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"[thlcal den31ty versus wavelength for a  _
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i%vfllm.of the unknown on a quartz substratee4_# 3

visible film dep051ted on qu&rtz u51ng a
stannous sulfate SOlUthDo

@ptlcal den51ty versus wavelength for V151ble 7
*5and 1nv181ble flhms of hydrous Sm@zo -

;‘X-ray fluorescent 1nten51ty versus am@untw

’ }of tin for tin standardso

10

Flgurell

of chlorlne for chlorlne standardso4

Transm1531on electmon micrngraph of
umknown on carbon before exposureo

'Transm1851on electran mlcrngraph of umknown
on carbon after'exposureo | ’

Schematlc 111ustra€ion of the apparatus used‘m

to measure the photochemlcal reactlon rate@_’

12 (a) Optlcal den51ty versus exposure time for

‘13

an invisible film. (b) The transient portion

»_1 1 3O; 1  ﬂ\l

o o8e

P y
P
s o : E - 4 PR
Yo s B ; / bl R
S R o p N SN
N . Y X , ' :
- . T p ;
E : e : 4
. : .
\

'anay fluorescent 1nten51ty versus amount “ff;_r“7 37/”'

~ of the Optlcal den81ty pl@tted on a logarlthmlc o
'ﬂ”scaleov

»Tlme to halfneXposure versus relatlve humldlty

-“(]for samples exposed 1m alr




RO . o et i R T S e s
T e L bl i i e R . -

o Vii

SN R e e e RN '"*‘:w.t,,gipa@@ EEEER TR e f ﬂ
~ Figure 14 ‘(a) ObS@rved dwspacings f@r unknwwn aft@r S ]43.".‘;5  °f‘;'t +
;'1w._~'?”;exposur@,. (b) K%ray dlffracti@n data f@r\: f";f7§ e **nf- 't}'“-ﬁ'f

-

WFigué§f154'(a) Observed dmspacings f@r unkn@wnoﬂ_ i j gj f f 4@;;1s
e TR *\*(b)‘X=ray dlffractlan data for Sn@ B AT

i e B s R st £ s S A s o Y e e e b 0 gt 2 i S 8 e 20 s £ om s o £ S 5 8 - ) s . ; . . - SRR ELEE L R X o - B - R : T e “
.t S P N v o . ! o N o L N ) - . . - * N : N ) T " Co ° N -

USRS VI




I

. Table 3
"775 [Tab1e:4;

. Table 5

‘ Tab1@ 6,

F ]

 LIST OF TABLES

eray diffractlan data for the prec1pitat@
fr@m a SnClZ 2H20 solutione v,'

from a Sn804 solutlano

Amaunt of tln and chlorlne deposlted for e

varlous w1n51ng methods,

Electron dlffractlon data for the unknawn

on carb@n before expesurgo o

El@@tran dlffractlon data for the unkn@wn
d@p@smt@d on carbon and then exposed to
ultravaolet llght for 2 minutesa }'

@ptlcal d@n31ty at 2 5003 versus total
exposure time for invisible fllmS in air

Page

K=ray dlffraction data fow th@ pxgcipitaie;;@;;i;

  47  ,,,

i R e ': - e - IR e

'4;«u-ew*-at varlnuS“relatlve“humlditieso

| "vajrab;e .

Tlme to ha1f=exposure for fllms in a

: n1tr0gen flushed atmosphereouvf

Estlmated partlcle sizes for a fllm after

exposure to ultraviolet 11ght,_;(»\; o

' . :
1 . ' E R .
o ER RERRE I —
o 7 L SRR -
. My N 3 .

/ oo f

AT

e iitein s ST PP et J R rroms e




h,wo@;;iémo' Of tln.was dep031ted and that the molar ratlo of tin to

A process for the eelectnve depoeltlon of metale on enbstneteee;c~i”f'”

xf{'stnate by 1mnersnng 1t 1n an acld (HCI) solutlon of stannous

” “3 'ch1or1de and then r1n51ng it ln delonlzed watero Thls study was

gnto 1nvest1gate the effects of the eurronndlng atmosphere (pantlcnlarly

“crelatlve humldlty and oxygen) on the photochemlcal neactlon ratee' ""

f;-z

J9_é;of a photoeensntlvc tnnxllﬁ componnd whlch is dep051ted on a snbﬂ'gi“:U

'ﬁFftwoe recently develcpedoe The procese ntlllzes an inv151b1e flln n c}f*'Ff”;"

‘cundertaken to characternze the unknown photosensntlve compound and'nfnff$ffﬁf:

eray fluorescence ana1y31s lndlcated that appr031mate1y 4£mge/';“::ni;; 31_,q

s   ch1or1ne was greater than 8 to 1. No x-ray dlffraCtlﬂn peaks were

?“ye*g_observed for the unknown and thus direct 1dent1f1cat1on by thls

~

 "vea1ed that the freshly dep031ted fllm con51sted of a mlxtnre of |

"n_SmO and Sn@z w1th partlcle 51zes ranglng from approx1mately 50 to
A' 150 A, The electron dlffractlon pattern of the fllm aften exposure

,*VOon,\to ultrav1olet llght 1nd1cated that 1t con51sts of Sn@z

In tne cnaracterlzatlon of the unknown, it was dlscovered that

"57v'the ultraV1olet abeorptlon of the fllm decreased as the reactlon ‘

| anblent condltlons the tlme to half-expoenre was fonnd to he a

SRR . ;

:‘dependent on the partlal pressure of oxygen°

 Amethod was not p0551b1e;ﬁ Electron mlcroscopy and dlffractlon re-‘;e5¥s.%ﬁf‘“”

P B DT LIS L L L T e

Tk‘pr0¢eeded, Thls gave a means of measnrlng the reactlon rate. -Iny j¢jf‘f;;C§;)ﬁ*""1

,rllnear fnnctlon of relatlve humndltyo Slm11an measnrements nn.n‘v-+¢ #* i

g‘nltnogen flushed atmosphere 1nd1cated that the reactlon rate 1s :;f1f §!  c1;f 




- INTRODUCTION

|   i~%i¥ “electiV@“MQtal D@positi@n .

Lo s S

R Thls sﬁudy was und@rtak@n to clarlfy SOM@ of th@ st@ps @f a

'thls tlm@ have some disadvantagesa- Som@ technmques hegln.with a '

">'graphy, prlntlng or uther methods, a protectlve coatlng 13 placed ’V

 'ﬂposa1 of the used etchant 1s often a 51gn1flcant problem. These

‘“*“ﬁi“fferties of the varlous methods 1n.w1de use today ; ;~  fg '7

A process,was recently developedl that overcomes‘théée'diffi?   _f},f:f "

»v   ‘¢u1fies-to a'great extent' The bagls of thls process is a photOm |

i metal is then etched away regulting in the d631red pattern, A larg@ -

 ¥jpr0c@ss for the selectlve dep@sitien of m@tals on substrat@s,, The fﬁfﬂf***“*'”\'
.ﬁ’printed cerU1t 1ndustry uses a number @f dlffer@nt meth@ds to abtain v}f; 

“«' fmﬂta1 patterns on various substrates but the processesrin Wide“usegat;7 ”]°f;--~

:_'over those areas where the metal pattern is d@sired Th@ exposed e

 *¥€[1 chemleal r@actlon 1n Whlch a tln(II) comp@und is ox1dlzed Wh@n it is i

'?ﬁ°“*;¢expased to ultrav1olet llght in alr g1v1ng a tln(IV) compﬁund In:7"

?L,(HCI) solutlon of stannous chlorlde, rlnsed 1n an @verflaw bath 0f

'  iand daslr@d areas are exposed t@ ultraVIOI@t 11ght Areas.which'aré;

V1'7<pound on th@ substrate,f A mask 1s then placed over the substrat@ L

5' qtdiff1cu1t1es and others such as poor llne deflnltlon are often prop—jfff‘ftr-”“

,the selectlve depos1t10n process, a substrate 18 1mm@rsed 1n/an acld BT

‘bfwd@lonlzed water and th@n @xcess water is blown off th@ substrat@ W1th‘ v °“

,,,,,,,,,,,

e A St ——1 e = - [
A o bt mnn e

 suhstrate completely coated Wlth the deszred metal and then by phgteaf    §;;  ]“*

_ &ﬁ-:amount of the metal is wasted (usually more than half) and ‘the GIS“  ;;; ;;; [!; m?

"  }n1trog@n, Th@ result 1s an 1nv151b1@ film of an unkn@wn tln(II) com= f f i§?” “df5




"- not expoeed remaln eewered w1th the tln(EI) compeund whlle the expesed ‘}

 ;areas are eenverted‘towe tin(IV) compeund .The subsfraterls thenr ‘A'Ai,,ﬂe
‘;f"'immersedln ae‘a01d.(H01§ SOlMthﬂ ofrpailadlum ehieﬁide and the tin(ll) 'Q.
- -‘“comﬁound reducee‘the palladlumzand 1t is de§051fed-on’thevarees‘ef Lol
f~"f»the substratefhat are ceatedw1th the tln(II) c@mpeund Paliadium 1s‘hg‘
’.\"‘not deﬁ051ted‘én theexposed areaslthat afe coated‘W1th tﬁe tln(ﬁv) |
\‘ compound The subsfraie #e nex% rlnsed an& fhen 1mmersed’1n an ‘

I'f?;;electroless platlng solutlon and the palladlum serves as a eatalyst

"een(for the dep051tlon of copper or nlckel The electroless metal

'*’f‘ pattern is usually thln but 1t can be bu11t up by a subsequent

"electroplatlng step The overall precess does not'waste copper and

fuses only trace amounts of tln and pailadlum, In- addltlon the  '"]

"°7er,resolut10n of the metal pattern is excellent

' - B. Statement of the PToblem

| Many of the eteps of the.selectlﬁe metal debesitien process,.‘"fL ‘;'ﬁefe

 ’fjesuch as, eleetroplatlng end electroless depositlon- heve been in ﬁse{ [ .
"*for some-tlmeend ere falrly'well eharacterlzed cemmer01al proeesses°

';eHowever the fact that the cempound dep081ted on a substrate from avie.fffe”, ,

 ”f}stannous chlorlde solutlon is photosen51tlve is a recent dlseovery
vve_and therefere the photochemlcal process 1s worthy of 1nvest1gat10n.
” *7 ¢_A therough understandlng of the reaetlen requlres the charaeterlzatlon3 X‘=*“

"'of the photosen81t1ve compound (for brev1ty thls tln(II) compound Wlll e

be referred to as X) and an 1nvest1gatlon of the reaetlon mechanlsm°

';e'At best the characterleatlon ef X sheuld glve the comp051tlon, struc-v 

‘"ture, amount partlele 51ze partlcle dlstrlbutlon and the ultravieletf_ e,f ;




V‘ubsorptlou opootrum of tho compouud 1n oitua_ Tho study'of tho pho$o=;'

'”ﬂau:ohomiool roactlon should also mousuro tho offoot of th@ suruounding

) 7f[o,atmosphoro ou tho roaotion rotea' Thls iuformation oau ho obtainod byr,

W ‘"~uu? varying the atmosphorio compositlon (purticulurly oxygen aud rolotivefu  ey

,~'_pH and thus 1t oould be a ba51c salt, suoh as Sn(OH)01 HQO ,Which   ?1; E ;?.u‘$;_.H\

““fo'humldlty) provided that @ means 1s avallablo~£or moosuring tho

'”"%:reoctlonfratoOV

' C. Methods for Characterizing X

'u Thejuukuowu},X;‘1s a good reduolng agont 1ud1oat1ng that 1t

:‘ $”*?5"conta1ns tln in tho +2 valenoo statoz.' Tho unknown film probably |
-'“7ﬂconta1ns some tln(IVE as an 1mpumty4 5,6 booause tln(II) chlorlde 1s_;fii#fsf*f'i'

'A*slowly ox1dlzod by dlssolved oxygen 1n aqueous hydroohlorlo aold

7

.SOIHthHS‘, The compound is formed undor oondltlons of 1ncroasing

' fforms aS a preCIpltate in aQueous solutlons of stannous chlorldeg e

' *’fff*if the pH is betweon 1 14 and 4 5 or lt could be a hydrous ox1de,‘ 

'”vE;fji  such as SSnO 2H20 'Whl@h forms when tho pH of a stannous salt solut1on

."f@ oxido4 1& 12 and basic tln(ﬁl) ohlorldeg_cou bolcompurod with the
s  x-ray and electron diffra@ﬁi@n?patteﬁng_of_tho'unknﬁwna,}X%Taygfluar' u'ﬁ‘u

”“._jueSCouce~aualysis'can be used to determine the omouut of tin'ouo oh1oumme; T:"

- the two compounds is observed.

o rcharactorzze ﬁa; The x-ray dlffractlou pattorus of hydrous tln(II)

-l Teme ey

8

Because thofilm'consiéts'ofha”Very émalluoquantity~of x;jstandard;gfao”??”7‘

'ﬁ”ffianalytiﬁal teohnlques for detormlnlng oomp081tlon9 10 aro not i  _~”y u"

'”‘1s ralsod~above'6,34oo If-tho‘pﬁ'ls botwoen;4,5fand,6;3,ga-mixturejof-;;;f}f;jfo,f fj

  ?fﬂ%$u~app11cab1e It is therofore uooessury to use indlroct moasurements to ;g;LQQ%;?o?*;

= AT, e e Y I R e i




 .;    f:in7iﬁ§ fi1m;5‘The ultraviolet and lnfrared absorptlon @p@@tra @f theﬂ f; §. 7:“'

'. f”ffff{i;unkn@wn cam be compar@d w1th th@gg @f kn@wn e@mp@und5°  Also, th@

;'i4fﬂﬁfparticl@ siz@ and dlstrlbuti@n can be d@t@rmined by elﬁctron mi@r@gcopy‘; f7f§f ”'°

) | Ph O‘t Oﬁ @xl d a‘tl on @f . | . R

- _ | A, o e '5'6°' .
Ther@ ar@ thr@e kn@wn valence states Of tin In th@ pure

;ﬂ:.gggmeta& th@ valence 15 zer@ and an campounds tln occurs in th@ +2 and

fa“ﬁ:fﬁfi f+4 valen@e statesou The phot@=ox1dation @f X can b@ @xpr@ssed by th@

S e par‘tial reaa’gctj,-@n .

;'j iﬁI;ijhe compositlen Gf X may be expressed by the general f@rmula

'05;§§35j3nA XH 0 ’where A has a valence of =2 (A ) and x 15 a p@sltlve
{?’ 1??; ﬁnumber or zeroo Same of th@ p0531b1e reactions can be wrltten, i e.,““gifo 
sm °XH2@ + 1/202 — m 0 xﬂzo | ’_f('z)*.,'f..f

SnA xHZO + H, o — sm o- xﬂzo + H2 @ R e

SnA XHZO SnAn() (xalmzo + Hz (4)

Mvﬁt7 ?f;Equat1on (2) represents th@ mxldatlon of X by atmﬂspheric oxygen,7 '$‘“ TJ

|  jf££Equat1on (3) by free Wate? and Equatian (4) represents th@ 0x1dation

'° [;fof i by water of hydration4 | These are thre@ p@SSlble m@@hanlsms for }j ¢;“”

A  ;f 'the OdeatiOH process, h@wever it could be - compllcated by several 0ther°~£f:J - ”

'“*T;;géfif?. eventse. Th@ reactlan may actually proc@ed by a comblnatlun @f thew
me@hanlsms and th@ product may be furﬁh@r hydrated or d@hydrated

Thermodynamlc data are avallable f@T th@ case 1n.whlch A

‘l i represents oxygeneig 14 The data ar@ as f@llﬁws°i

sl




'"t7?ffi;fwhere l’ is gi%en in moles/cm Thus

Sn(O0H), AFC=-117.6 Keal ./mole

. T/ AH°=-138.3 Koal. /mole. &s@::zs lL cal /%
- Sm(0H), = AFO=-227, 5 Kcal./mole =

LTI 4 HO= "=270. 5, Keal. /m@l,e; &s@»zg cal / k

”ffl5¥HQW@V@r the compesitlans g1ven.w1th th@ data are n@t in agre@m@nt With

T recent analyti®31 resultsﬁ 5, 6 11 and thus th@ us@ of this 1nformat1@n i J 
 ?;1n m@klng predlctlwns abaut th@ p@sszble reacilans 1s questioﬁable, ';"

- In th@ characterlzation of X 1t was discover@d thatAiﬁswoptlcal
"'densiuy decréasés'as the photoch@mleal feacti@ny pf@ceéd$?  This _
,tbeﬁaviormaybe explalned u51ng Lambert s Lawl5 which states that llght

'7,is absorbed as '

‘ }ff w'ere X is the absorber thlckness and K is a constant of the ahsarber-” ’""y'

ZVat a'parti@ular wavelength The number of males of absarber 1n a

1ffilm.of,:r053 SGction A is

;)Ax

R . R B . o s l‘, L - - Coe T e - ; B _ - ; L . FEE - C B -
v Y B . e s . o

: - .
¢ N . P .o
P PRIP S VIR 6 SR - -




T T e

If the total amount of tin is cons.'ﬁtaﬁt then Rl e m s

- _;g?iifpr@ceeds, The ablllty to determlne th@ reacti@n rate by m@asurlng

N o~ . . B . B
Lo - - . . D
. . \ . . v .
} : RET
e

| and intogration gives |

u”?77ffﬁf*Fbr twm absarbing sp@cies namely, a tin(ll) and a tin(EV) @om@ound
: “ 7?5fand assuming no @xchang@ int@raction16,17 1$ﬂ  

| i?. = e;{?ﬂmZ‘ e%’%
I | |

~© Optical density is defined as

. and therefore

Kymy + Kgmy

. BRI ©o o ‘ ‘ . o . R S -;_ o . e . _;_’;:4‘».:"__‘_.‘ L SR L . ' J
o v : B AT S ST e S ST :
T - Lt ) B . . o o Tl e :

N PYS T R

. mp+mg=mp-constant -

o lEmsmer-wy
_v,   j ;  -l' _ ’ lnila) T , :

D“ (Kz = K@)mg +K4MT

‘f“”753fﬁﬁf?%¥?ﬂf!ff?‘sl“,'ii; - o W_.»;iffjf; ;(5>f!*<*-~'**"“ .

v 4

“'iffffflt is then seen that the optlcal den51ty is a: linear functlon of theA;’
‘+ jfnumher of moles of the tiHKEZ) compound present Thls then pr©v1des.   »

 ~f ”f a means @f measurlng the variatlan of X with time as th@ reactlon

4 7the optical density of the unknown as. a functlon of exposure tlme




th@ regults Wlth thOS@ @btalned in alr, A

»; 3jvarieus relatlve humzdlties in alr.;

?qu  ;a11@w§ a study of sam® cf the factors that influence th@ reacti@n@
'"“_fff?The eff@ct @f atmosph@ri@ @xygen can be observed by makzng th@

'_"‘f'v-,-measurements in an in@r‘t atm@sph@re such as nitmg@n and @@mpar ing

SlMllarly, th@ eff@ct @f

'°5fff§fsurface mozsture can h@ determined by measurlng th@ f@&@tlﬁn rate& at.ifiﬁ

E ..«/‘ -
,.-»-«" e




» f9{T.for 5 mlnutesa Exeess water was then blown off the sllde w1th nltrogen.:it:«v"

°°T7c;;jlar1y it the sample was rlnsed gently)

'”’ ~3f~B; Ultrav1elet Absorpﬁlon of Other Compounds .

o T 5
"“”f{"Parlson W1th the unknown° Hydrous tln(II) ex1de was prepared by

:'fafter exposure to ultrav101et llght

| }_*EXPERImENTAL"EeeCEDnRE”’

"'ffﬁo Characterlzatlon of Unknewn -”

fi}A‘Uleraviolet Abso;ption of Unknewn'e‘»
“ ”J.'.An inv151ble fllm of the unknewnewas dePOSItéd Un}a:CIéén fused ;:';f“
'\ﬁquartz sllde by lﬁeer81thlt in-é tlﬁ-501Ut10H (10 g°-°f SHC12 ZHZO

:“n'and Oj8 ml ef eoneentrated}HCl in 100 ml 'ef delonlzed water) for ? 1

‘   e3 mlnutes and then r1n51ng 1t in an overflow Eath of delonlzed water5

""?The ultrav1olet aheorptlen due to.the unknown‘was meaeuredlusing thei'~~"'
“,' ‘~Mode1 14 Cary Spectrophotemeter,, The sample was theh exposed tO‘..”   
a']\fjnultrav1olet llght (approxlmately‘s mw /ce ) from aHmercury lamp
v:ﬁfj5157<z 537 A) for 6 mlnutes and the ultraV1olet absorptlon due to thee-
".\fllm'was measured agaln. Flgure 1 shows the opt1ca1 den31ty of the
‘ungnown beforeyand after exposure;‘

" In some eases a v151ble film was dep051ted on the Sllde (partlcu‘iwf‘v'

aaz‘ffje;Of;such a sample is shewnﬂin'Figure‘z The reflectance of the sample ; f7 ‘“

""71f;g;jwas aLBO measured and is shown in Flgure 3

The abserptlon speetra of other samples were measured for com—5"'

———

‘E’“ffaddlng NaOH to the tin solutlon (10 g. of Sn012°2H2@ and 0 8 ml . of v7e"?w7 —“”
‘:e@ HCl in 100 ml of delenlzed water) untll the pH was 8 4° The pre@lp‘ ;Tf;iQ;;;gfgi
. 1tate was washed w1th water and applled to-a clean quartz Sllde°' The .

fultrav1elet optlcal den51ty ef the eempound was measured before and

Thejresults are in Figure 4.

7 The ultraVioletlabserptionr'.feie;:{jfv N
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| “-f_ the slldo in a solution of otannous sulfato (10 g,,SnSO4 ond 0 9 ml

'"ofj‘]conc@n%rated H2S04 in 100 ml of dolonizod'water) and thon rinoing

’o”> ~o»it in an overflow bath of dolonlzod wotor for 1 mlnu'to° Exooso wator
"w;;€  1Was removod Wlth nltrogen and tho ultraviolot aboorption of tho film

'o o, Awas moasured hoforo and after oxposuro to ultrav1olot llghta, Tho

. ]»procedure was completely analogous to that usod in proparlng tho

.'i’ 'unknown oxoept that tho tln solutlon oontalned sulfato ions rathor  ;fsf7*“”'
'fthan ohlorldo 1ons,' Tho,rosultsoaro shown ln Figure'sgf

Hydrous Sn@2 9 was propared by addlng sodlum hydroxxde to a water-

T : e P i e BT i : e A =

| “"7f;}f “so1ut1on of stannlc chlorlde pontahydrate until the pH was 4 0 'The’”'»“"”‘

T

"ultraviolet absorptlon of tho preclpitate'was moasured | Tho:results

vy : -
B A R T s

~ :5° fare shown in Flgure 6 for both 1nv151ble and v151b1e fllmseou;wiv ”'i; ¥fffL:fo * 

"oi,C;' X—ray lefraotlon
Both v1sible and 1nv151ble f11m° of the unknown on quartz were

"7f77oexam1ned W1th a dlffractomoter and w1th a unlvofsal camora - No

‘]"l57}-‘d1ffraotion peaks~wore observodlwlth the diffractometer, A difqué_ :

"°’*ﬁf<.band c@ffesponding to d-spacings in_thoréngo,Of 2;32 to 1.99 § Was“’

”éo aoonsistont1y obSorved with'tho”uniVorsal'camera Howevor, thls band

'ovwas also observed for clean quartz slidos that Wore not coatod Wlth

* j;the unknown fllm, ~No othor dlffractlon peaks woro observod,

g R W e e, ——— T . o o o : . ST e

ho unknown X is formod under comditions of 1ncre381ng pH

S **A.‘durlng tno r1n51ng stepo- For this roason, bulk prooipitatos were

’fﬁ5wproparod by 1noroosing tho pH of tin solutlonso A solution wao :

. propared Whl@h con51stod of 10 ge of Sn@lz 2H20 and 0. 7 mle gf ooncon- ‘*f¢o‘ .

o tratod HCI 1n 100 ml. of denonnzed watoro rSodium hydrox1de was ﬂ




' .’l'adeed e]!,e'ely -m give a pH of 8;'.!;!2’; The white precipitet@ was ple@@d in

  }& cepillery tube end meunted in a DebyeeScherrer eemere,t The x=rey - o

kfmffilm.wee 1eeded by the Streumenle methed and the semple wee expeeed

‘"°ee'fe for 6 heure with CmK@ | radietieno” Teble 1 glvee the ebserved deepeeinge‘ Bty

& ,'24_1_.“ BOR

ew‘-f,?and inteneitlee,
The ebeve preeedure was repeated u81ng a tin selutien that

"°*f7éf1n1t1311y eensisted of 10 g ef Sn804 and 5 ml. of concentrated H2804 ‘‘‘‘‘ ‘:;e??eee:--i

'““75[ff , in 100 ml of delonlzed watera The results are given in Table 2.

‘Uﬂ  <e€,D :XeRay Flueeeeeence Analzei  ’ - _"‘ '  - f;ff ife§[jﬁy[~'*f"

| Standards fer tln and ehlerlmevwere prepared by applylng keewn
hiﬁexeamounﬁs of the eiemente to fllter eeper meunted on quartz slldes, A"
 l ;NaC1 eolutlon (331 31 mga 01/100 ml. of delonlzed water) an& an aeld’ L
;17-11801ut1on of SnClz’ZH o (23 405 mga Sn/lOO m1, of ﬂelonlzedweief) .
;ﬁ"were ueed to prepere the ehlorlne and tin standards resﬁectively.‘-,-}~ee‘

AFluoreecem:lnten51ty was meaeured for SnL@D end CIK@ | using,a_

|  °’*[ | chrmmlum target and a PET CTYStal _The’ SnL and CIK intensitieS"** f f5°t*‘*f
”°»_fwere,measured'for eech of the Slld@S before applylng tln or Chl@rln@
'3[ to eetabllsh background levels@ FIV@ etandards were prepared fer tln .

e | -, Eand f:u.‘ve fer chlorln@ by applylng varlous amounts of th@ etan@erd

Wﬁ‘501ut1@ns tO th@ Slldes° Th@ SnL ~and CIK. -‘1ntensities*wer@ then‘ffff f7e5;e7ff5

“* ' fff,me3Sur@d.again,, Flguree 7 and 8 show the fluerescemtlntensity tﬁwﬁ??fffffﬁf ———

“°'f,(correeted f@r backgreund) vereus the emeunt ef the tln and chlorine

"'f reepeet1v ly,v The ameunts of tln and chlorlne 1n the delonlzed weter |
'were else meaeured by x=ray fluorescence end they Were observed t@ be

S B negliglble cempered to the amounte on the standerd elldee




”*delonlzed water fer vaflaus tlmes,.

;°Were measured before and after applylng th@ film,

'“3   f concentrated HCL in 100 m1. of delmnlzed water, 
”' “  fjr1nsed f@r 15 seconds in each Of tWO 500 ml;
- water.

.7approx1mately 5 minut@s.’

*a}f    in Flgure 9

“*,f-electron dlffractlon data are llsted 1n Table 5* and th@ corresp@nding

’°*“f}i ‘ftransm1SS10n mlcrograph is presented in Flgure 10

Voo R . Je e R . - T . . | RS . NN - .
: . N o ' SR " : S - 3 : N B N . L. . ‘,“ N !
Sm R : _‘ S S el I o ; ,

Sam@l@g @f th@ unkn@wn On QHartz wgre then pr@par@d by imm@r@ingk,jfL«f'"*w*

a quartz slid@ ln a tln sclution con51st1ng @f 1@ g, of SnCl ZHBO

2

and 0 7 ml of concentrat@d HCI in 100 ml,of d@ionlzed wat@r, Th@y b

‘ ,_w@re then rinsed elther 1n a flxed valume or an @verflaw hath of 5?“*~’

Th@ amounts of tln and chlorln@

o llsted in Table 3

 E¢f Electron Mlcroscogy and Diffractlon,_;

“, The unknawn.was dep051ted on a carbon substrate by 1mmer51ng 1t

'1"’7‘1n a tln soluﬁlon con51st1ng of 10 g @f SnClz 2H20 and 0 8 M1 Of

The samples were then allawed to dry 1n alr whlch requlred

wg Tab1e 4ok and the correspondlng transmlss1on mlcrograph 1s presented

"TheﬁresultS‘ar@'f  ;fﬁ7*wi-fw'“

Samples were next ufafjv:¥~~-»'

The electron dlffractlon data are glven 1n B

Other samples were prepared 1n th@ manner descrlhed above and then

exposed to hlgh 1nten51ty ultrav101et llght for two»mlnutes vThe»‘

';} bands observed for the fllms before and after exposure are quite br@ad

e e

’”ffand th@ref@r@ the dlffractlon data are glven in terms of ranges of
-‘-;;dmspacings,] |

‘i,_‘“wgfv'.wv

,,,,,

The Véry_diffuse bands due to carbon are not included.

The dlffraction "”  

beakeﬁs'of“deionized D |




'f E @tn@r'ﬁnalytical Techni-

o e Dt Mg B Ay S e e

th R R
e range of 25 to 2000 C,_ The_most'sensitive scale of the

(0 2 mg./ln ) was used
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A Effect m’f R@lamve Hummity

“"II Th@ Ph@tochemical Reactiom e

As m@ntianed pr@v1@usly, the optlcal density of th@ film can b@.*ﬁhl

',f',used t@ measur@ the r@actmgn rate f@r the @xidatlan of X A canven=f ?‘f‘””“” o

Mﬁ7ffarrangem@nt by'which the sample can be exp@sed t@ high 1ntensity

"’f  ju1trav1o1et llght and alsa provid@ a means for m@asurlng the optlcal

: f"dens1ty of the sampleo Fbr these reasons a comblned cover plate and  fff i"

: "  ? fsamp1e holder was made for the sample chamber of the Mbdel 14 Cary

‘~\Spectrophotometer° The apparatus 15 111ustrated schematlcally 1n

 °" ;  F1gure 11 The major features are°' 

‘l'~¥¢v1 The slldlng sample holder allows the sample to be 1nserted gt

7_W1thout opening the chamberaw,f\ f .....

. f,327, The sample is held at 450 w1ih respect to the‘spectrophotom= o
' eter beam and w1th the heam of the exposure lampo (A.quartz.j" 
";w1nd0w transmlts' the llght from the smurce»lnto th@ chamber )
'2‘3.~ The puéh%buttbn lé used to cldse the shutter df the spectro—
 @ photdmeter*when the eprsurenlamp 1s oﬁ thusprotectlng'the

—

:'photodetector, -,. €' » '  '_  o  f o | :

| é4;fwA d1rect readlng hygrometer meésures the relatlve humldlty in

""*”f?ffthe chamber
"”V“ f75;f Dry air 1s fed through th@ gas- SCFUbh@r filled Wlth del@anEd
'ﬁﬁ»water and then.lnto the chambere' A small beak@m is 1nverted

W‘*Q‘over the 1n1et of the chamber to prevent a dlrect alr flaw |

!

f*!y577f' 0Ver the sampl@




fimvisible fﬂms at varmus rela'ﬁ:z.ve humidltles, This data is for |

1n'v1sib1e fﬂ.ms onlyo In other instances the fﬂms were v1sible

AH, sampies wm'a@ d@posi‘t@d @n clean quartz glideg by immeming

f@‘&h@ QM@@ 1n the tln solutlon {1@ ge @f Sn@lz 2H2® and @ 8 m1 @f

ometion bth o dionteod vater ton 1 irute, o axcoss wetr vas
‘.'.‘then removéd Jfrom.the’ shd@ Wlth ni‘t‘ra‘oﬁg@‘h‘; ‘ Th@ sampléwas‘ Maced in th@
@hamb@fﬁof the spectrophdtom@ter and hem in th@ con‘tralled atm@sphef@ L ek
for 1@ mmutes bef@re the exp@;ui'@ p?@éess. .}{ms- lnltlatedv D‘uring th
-V;@tme’ the absurpti@n Spectmm.of the | film #fés ’x‘n‘éés;ured and th@ relatlve'f-' o
”fl'_,_humldlty ‘and Atempevrature :m the“chamber »wer‘e ‘r@ééb}rded After th@ 1.0
minﬁé interval th@ op'tmai densrty 6f the fﬂmwaé measured at 2 5@@ E FER
and th@n the. peni of .the spectrophbtometér .was tufned .off and the shu‘tter

closeo} The sample was then exposed 'ﬂ:o the hght from 'the mercury lamp

//

. variatlon of 1n‘ten51ty‘ dumng wa.z‘*nmwup.a A sheet of black paper was used RN
- as 3 ménual shutter far the snurce ) After thls, the shut'ter af ‘ﬁ:he
‘:7' ,Spectrophotomete? was opened and the recmrder pen actlva‘ted 't@ measure

".',-'the ontlcal denszrty of the fllm after expmsurea . Th@ albmre sequence was
f*_"‘exposure tlmeo ' All Of the op'ﬂ:lcal densm.tles rep@rted are :fm? the fﬂm
'b@am am'angemen't in Whlch 'the standard was a clean quartz S]_m@o_ The

m_.____zfero absarptlon basehne was establlshed m.th_ a Clean .Sliderin- thé. sample o

pr@sn-mno .

Table 6 llsts the optlcal densnty and total exposure times for

for a flxed tz.mee‘ (The lamp was on a't aM tlmes to ellmm.ate the : ﬂ

r@pea'ted several 'ﬂ:lmes to ob‘taln the aptlcal densrty as a functlon of

v’@mly The absarp‘tlon due 'to the quartz was ehmlnated by us:ﬂ.ng a double .




‘,'B ‘.Effect ef a NitrﬁgenFiushed Atmdmghere
o Td galn some 1n51ght 1nt@ the mechanism of thephotoreactﬁon,{”ﬁv“'Mi
‘7samp1es Were»éXpose&in a nitrogen.flushedatmosphereo The fl@w rat@'
 f4L@f nitrogen 1nt0 the chamber was 35 S C‘F M and the relatlve humidlty.
” ¥ff was contralled by dlverting a portlon of the gas through the gas e
.ff:§r “‘ nscrubber fllled'WIth d@lOﬂlZ@d Watere‘ The tlme t@ halfmexp@suré.is
"‘ fll1stéd in Tablé 7.55 a functldnlof hmw long the sample Was held in 'i:hei~
_"atmospherebefore éxposuré and the relatlve humldlty of th@ atm@%phereo

fngaln, the data are for 1nv151ble fllms Only " :,   A,#ﬁm,_ﬁ,‘,mm.
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"°e¥; AiM_U1travi01et Abeerptlon of Unknewn . _-*,-?'e'_lx"e-"~e4',*='

; ;fe depee1ted and after exposure ” First the true abeorptlen epectrum of |
'”'  X'w111 deflne the llmlts of the’aefloh epectrum of the photeehemleai |
‘  ’e ff{g.j0x1dat¢en of the sebstanee, Thls ie based on the GrotthueeDraper Lew
;t15¥f which etetes thet eaaaenly eadlatlons whlch‘are absorbed by the reactingl"‘ﬁ
ﬁ“"systems can result 1n-a ﬁhoﬁoehemlcel reaetlon.'zO Secondly, the ‘
}»,abeorptlonAspectrumcan be cempafed‘w1th those»of known fllms to
: ass1st1n establlshlng the 1dent1fy of the‘unknown : . .
: ':'»A@etermlnetlon of the teue ebsorptlon spectrum ef X is cemp11~ ey

""*Qacated’by tWo'faCtOPS.’ It is dlfflcult to prepere a pure tln(II)

‘  'ff'w1th large quantltlee of X (v151b1e fllme) glve optleal den31ty spectra

  ffan enalyels ef the abserptlon spectra of the fllm'when freehly B

| 'eompound due to ox1datlon in alr and the dlffuse reflectance of samples  ;
ﬁ};whlch 1nelude the effecte of both absorbanee and reflectanee
'f{leethe ebsorptlon ef an exposed eample is negllglble for wavelengthe,

»e greeter than 3 200 E "~ The prev1ously derlved relatlonshlp for the f_ :fv?4

‘Ee,koptleal densxty of the fllm stetes that

t17”~.'r
ANALYSIS OF EXPEREMENTAL RESULTS o

AT S T N

"I‘ _Characterizetlon of Unknown |

There ere twe 1mportant pleees of 1nformetlon to be ohtelned by e' 

The optlcel denszty of the f11m shown in Flgure 1 1ndlcates that |
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The fact*that the cptical denelty decreases upcn expeeure indicatee

that the mclar abeerptlon ceefflcient of the tlnéﬁi) cempeund Kg

lS gceeter than_the mclar abecrptlen ccefficlent fcr the tln(IV)

cemp@una; Ké ‘ Alsg, Kﬁ ls at least negllglble fer wavelengths gr@aterffff“”*“mi

than 3 ZOO'A 51nce the abserptlcn cf the expeeed sample ie zero 1n
'i'  thle reglon,. (It ehould be ncted that thls result dces nct depend cn
f;fcf;_fff'fffe}e the complete cx1dat10n of X)

e‘ The abcve result 1mp11es that any abserptlcn for WavelengthS’ ;.‘_

greater than 3 200 A is due entlrely to X The unexpeeed fllm does

not shew apprec1ab1e absorptlon above 3,600 g and thus X does not

afjﬁff~;5f[[{c appreclably absorb llght for wavelengths greater than 3 600 A

;:’;‘ The above analy31s applled tovan 1nv151ble fllm » An unexposed’
4v151b1e fllm has an optlcai denelty epectrum whlch 1s llnear frcm‘é OOO ".fﬁ
32 :3;*-?f1f’:*,A to about 3 600 A (Flgure 2). For wavelengths less than 3 600.&
L the cptlcal denemty 1ncreasee 1n a‘mahner qulte sxmllar to 1nv151ble
5 fllme‘before exposure‘ The dlfference between the th types of fllme
yef‘;';' ". can»be expiained by attrlbuclng the 11near pertlcn of the spectrum‘ '
| ‘j' ."‘for the v151ble fllm tc a dlffuse.reflectance (Flgure 3) father than tc.
i"]"e'e‘:-true abeeeptlon This glves.very close aéceement between.the true’  v
e i absorptlon spectca ef the tWo types of fllms f Slm11ar1y, the |

i:]:  dlfferences between the optlcal d@nSltleS fcr exposed v1s1b1e and

. T S R . . e
PRSP . . \\ - . e e PPN
P -

1nv1elble fllms can be accounted fer by the reflectance of the v151b1e

'I—_,fllms The llnear pcrtlon of the cptlcal deHSLty spectrum for expcsed

";'1 v151b1e L&lms extends from 4 000 tc abcut 3 000 A and then the cptlcal

dens1ty 1ncreases in a manner qulte elm11ar to the exposed 1nv151b1e c:7."f:;’*"




“‘ 5~f1'B Ultrav1olet Absorption of @ther Compounds

’“ 1tw0 respectsa‘ The spectra are 51m11ar 1n shape and the known com-f"°* 

‘ %W*The ultrav101et thlcal den51ty ef hydmous tln(II} ox1de

,»“ %;5;~(F1gure 4) 1s 51m11ar to th&t oi a v131ble fllm.of x (Flgur@ 2) ln

'”ijf¢; ;5;pound shows a decrease 1n absorptlon upon expasure t@ ultrav1olet
;e llght as does the unknown In the reflectance reglon of th@ SPQCtrav'  
?  V both V151b1e fllms of the unknowm and hydrous tln(II) ox1de show an

'i  ;1ncrease in réflectance upon exposure@ Thls efoCt may be due to 2

¢’
e

‘””'7f 3phot0chem1cal reaetlone"

The prlmary reason for determmnlng the absorptlon of a fllm de=

 @f7”5i Pos1ted frnm a stannous sulfate solutlon is to clarlfy the role that

’”*change in the refractlve 1ndex of the scatterlng partlcles durlng the'«77 7‘

-   f f the chlorlde ion plays in the absorptlon and photochemlcal processes,,>,~;wv""”

"rvi*,The OPtlca,l dlens:l.ty of thls type of fllm QFlgure 5) is very Slmllar w

”“"  fffto tha+ observed for the unknowm beiare and after exposure° 

It is qulte 11ke1y that the product of the photo=ox1datlon of X

'“"'7k _1s hydmous Sn@z | A.comparlson of Flgqpe 6 and the Optlcal den51ty
~l““ lcurves for the unknown after exposure (Flgures 1 and 2) reveals that

d ”U,-they are 81m11are‘?_ L

"““iﬁt  C.»‘X=r&y Diffraction  1~~ 

The absence of x=ray dlffractlon peaks attrlbutable to fllms of

L :“ff ;the unknown on qu&rtz is probably due to three facturs,'l e., dlffuse

»2$ .»,scatter1ng by the substrate the small partlcle size Of X and the_*

,:,_€  small amount Of )¢ present




Th@ diffracti@n patterns f@r th@ pr@cipitat@s f@im@d by incr@asimg .

'   th@ pH @f a stann@us chlorid@ dihydrat@ 8@luti@n (Table 1} @r a

- } ;7stannous sulfate salution (Table 2) agree cl@gely With th@ pattern. : ; H

| *-ff lif@r hydr@us tin(ll) oxide (5Sn0 ZH O) 'Ekp@sur@.timeg-Qf*ﬁ_houfs3g-ff”

. . - - N v N e . . .
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AWVWTW@E@ required t@ @btain all of the diffractlon llneso-}f:  '“

" '*f f‘ }D°'xXéray~FluorescenceiﬁnaLXSis»"
"."The amounts Of tin and chlorine deposited on a quartz substrate

'5 ;7 vary can31derab1y (Table 3) dependlng on. the r1n51néwmethod H@weVer,

:ftwe p@lnts are clear the amount of chlarlne deposi,ed is heavxly :

" ”   f dependent on the volume of rlnse water used and alsO, for th@ rinsing -

A"method generally used (overflcw bath with a fl@w rate of 800 to LZOO . °
| \m1° Of_deienlzed Water per mlnute)sthenumb@r'omeIGSof'Chlorine"

dépQSitedisan order ofmagnitude1ess_thanthenumber of holes’of'_‘
v "tin.deposited | L . - .

| ﬂ If 1t 19 assumed that the compound dep051ted 1s SSnO ZHQO

' examined by xérayxfluOEQSCencé is 2. 42 cm.2 and the den515y Of hydr@us

‘A'hlitinQEI){GXidelz is 4.71 ga/cm,3; The estlmated ‘£ilm thickness for vj;;

. r-

~_Sample No. 2 (Table 3) isfthgs';

B - 593.5 g. Sn/mole 3

0t = 1@1“§

ipan WONH




""”*¥7  .mission e1ectron'miCrbgraph shown im'Figure 9 ShQWS partileSOrf"'"”‘”‘””w ]

~ state should be considered, Samples for the electron midroscope
Werepfep&red dm a carbmﬁ substrate thaﬁ ié suppbrted iﬁNé’cdﬁpéfu'gaw ; f’ B
   _ grid The.effects‘of thls sﬁbstfaﬁé“as oppoéed to a.cleaﬁ q@értz

fsllde can'bé.of twotypeso»‘Firsﬁ,thecoppefméyhave@éh@M1c@1"

au;  'effectvon Xfand seCondly'the-surfacé;éﬁergyKOf the carb0n~méy have ‘  SR

 any free Water on the surface is evaparated and the unknown ls pro=. .

21

. E. Electron Microscopy and Diffraction = -

| Before attempting to use the data obtained with the electron

7  an effect on the partlcle 51ze shape and dlstrlbutlom of X that is f],"f 
,,{;different from that of quartz, ..... Another factor that is probably 51g-'i1"'

ff  n1f1camt 15 th&t the sample is examlned in a hlgh vacuum and thus

: fvbab1y dehydrated due to beam heatlng ~For these,reasons};theqcharaCff; “ ”“*'

: '[ ter1st1cs.o£'X aS'revealedﬂby the_glectron'miCEOScope'may be con=

- is in an ambient emviromment on a quartz substrate.

ﬁ'"“-(;agiderably differe@t;than~the;samégéh&féCtEfiStics Whenftheféompound‘j;fﬂé*,;é?-'

I o R N
A better understanding of the'electron-diffractidn«patterns can =

'“;},bé obtained'if;the'particle‘Size'is,firSt det@Tmin@dA"Th@;ﬁfaﬂsé

<o

’  to the aggregates however the coatlng is reasonably unlform W1th _1

O -

"“*3*f - vo1d areas generally less than l@@@.& in lemgth and 250 A in W1dﬁh

To analyze the effect of partlcle 51ze on th@ dlffractlnm pat-   1ff  7f '“

I"Vteﬁna(asmean particle size of‘150.A;18Va;reasonablegchoiceaf For an

~ ideally collimated momochromatic- beam, the aﬂgles, ©, and © 5 which

---------

71 ggmicf§s¢§pe,[theffactorSfth@tfmay;cau5§ éhangesfim K,ffbm;its;@suglf;;j;ﬁjﬂ;uM,jif;?f?

 aggregates (the dark areas) on carbon (light areas) tha%/range in- »  ff   §f 3 f? £

size from appmm.mately 50 to 25@ Ao Them 1sno apparét morp;hologyf et
Ry R o | v




'* ffo dlff acti@n angle @ ar@ giV@n by

”1‘"“r5$fff and dlfferentlatlng (7) Wlth PGSPQCt to d glves

'  '“~ffj f}c0rr@5p0nd t@ compleﬁe destructxve 1nterference for a particular

‘ ,°”fffwher@ t 1s th@ particle 31ze measured perpendleular tQ th@ 1ncidenti

'Mf“'  fbeam,. The dlffractlon angle 8 15 glven by21 ‘V"”' 

: | ﬁbé == _ A - é a AJ o ! (8) )

SN S

”””ﬁfﬂffif{}éiﬁ¢e e'é1O Replaclng dlfferentlals by flnlte 1ncrements 1n

f_\ap-@r

.7‘1"x_%'t'(e-eéi‘ﬁhfééj“'“ﬁ.°'4 ,

-.5d.éf,2d‘l}v*j r'.~'(9)f1

s

’“:d 3 oo A and t = 150 A, the expected range of observed dmspacing 13 .fff7?7”f”'"'

i  23mA e

‘y" Wheré." Bd is the range of d—spa01ngs that would be observed for a.jf.g*-3“~9“‘

TN partlcular d=spa01ng under 1dea1 condltlons As an @xample, far W““M*v@;;,@@@#wf“w

“15 fThus; cdnsiderabie;line*bruadehing dﬁe to paﬁﬁicle,SiZQ can be éXpectéd;f,]f  o




| o

mh@ @1@ctr@n difﬁracti@n patt@rn @f th@ unkn@wn aft@r @xp@gura t@ ff, f7,;f}w

'°'ﬂffu1ﬁravi@l@t light (Tabla 5) is illugtrat@d 1n Figur@ 14 {a) Q‘;'fj%foﬁQ ﬂ >f  ﬂ
"'ffFigur@ 14 (b) th@ @1ght m@st int@nSQ lin@s @f Snﬂz ar@ shﬁwn f@r.g'j_ 7f§*ff7} %

'*' i_, 1“ic©mparison, Th@ str@ng'gimilarity between th@ tW@ patt@rns is "5:" 1;‘j“#
P “appéﬁén+ lf lin@ broad@ning du@ t@ particle size is tak@n intoﬁ” ' ‘
';‘_"consid@ratlona The @nly dissimllarity is that th@ Sn@z patt@rn has a S

‘w if*ff  1ine at 2.37 A aﬁd a corresponding band 15 n@t sh@wn for th@ unknawn 5 "'°$

 9 after @xp@sur@, Th@r@ are two factors that acc@unt f@r thls appar@nt

” ”*5f fd1fferenc@° Flrst the int@grated inten51ty of thzs band is @ercted ’.ﬁ

to be 1@88 than th@ Oth@r fOHI" bands (Figur@ 14 (b)) and th@f@f@f’@

f'<'5fff  fit is dlfflcult to observeo, SecondIY, the carbon substrate exhablts j  ’AfEf f

. a broad dlffracti@n band centered at 2. 18‘3 Which adversely affects  ﬁfjj f    

M" ‘,if  athe fllm contrast and makes it dlffi@Ult to observe a weak band 1n .7};i e

l'¢;i?f. fth1s.r@g10n°. With th@se pr@blems in mlnd, 1t is reasonable to conclude'g;;f  f§1$’(
:*ﬁ } 7;  that the comp@und is Sn@z The particle size can be estlmated with

”"fof }f}equat1on (9) and the @bserved rang@ of dmspaclngs for @ach band (Tabl@ 5).

‘”"7°i 3f  Such a calculation (Table 8), gives partlcle sizes in the range of 50 to vf f7  

The electron dlffraction pattern (Table 4) of the unknown before

”h"'5;;'exposure is illustrat@d in Flgure 15 (a) and th@ nin@ most intense lines
,__  . 0f Sn023 are Shawn 1nIF1gure 15 (b) for comparisan Th@ @Xtremely br@@d
“ 'band b@t@@@n 2 61 and 3. 58 it cannot be attributed t@ pur@ Sn@ @V@n'wh@n

ﬁf;ﬁf,}jf;3 n[  ]11ne braadenlng is considereda H@wever, a m1xture of Sn0 and Snﬂg_'},«~=

o (Flgure Lﬁ) wauld produce this wide band, Thls 1mp11es that the

 ”iff stann@us c@mp@und is partially oxidized durlng sampl@ preparati@n,} ;;§fiff]f 




,_'i    A' ‘Th@ Eff@@t.@f_ﬁelgtiV@ Humidity

i .»"r:tghtj e

- _.,,;._-; e

, , ‘Photochemical‘ﬂaacti@n}

Th@ r@acti@n rat@ wag meagur@d f@r dlff@rent r@lative hmmiditi@sf:*+:"x

‘*71 7*by m@asurlng th@ Optical density @f invisibl@ films as a function @f ; ?~*f*“’“

“f fthe @ptical density r@ach@s a canstant value and furth@r exp@sur@ LR
NH' “°.,,caussgﬁno-noticeable,decrease, A g@@d fit t@ th@ data is of the

form

______

D(t) A + Be t/fl;._A*~‘”‘(1@)

’ﬁ27 théfé'D(t) is”the optical d@nSIty and.A and B afeconstants illué~   }‘
”‘.% ;trated by Figure 12 (a). ' The same data isPlOtt@d@nalogarlthmlc4"
7€i1;  T scale 1n Flgure 12 (b) as D(t)F'A'verSﬁé t0ta1 éxﬁoéﬁfe time;.fThéA':

'v\‘plotsclearly illustrate the @Xponentlalﬁﬁecrease of bptlcal den51ty“.

 with exposure time. By combining @Quatmg ) and (10).

| ln (10)

"“5;; 5fSincé A is»aACGAStant_ 1t is equal to the constant portlan on the

,< A = -4 T SRR
SR TTET) J

3 "5ff31 andfequa§ing’thé;tragSient‘terms gives “:d::’:7'

gt/ ‘ = sz; sz B \
= | ln(IOE |

It is»_. thus | Seen that ,th@; MO]]-@S Qf ".ti_n(EI) | @Oméﬁou'nd?presem .j'i_s o

3“”“f  :prop@Tti6ﬁé1 t@‘the“trgngient,portidh;Qf the'@ptical density.

.’“ fwt@ta1 @KPGSUF@ time (Table 6} Aft@rﬁseveralomlnuteg ofiexp@sur@,}.7lﬂfsf<«é*wLFiﬁ

-"7}13 (12)ffg§fj¥t*tv"\'

\"?}(13) ;“”%7w'\




L '   ?};:»';'.:Dmferentiatlon @f (13) giveg

SR 'elsewhere, B O TR I

L]

o g "ﬁt/f - Kz - K@ dmz{r S
T 1n(1@) Wt e

Sl gl B e L Qe e e

o f;:f.‘;"indm,ating' that the mac‘tion is ﬁ.rst @rder in mzo
Th@ timewconstant ‘.7" ; @f the r@act ion is dependent on 'the < de

. .-f-'ire}'lative~ humidity. The time r_eequired for the number of molegs ofX

todecreaseatoone=halfoffhe;initialvaiue is.,7.

.....

{‘_thich corresponds to D(t) -v;A equal to oné—half of its initial vaﬂ.ue,‘vg
:.Iri Flgure 13 th@ ‘n‘:lme to half=expasur@ is pldtted‘ versus the‘ zf'elmtlvé o
",'humldlty“of“ the--air in. which 'thve- s ample was %ez?:pogséda Also sh@wn-- are L
a .best ILlne fi‘t (Obgtalﬁed byhnear regressi@n) and 90% confldené@

| 1n‘terva1s 'for 1nd1v1dua1 ,, po:n..nts., - The nuH. hypoth@s:‘ls ‘tha‘t t is o

©.,5 .

j   j'i ';'v"1ndependen‘t of relatlve humldity can be reJected at th@ 0. 001
'_j?confldence level (T = -20. o with 6 d@grees m‘f fre@dom) The @oefficient
,or correla‘tmn (==@ 9932) mdica‘tes 'that ‘the f:n.t to ‘the experimental ,

"'"'il~""'-’,i.-",data is quite goad The -resultmgf‘ rela‘twnshl‘p .ISJ

. . e e : P UOPRPOR I
s i e e . e et B N .

‘ t 1 ' = 7.4 - 00084 X (Re]-a HUM¢) : T
-‘o.5_' R tii min.f'_ -

It should be noted that the relationship apph.es in the range over which

o -th@ data Were taken (27% to 79% relative humidity) and may not be valid




“F!{;fe¢oxygen in the nltrogen fluehed atmosphere.

 [53 Th@ EfoCﬁ Of a Niﬁ gen Fluehed Atmoephere "

L then 1n alr,A

.=
o Nt
g e ‘

: e " Dl Ca o o . . ) . | .
. : . - s . o - , . - . {

When en 1nv1eib1e fllm of Xiwee expeeed 1n a chemher fluehed wjth

”7;':n1trogen (35 S C F&M ) the photochemlcel reeetion rate wae mueh leeee

Fer eamplee that were held in the nltrogen atmesphere -:

°‘Tfee;_f@r 17 mlna befere expoeure, the tlme to half“eXDOSU?@ renged ff@m 17 g

S mlna at 13% reletlve hum1d1ty te 8 1 mlne et 61% (Teble 7) | The

 -t1me te halfeexposure 1n alr at 61% relatlve humldlty wae 2 '3 mlna“'

”-funetlon of the partlal pressure of axygen and that a reactlon ef thef_ 

”#y”fitYpe
-‘ e6¢éurS°E: _‘

‘  ?to exposure also has an effect on the reactlen rate (Table . Th@_e‘ i.
' 7~ft1me to half=exposure 1ncreased w1th held tlme at a constant reletive

 fehum1d1ty

efslowly remeved frem the fllm due to the low partlal preseure of

Thls dlfference lndlcatee that the reectlon rate le a ,

c\

”hyy

'f The time"fhatﬂthe sample is held 1n the nltrogen atmosphere prler

T

E . ,f.,
s ~ - » N o G e -
| T e T
. R [ . o
s L - " A _»;s;_.‘\ ; N . .
e - s e
AR S “\".‘\‘“‘wnw\._
R R - . . B : -
b . oy ’ 0
i - :
! L

Thls 1ndlcates that oxygen (edsorbed and/or dleeelved) was'M“ 




. S : -

S ":,"-,'Nmmemms

an ‘rinsing inan,overfldw bath of dei@ﬂizedfwafef~and;then remev1ng

'excess wateror X~ray fluorescence ana1y51s 1ndlcates that apprexxmately

"Q7yeAf4 ﬁage/cmoz of tln 1s dep081ted and that the molar_ratlo ef tln te

“”quef_ehlerlne is greater than 9 to 1

........

'*”5“ﬁff‘e{'5ﬁd stannicoxide(Sn02>4With.PaftiCIQSizes ranging.fro@ apprexzmately

T | o B | |
-j,SQ to 150 A The eleetron dlffractlon pattern of the fllm after

"”g exposure to ultraV101et llght 1ndleates that it consmsts of stannlc_'_ e°aMf  L  '

'7‘0x1de (Sn@ ) Beam heatlng and the hlgh vacuum 1n'whleh the samples '

i~were exam1ned prebably caused drylng and dehydratlono'”‘
T The ahove results 1ndlcate that the photosens1t1ve tln(II)

’”'; compound is a hydrated tanII) ox:n.de° Gther qualltatlve data that

";,ysupport thls result are




“A‘.,‘;that uS@d.ﬁd pr@du@e ﬁhé unknownol The resulting fllm @Khibitsﬁ
| ‘57 ,ultfav1olet optlcal demsatyvspeﬁtrﬂ V@EW szmllar t@ th@ unknowm bea,  :
‘A* '? ';f0r@ and after exposureeTheséresults sh@w thét chlarlde i@n is.

:J7f5not essentlal t@ pEudU@lmg a ph@t@semgltlm@ fllm }

"’"7f@ Qf Hydrous tIHQEE) 031@@ (55@@ ZHz©) 15 phoﬁosensitlve and its.' f 5i 5 

"ﬂ;ultravxolet optlcal den51ty spectra before and after exposure &E@ ' ; fE  '

”* ?  ?¥7fs1m11&r to VISlble (reflectlve) fllms of th@ unknowm; f

:7913 Ph@tochemlcal Reactlon ST

The fact that the ultraV1olet absorptlom of thefilmdeéreases*,'-“j“{'?
m ﬁﬁ‘ff;jjas the photoch@mlcal reactiOMProc@edégives'ameanSOfmeasurimg'the/‘ f

~""Viiaﬂ; "¢react1onrate°{Enambient conditions the time to ha1f=exPOSureis%"; _-j

pr@ssure of @xyg@n in the atmaspherea Lower reactlon rates are

\”7Af ;observed as the h@ld tlme in the nltrugen atmasphere before ex--‘V-ﬁ'A”‘ ”“A“

J"°f?g7i vp0sure is 1ncreased,1ndlcatlng the gradual remuval of dissolved and/ “ ?;i1}   ;" 
P'¢*5{J:5;,or adsarbed Qxygem from the surfa@e

The exact mecham1sm of the photoreactlon is unknawm however

 i “fﬂi:;three factors have a dlrect effect om ‘the formatlon of an actlvated

'~»r.g;c0mp1ex whlch.results in th@ photochem1ca1‘oxldat1@n ofathe_fihm;

-_;_,ﬁ1 “ Estnmated values of the molar adsorption coeff1c1ents for the tanII) ‘_777?"
B amd tln(IV) comp@umds are calculaﬁed in th@ Appendlx ' ;




1 @ep surface wat@r dissolvgd and/br @dS@rbed @xygem and th@ a@sgrp=

; 1tiom @f ultraV1olet 11ght of emergy greater th&n 79 Kcal /@@1@ (an@w'f; :*7 °
r  i T e e e ]
1engm less thm 3 600. M Sy Chrnii o e e e

The surface Wat@r may be reduced in th@ ph@toreaatlom OE 1t m&y ‘    fffff7
be imvclved 1n an 1ntemmed1ate process lm whlch 1t serves szmply as
”ffﬁ   a medium that pEQV1des dlssolved Oxygen at the rea@tlon siteo_‘ “
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TranqmiS$ionwElectron Micrograph of the

Unknown (dark areas) on a Carbon Substrate
 (light areas) Before Exposure.

FIGURE 9,




FIGURE 10, Transmission Electron Micrograph of
| the Unknown on Carbon after 2 Minute
. Exposure with Ultraviolet Light.
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ln(lO)
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