removing the sample from the system w h ile  i t  was s t i l l  under vacuum. .

The sample po rt ion  o f  the tube a t no time became warm to  the touch. The 

system was then pumped down fo r  a minimum o f  twelve hours. The system 

was closed o f f  from the pumps' and simultaneously tes ted  fo r  leak ra te  and 

sample, dryness w ith  the Pi ran I gauge, i f  no Increase i n ;pressure was ob­

served in twenty minutes# a large s lug o f krypton was frozen onto the ■. 

sample and then, pumped o f f  a t room temperature fo r  a h a l f  hour. When 

th is , p re lim in a ry  s lug o f  krypton was omitted# the f i r s t  p o in t  taken on 

the BET p lo t  was:often in e r r o r . I t  is  believed (19) th a t  some surface 

contaminants may be removed w ith  the kryp ton . I t  was a lso necessary to  

use - a 'p re lim I nary slug: a f te r  each heating, cyc le , f  V  y ■■ ■

About I ,3. g o f  sample was used. The to ta l  dead space was about

170 ml and the  sample case dead space about i 5 ml. At these low surface 

■ areas# the amount o f /  gas in  the sample case- dead space■was o ften  so c|qse 

to  the amount adsorbed per a l iq u o t  o f gas th a t  a small e r ro r  in th is  dead 

space made a large e r ro r  in c a lc u la t in g  the amount adsorbed. Therefore# 

the po in ts  were taken one a t a tim e. A iI  the krypton was pumped o f f  a t 

room temperature between’ measurements ra th e r  than using successive slugs < 

o f  gas as is  ro u t in e  p rocedure,■ The pumping time fo r  complete removal o f  

krypton a t room temperature was found to  be one h a l f  hour,

The sample/Was a t the l iq u id  n itrogen  bol l leg p o in t  during the •

measurement. Great care was taken to  keep the l iq u id  n itrogen dewar 

p o s it io n  and the' r e la t iv e  depth o f  the l iq u id  n itrogen constant in order - 

to  el imlnafe- any' change in apparent', dead space. The 11 quid n itrogen was
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assumed to  vary no more than + '0;„2oC g iv in g  a negj fg lb je  e r ro r  in p « :

The e r ro r  due to  thermal t ra n s p ira t io n  a t these pressures and tub ing 

diameters is  n e g l ig ib le  ( 20) ,

. . V a r ia t ion  in theT laboratory .tem perature  o f  + 5 during ind iv idua l 

measurements resu lted  in many questionable p o in ts .  These.points along; 

w ith  the o ther p o in ts .o bv io u s ly  In experimental e r ro r  were-discarded,

. The dead space was •determined; vyIth helium using the re la t io n s h ip

P,V, = p.oV2 ,

The i n i t i a l  Volume o f gas was trapped in  the doser by ra is in g  the mercury 

from the re s e rv e i r , The he igh t o f the mercury in each arm o f^ th 6. U shaped; 

doser was measured a t room temperature w ith a cathetometer ca l ib ra te d  to  

0,001 cm. The readings could be reproduced to  t  0.003 cm. The doser arm 

:was made o f  p rec is  I on; bore tu b i ng.. The t i p  had been p rev ious ly  ca l ib ra te d  

w ith  mercury by weighing th re e  a l iq u o ts  w ith  the t i p  o f  the meniscus a t 

the c a l ib ra t io n  l in e .  The Correction fo r  the volume between the surface 

o f the meniscus and the plane o f  the c a l ib ra t io n  l in e  was ca lcu la ted  by ; ■ 

Dr, C orr in  from the.approximate: shape o f  the mercury meniscus and tw ice 

the amount added to  the t i p  volume. Using these values, one may f in d  

the voIume and the pressure o f the dose a t room temperature as fo l lo w s :

■ P -  <6 h ■

; \  ' v = vt i P + ^ ^ h -

. where • V- / ' 1 ;;; ;y.': : ■' - / .  •;•;. , ' . /

'■ - h' = the d if fe re nce  between the he ight o f
. the c a l ib ra t io n  l in e  and the t i p  

o f  the meniscus

and then conVerted- to' the volume a t standard temperature and pressure.

The volume o f the krypton s lu g s :a t- STP ra n ; from 0.15 -  0,45 fo r  the  1,3 g



The f in a l  pressure was measured by a McLeod gauge# prev ious ly  c a l i ­

brated by Norton .Glossman#'.where , • ? '

T y : T :  r : T . V :^  . ( 21) '

■ . p = th e 'd i f fe re n c e  in he igh t o f  mercury in
the legs o f  the. McLeod •

‘ h = he ight from the mercury to  the t i p
' ■''■•'t.yv-y-':T.yT ;r.. ' o f the McLeod . t . y  t". t'

r  = rad ius o f the tub ing ' 'V"

V -  volume from the cut o f f  to  the t i p  ''

The co rrec t io n  fo r  the shape o f  the meniscus.was neglected# since#, when 

ca lcu la ted  on the basis o f  a. hemispherical shape# the co rrec t ion  was less 

than \ %.  The f in a l  volume at STP was ca lcu Ia ted  from the dead space 

volume and corrected fo r  temperature and pressure.

' The isotherms were in te rp re ted  according to  the BET equation. , •

Although BET s t ra ig h t  l ines  g iv ing  in te rn a l ly  cons is ten t re s u lts  may be 

obtained using almost any value fo r  the extrapola ted l iq u id  p given in 

the I i t e r a tu r e ,  - the- absolute surface area is high Iy dependent on the pD y 

chosen ( 22).

The p0 used in the c a lcu la t io n  o f  the BET curves in th is  paper

were ca lcu la ted  from the experimental pressure o f the vapor in equ iI ib r iu rn

w ith  sol id krypton a t l iq u id  n itrogen temperature. The observed pressure 

over the s o l id  was 0.162 cm Hg. The temperature 'o f the j  i.qu id n i trogen 

at t h i s  pressure was ca.Icu I ated us ing Freeman and Hal sey 's data fo r  sol id. 

krypton (23) as fo l  lows ? • ' - y t  y- ''
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log pg = A -  B/T

log 1.62 mm =’ 717447 -■579.6/T . ‘

• T = 76„9°K

Next the sa tu ra t ion  pressure o f  the super cooled l iq u id  a t t h i s  temperature 

was ca lcu la ted  from the Freeman and Halsey' equation.

log p f - A 1 -  B '/T

log pj = 6.9861 -  491.9/769

Pj = 3,89 mm

This value o f  p gave s t r a ig h t  l ines  fo r  the p/p range o f  0.09 to  0.35O . " * r O v , , , 1

as seen in F igs. 3# 4 and 6. To .obtain an absolute surface area# an iso -  

therm. F ig . 3, was run on the Harkins and Jura anatase, TiOo^ standard 

o f  13.8 m^/g and the BET monolayer capac ity  ca lcu la ted  using the above p0 . 

The working diameter, 18.2 was ca lcu la ted  fo r  the krypton molecule 

from the experimental Vm and the standard area.

Heating the Sample' - '

A f te r  a zero time isotherm was run, the sample was heated on the 

system w hile  under vacuum by means o f  a I L s i l ic o n e  o i l  bath. The bath 

was co n tro l le d  by a mercury re gu la to r  and heated by a high res is tance 

w ire  heater. The vo ltage to  the heater was co n tro l le d  so th a t  the heater 

remained on about 30 sec per cyc le . The bath was s t i r r e d  ra p id ly  enough 

so th a t  a sma'I I w h ir l  appeared on the surface o f  the o i l .  Due to the small 

s ize  o f the bath the temperature varied over a 4°C range per cyc le . The 

mean temperature as measured by a mercury thermometer is  reported; The 

time was recorded from the time o f  immersion o f  the  sample case in the 

bath u n t i l  the bath was removed. The sample Was allowed to  cool in a i r .  • 

The sample heated in water vapor was allowed to  stand w ith  water
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vapor in e q u i1ibrium w ith  water, at-0°C from |0 minutes before: heating u n t i l  

the heating.was completed. The water vapor was then pumped o f f  and the 

sample dried  on the system fo r  a minimum o f  48 h rs . before the isotherms
■■■■ ■ - , ' 1 ' ;; ' ■ '. O ■ -: ' ■ ■ : ' ' ■ ' ' ' .
were run. The water was kept a t 0. C by a d i s t i l  led water ice bath which ,

was s t i r r e d  from time to  time dur ing the.'heating period .

Samp I e Weight '

• A f te r  the isotherms fo r  a g iven run were completed# the sample was

removed from the system w hile  s t i l l  under vacuum. The sample case was

.weighed before and a f te r - th e  sample was removed# and the sample weight 

ca lcu la ted  by d if fe re nce  to  0.01 g. No buoyancy co rre c t io n  was made,. 

Results and Discussion .

The P roperties  o f Si Ive r Iodide as a Function o f I ts  Prep.aration.

' The decomposition o f  s i Iver iodate w ith heat in a i r  resu lted  in a 

m ateria l which had the' co lo r  o f  s i l v e r  iod ide . However# I t  re ta ined the 

l a t t i c e  spacings o f s i l v e r  iodate and we have no proof th a t  s i l v e r  .iodide ' 

was formed. ' ■ - ■:: T ■ /  ̂ - ■'' ■ . - ! ■ ■

Thd p re c ip i ta t io n  o f s i l v e r  iod ide from d i lu te  s o lu t io n  resu lted  in 

a surface area s i m l la r  to  th a t  o f the samples p re c ip i ta te d  from concen­

tra te d  so lu t ion#  Table I I I , Thi s p re c ip i ta t io n  which was expected to  

producd a clean Sample resu lted  in a sample contaminated w ith  ammonium, 

. n i t r a t e .  ' , '

The p re c ip i ta t io n  o f  s i l v e r  Iodide from a. so lu t io n  w ith  added 

nucle i re su lte d  in a sample o f  low surface area# Table i l l .

The p re c ip i ta t io n  o f  s i l v e r  iodide from concentrated so lu t ion  pro­

duced .samples Of w ide ly vary ing physical p ropert ies  which suggest th a t  

th e  samples prepared by pouring together concentrated so lu t io n s  o f  immohittim



iodide and s i  jve r  n i t r a te *  varied w ide ly in surface p ro p e r t ie s .  The 

p re c ip i ta te s  varied from a hard to  f i l t e r  f in e  p re c ip i ta te  to  a spongy 

'e a s i ly / f i I t e re d  mass*; The f in e  p re c ip I fa te s  resu lted  in a hard cake 

which was d i f f i c u l t  to  .break in to  usable s ize . The. i n i t i a l  co lo rs  were 

various shades o f  l ig h t  ye llow  and the change in co lo r  varied widely in /  

response to  l ig h t *  The surface areas varied from about 0*1 -  1.2 m /g .

In s ix  t r i a l s  the B irs te in  surface area o f  12,5 m^/g was not dupIigated. 

The v a r ia t io n  in surface p rope rt ies  is not s u rp r is in g  since the con­

d i t io n s  o f . p r e c ip i t a t  Ion vary w ide ly  when two so lu t io ns  are simply:poured 

toge the r. . ■ , .

The sample prepared by d isso lu t io n  in l iqu id ammonia was f i n e l y " :
' ' % / ' / V ' : ; ' ' : 7 /■••" " 2 " ' . , ■ ' ■ ’ . ■

d iv ided and had a surface area o f about 0.6 rn /g .

Table I I !

: Method o f  Preparation Surface Area

pp t. d i lu te  s o l , ' 

pp t. nucleated s o l .  . 

pp t. concentrated s o l .  

pp t. from l iq u id  MH4

■ ^ / g

0.5 . .

'  0.1 ;' /  ■■ ::/ /

:. v ;-':V O. i  '- 'f  *2  y  y

' ' 0.6

I t  may be seen from Table 111 th a t  the surface area o f  the 

samples did not vary s Ig n I f Ic a n t  Iy w ith  the method o f p repara tion . In . 

most cases, the lower surface areas came from cakes' which were more - /

d i f f  i c u l t  to  break up than the o the rs . I t  Is impossible to  t e l  I whether 

the d if fe rences  in surface area resu lfed  from the condIf ions ,o f  p re c ip i -



:̂ : .  ' : - j ,' : \  ' - - '^ ,

Sampie ContamiriatIon •

A II the samples made by p rec lp i+ a t ion  which were tested showed 

contamination by ammonium n i t ra te #  The samples p re c ip i ta te d ' from both 

concentrated and d i lu te  so lu t ion s  appeared to  have a Iarge amount o f 

.surface contamination: sirice the contamination was found by the sublima­

t io n  o f the ammonium n i t r a te  from the s i lv e r  iodide fa r  below the 

m elting  p o in t  o f  the s i l v e r  iod ide . In view o f  the r igo rous washing th a t  

the ‘sI Tver Iodide had/recei ved, d t  'would seem, th a t  the ammonium n i t r a te  

is  very S trong ly  .adsorbed on . the Surface, : ; . . . V.

The sample p re c ip i ta te d  from 1iqu id  ammonia: a lso had surface 

contamination by ammonium n i t r a te .  But i t  is  impossible to  t e l l  whether 

the  oontaminatlpn re su lted  from surface contamination remaining on the 

si Iver .iodide used as a s ta r t in g '  m ate ria l or from ammonium n i t r a te  ■ /  " 

occluded in the s ta r t in g  m a te r ia l .  The most l i k e ly  conclusion is th a t  

i t  resu lted  from both. , . . ' : - ,, :

Since contamination o ften  has an e f fe c t  on the s p e c i f ic  surface 

' area o f a so I Id: (,^4)# the samp Is con t  ami nat Ion 'may have an influence - ",

on the re s u lts  o f  t h is  study, • ■

Surface Area as a Function o f  Handling and- Storage

The more handling a sample required a f te r  p re c ip i ta t io n  the more 

surface area :lo s s 'o c c u r re d , ' When a sample was ground g e n t ly  between two 

watch glasses I t  Tost surface area by a fa c to r  o f 30, This loss is  not 

simply a func tion  o f  pressure. The sample w ith  a weight on i t  fo r  26 

days Ip s t on ly  11^ o f  i t s  surface area^ F ig . 4; I f  is  more l ike ly ,  a 

" func t io n  o f  pressure and the deform ation,o f  the s i  Iver iodide by.the ' f ,: i 

gr inding motIpn. ‘  ̂ 4 % : ' :
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The sample used fo r  the surface area measurements lo s t  area on 

standing: in a vacuum over the period o f the in ve s t ig a t io n  as seen in '' 

F ig , 5* I f  one ex trapo la tes  the curve out to  the number o f  days the 

con tro l sample was s to red , one gets approximately the same surface area 

as was measured on the con tro l sample. The main sample had been opened 

to  the a i r  and handled on ly  when, i t  was. necessary to  ob ta in  a new a l iq u o t .  

These dates correspond to  the time o f  the zero measurements given in 

F ig , 4, There seems to  be a d e f in i te  re la t io n s h ip  between the time o f 

storage and the loss o f  surface area. This loss is la rger than one 

would expect from the pressure p t  the,sample standing on i t s e l f  since v  

the sample was on ly  about an inch deep* . Since the times, th a t  the sample 

was open to  the a i r  and handled are a t f a i r l y  evenly spaced in te rv a ls ,  

i t  is  impossible to  t e l l  whether t h i s  re la t io n s h ip  is a func tion  o f 

ageing or o f  exposure to  a i r  and manipu la tion .

The E ffe c t  o f Temperature on Surface Area •

V The re s u lts  o f  heating the s i l v e r  iodide samples are summarized 

In Table IVf and a set o f  rep resen ta tive  BET p lo ts  given in F ig , 6 ,

The surface area data obtained from these p lo ts  are s u f f ic ie n t ly .a c c u ra te  

fo r  the purposes o f  t h i s  in ve s t ig a t io n  which is e s s e n t ia l ly  exp lo ra to ry . 

The experimental data are not s u f f i c i e n t l y  accurate to  ob ta in  r e l ia b le  

c 1s jn .o rde r  to  ca lcu la te  the energy: o f adsorption o f  the  f i r s t  layer 

o f  k ryp ton „. There appear to  be trends in the v a r ia t io n  o f  c w ith the 

time o f  heating but s ince these may very l i k e ly  be a r t i f a c t s ,  any con­

s id e ra t io n  o f  these trends would be pure specu la tion , -



Table IV 

Summary • f  Data

30

Date Temp. C A/g A /g * % Decrease

3 /13 0 0 33 0.576 m2/g
3 /14 53PC 12 24 0.576 0
3/19 100° 12 22 0.319 45
3/20 147° 12 41 0. 186 68

3/27 I00°A 0 39 0.516
3/27 6 18 0.350 0 .358  m2/g 32
3/28 6 15 0.327 0.335 36
3/31 15 18 0.276 0 .282 46

4 /2 I00°B 0 40 0.528
4 /9 6 18 0.349 0.349 54
4 /10 6 17 0.311 0.311 41
4 /M 12 23 0.266 0.266 49
4 /1 2 12 25 0.244 0.244 L ...... * ..... |

6 /24 100° 0 38 0.438 -
'

6/26 H2°v 6 45 0.310 0.374 29
6/28 6 32 0.266 0.320 29
6/31 12 31 0.219 0.258 51
7 /8 25 .5  ! 26 1 0 .188 0.226 57" — -----
4/25 125° 0 38 0.491
5 /5 3 48 : 0.278 0 .298 43
5/7 3 .5 21 0.246 0.264 50
5 /8 & 19 0.214 0.230 56
5 /9 12.8 18 0.206 0.222 59

5 /14 77°
i  I 

0 41 i 0.471
5/15 6 53 ; 0.406 0.455 14 .
5/17 6 56 0.381 0.427 14
5/21 12.7 42 I 0 .348 0.390 26
5/24 18 31 j 0 .312 0.350 34
5/26 ! 29 ; 27 0.298 0.334

37
6/11 55° 0 42 I 0.437

— ---  .

6 /12 12 47 0.425 0.514 1 3
6/19 1 6 35 0.431 0.520 1.5
6/21 18 36 : 0.425 0.514 3
6 /22  ; 24 50 ! 0 .410 0.495 6------------------- i----------- L.-- -------------  1

*Areas corrected to  am In i t ia l  area o f 0 .528  m /g
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The f i r s t  t r i a l  run is  p lo t te d  In F ig* 7. The sample was heated

a t each temperature su cce ss ive ly . fo r  12-hour p e r io d s . . There was no . . ,

change at.53°C In twelve hours. At ]GO°C# there was a loss o f  45# o f

the surface area on twelve hours heating . At i47°C# there  was a fu r th e r

loss o f  \ 1% . ' '

The re s u lts  o f  the runs a t various temperatures are p lo t te d  In

. F ig . 8. In agreement w ith  the; f i r s t  t r i a l f r u h ^  the re  ;|s no •s ig n if ic a n t
. - ' ■ ' ' . Q ' ' ' n  ' ■■■•" ' ' ' ■
s in te r in g  w ith  time a t 55 C. At 77 C,. the  s in te r in g  is  pronounced. At 

100 C th ree  samples were run. Two were heated under vacuum in the same 

manner.as the o ther samples and one was heated w hile  in e q u i l ib r iu m  w ith  

, water vapor, a t  a pressure o f  - 4,.58 mm o f  Hg. The re s u lts  are .graphed in 

F ig , 9. They show th a t  there  Is no s ig n i f i c a n t  d if fe re n ce  between heating 

the  sample in a vacuum and heating the sample w ith  water vapor a t  th a t  

pressure. The e f fe c t  o f heating the samples was p rogress ive ly  greater 

a t | 25°C . ■ ' ■ : • , . : : '

Frdm- F ig . %  i t  may be seen th a t  there  is  a large i n i t i a l  drop In 

surface area fo llowed by a leve l ing  o f f  o f the loss w ith  longer tIme o f 

heating . The f in a l  surface area seems to  be l im ite d  by the temperature 

o f heating a t f i r s t  glance but I t  Is l i k e ly  th a t  the same l im i t in g  surface 

: area might be reached I f  the times o f heating were c a r r ie d  out u n t i I  the 

1im it in g  values were reached.

In on ly  one case, 77°C>' was the re  s u f f i c ie n t  data to  ca lcu la te  a 

s in te r in g  ra te .  The ra te  constant was ca lcu la ted  as fo i lo w s .

I f  . A A = Ktm .• '• ' . ( I )  ■ . • . '

Then • • . ' log A. A ^ m lo g  t  + log k 2 )

and k = A A / tm • (3)
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The graph; o f  the s t r a ig h t  I i n e /  (2)> is shown in F ig . 10. The ra te  o f  ; 

change w ith  time is  constant through 42.7 hours and then shows a decrease 

a t 72.5 hours. The ra te  constants are l is te d  below each p o in t  and are 

In te rn a l ly  cons is ten t.  .The change in surface area is p roportiona l to  

the 0.458 power o f  time and the,average ra te  constant Is 0.0285. The 

dev ia tion  o f  the 72.5 hour p o in t from the ra te  equation suggests th a t  

there might be two processes involved in the loss o f  surface area on 

heating but the data, are in s u f f  ic ie n t  to  draw any eonclusions,. % '

Summary o f  Resu I ts  V

When s i lver iodate was heated to  400oC fo r  48 hrs*. the re su lta n t 

ye I low materi al re ta ined  the la t t i c e  spacings o f s i I v e r  iodate.
\ . p)

Si Iver iodide samp Ies w ith  surface areas o f from 0 . 1 to  I .2m“ /g

.may be obtained by p re c ip i ta t io n  from concentrated s o lu t io n .  We were

unable to  dup lica te  the 12.5 m /g surface area obtained by B irs te in  by 

p re e ip i ta t io n  -from concentrated s o lu t io n .  ■ ' \ ' ; '

The s i lv e r  iodide samples prepared by p re c ip i ta t io n  from ammonium . 

iodide and si Iver n i t r a te  so lu t io ns  were contaminated with,ammonium 

n i t r a te .

The so lu t io n  o f si Iver iodide in l iqu id  ammonia and i t s  re p re c ip i ta ­

t io n  by evaporation o f the ammonia in the absence o f  water vapor produced 

a f i n e ly  d iv ided samp lewwith a surface area o f  about 0.6 m /g .

, The surface area; o f  s i IVer iodide wi l l  decrease by a fa c to r  o f 30 ; .

on gentle  grind ing^ although th e  surface area loss .w ith  pressure is on ly

moderate. ; ' i  .

The surface area of. s i lv e r ,  iodide decreases w ith  time o f  storage 

under vacuum. I t  is  not possib le  to  te l  I from our re s u lts  whether th is
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e f fe c t  is  from manipulation# p e r io d ic  exposure to  t h e .atmosphere# or 

ageing a t room temperature.

There is  no s ig n i f i c a n t  s in te r in g  o f the s i lv e r  Iodide a t 55 C 

fo r  60 h rs . At 77° ,  • and I250C there  Is s ig n i f i c a n t  s in te r in g .

The r a te  o f s in te r in g  increases w ith  increasing temperature. A ra te  

constant was ca lcu la ted  from the equation

■/ : < : ^ A  = Ktm " f. ; v - . ' ■■ r  ' t f

K was equal t o  0 .0285 'and m equal to  0.458 a t  77°G.

Since s p e c i f ic  surface area may be a ffe c ted  by'contamination^ these 

re s u lts  may be influenced by the nature Of the sample.
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