
I / ,.o—.t o’ee 463 BROWN UNIV PROVIDENCE R ~ ~~ C~~MISTRY F/6 7;2 
-

PREPARATION AND PHOTOCLECTROLYTIC BEHAVIOR OF tHE SYSTEMS WO(3—CTC (U)
NOV 77 C £ DERRINGTON. W S GOCEK. C A CASTRO N0001*—77—C—O387

UNCLASSIFIED NL
r~~ i

604646

I

- j



10 jj
~
j 2s II}II~

__________ .~ o l~3l5 2 2
I.. 

~~~

II II 1 1 
~ ~ 

OII~°
______ 

L L

0 “~11III 125 ~~~~
NATIONAL BUREAU OF STAN~~RDS

NSCPOCOPV NCSOLU 1ION itSi CK*RT



— 

0

~~ 
5

S E C U R I T Y  SS IFICAT IOP. I OF THIS  P A Z : . i Oe ..
- . .  - — R E A D  !NSTRUC T!ONSREPORT DOCUMVN .~ nO ~ A~~- BEF ORE COMPLETING FORM

I REPORT N U M B E R  / - 
. U~~~i’~~ I~O. 3. C I P I E s T S C A T A L O G  NUMBER

2 . I_ _ _ _ _ _ _

~~~~~~~~ I Ti ILE (and SpbtI t Ie) 7 5 1 Y PE OF R E P O R T  & PERIOD C OV E R E D

~~~~~~~~ 

.— —- / — --.---- . - I -—— . -—I ~ Technical
‘~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ OF THE E 6/1/77 - 10/31/77

~~ i ) SY STEMS ~~~~~~~~~~~~~ AllD(~ O3~ __ .  ./ 6 PERFO R MIN G OR G. REPORT NUMBER
I ...—..- .- - —---———— 

£~~ —~~~~~~~~~~~ 
- 

-~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _

A U T H O R ( S )  .~~~ O N T RA C T OR G R A N T  NUM~~~ R(.)

~~~~~~ ~~c. E.fDerrington , W T 7 ~~~~ek , E. A~~~~~stro ~~~~~ __
N~Ø~ 14- 77

9. PE R F O R M I N G  O R G A N I Z A T I ON N A M E  AND A C O R E S S  IC. P R O G R A M  ELEMENT , PROJECT , T A SK

Department of Chemi~ tr’, / AR EA A WORK UNIT  NUMBERS

Brown University INVESTI GATOR : VAar0n Wold NP 359 653
Providence, RI 02012

I I .  C O N T R O L L I N G  OFFICE N A M E  AND A D D R E S S  2. REPORT D A T E
Dr. David Nelson , Code 472 11/10/77
Office of Naval !~esearch 3 NUMB ER O F P A G E S

Department of the Navy , Arlington , VA 22217 18
IA . M O N IT O R I  A c c M .L~~ A ME & A Q~~RZ$.~~ LL thllatanL. ing UIhc~~) IS.  SEC URITY  CLASS.  (of fbI. repor t )

/ rF7~Cb,~ CJ 1 ~~~~~~~~~~ ~~~~

— 3£ ~9 ~ 9 9 ISa . D E C L A S S I F I C A T I O N  D O W N G R A D I N G

IS. T R I9UT IO N S T A T E M E N T  ‘.~V (hI, Rep~ rt i  

,,,, j~~ ~
Aonroved for public release: Distribution Unlimited

17 D I S T R I B U T I O N  S T A T E M E N T  of the ab I act ent~~~~~I~~~~ c k 2  di ll .  m t  from Report)

lB. S U P P L E M E N T A R Y  NOTES

To be published in the Journal of Inorganic Chemistry

IS. K EY W OR DS (Contfn..~e on reve re . aid. If n.c...ary and IdentIf y by block nurrhet)

CD Photoanodes
Tungsten Oxyfluoride
Stable Electrodes

• 
I

I i  20. A~~~~ RA CT (Continue on ,ever•• aId. If n.ce.a.’y and ld.ntlly by Sto c k num ber )

A convenient method of preparthr, compounds in the ~~~~~~~~~~~~~ ~~
~~~~ described .-ind the photoelectrolytic behavior of ~~~~~ and WO~~,4F~ anodes

= has been investigated . It was found that the substitution of small amounts

~~~ 
of fluorine for oxygen in ~O3 does not affect adversely its rhotoelectrolytic
behavior . ~oreover , substituted fluorino increases the stal;ilitv of
electrodes of ~-JO when u~od for the nhotoelectrolvsis of water .

DD I j A N 73 1473 EOITIOl4 OW i NOV~~S IS OBS OLET E ., ‘~7~5” fl’~ II( ~~~~

E C~J R I T ~~ CLA SSIF ICA T ION OF T H IS P A G E  (Wt,.n Oat . jo t .,...)

,. . . ~~ ,.
,
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,
~~

, ~~~~~~~~~~~~~~~~

_ _ _ _ _  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — .— . - ~~~~~~~~~~~ 



——  

- - 
I

I 
~~~

‘ - :  . r

IpaI~ f U~ ‘ivcI u,.Ut.i~~Dy d SIN k  30 NOIJ.VOI4I SSV ~~O A L I ~~PJ3S

I

L~~~~~~
_________________________

.1cc_i ~~~~~~~ n ’~~Y , I~~’ £ ~ O M’~ C ~)IdI 5~SY ‘~~ ~ t ’, c ’

- . .— --—-.—-. .—.-—-—-~.——- -—-.— ——.—— , -
~~~

-

~
‘— -—.‘ ,—-—- ,— — . ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~



-~ - __. -

• 
- I

C
,

OFFI CE OF NAVAL RESEARCH

Contract No. N00014—77—C—0387

Task No. NR 359—653

TECH NICAL REPORT NO. 2

PREPARATION AND PHOTOELECTROLYTIC BEHAVIOR OF THE

SYSTEMS WO AND WO F3-x 3-x x

by

C. E. Derrington , W. S. Godek , C. A. Castro, and A. Wold

Prepared for Publication

in the

Journal of Inorganic Chemistry

Brown University
Denartment of Chemistry
Providence , ~I 020 12

November , 1077

Reproduction in whole or in part is permitted for any purpose
of the United States Government

Approved for Public Release; Distribution Unlimited .

- _ ~~~-~~~~ .- -~~-~~~~ - ---.~~---- - —- — -



II :~~:~~~ ~~~~~
- ‘

0

PREPARATIO N AND PHO TOELECTROLYTIC BEHAVIOR OF THE

SYSTE !S WO AND VO F3-x 3-x x

C. F . Derri~~ ton , V . S. Godek , C. A.  Castro , and A .  Wold

Contribution fro~i the Department of Chemistry and Division of Fn~ ineering

Brown University , Providence , Rhode Island 02012



_________________________ __

ABSTRACT

A convenient method of -~reoarin~ com~ounds in the system WO F i s- 3-x x
described and the ohotcelectroj.vtic behavior of ~1O and WO~ F anodes- - _ 

~-x j -x x
has been investi~ated . it was found that the substitution of small amounts

of fluorine for oxygen in VO~ does not affect adversely its nhotoelectrolvtic

behavior. Moreover , substituted fluorine increases the stability of electrodes

of W0
3 when used for the ohotoeloctrolysis of water’.
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• IN TR ODUCTION

There has been considerable interest recently in the search for ;t -aole

electrode materials for use in ohotoelectrolvsis. This nrocess is one in

which water is decor.oosed into hydrogen and oxvc~en when -i suitable semiconductor ,

placed in an electrochemical cell , is illuminated with energy greater than

the hand gap, creating electron-hole r.airs:1 Under appropriate conditions ,

these electron-hole pairs can be separated and used as oxidizing and reducing =
2species.

The reguirements of such a stable electrode material are indeed stringent .

The material must be chemically inert and should have a band ~an that

utilizes an ont imum of the solar soectrum (~~i.6 e V ) .  In addition , the

sen~ conductcr r~ust he conduct inc~ and ~ther~ ~iaced in an electrolyte it should

hove sufficient ~an’1 hendin~ to -3eoarate the photo~on2rato~ e .ectrsn-hc e

t’airs. The -)osition of han’~s relative to the e .ectrocheniool ~cale must

~e such that ox idation of 2~ /0 , .~nd reducticn of H~ / !~~ ~~in take ~Thce .

The degree’ of band hendin ~ and the  ~cs it ion of th- ~ birds  ~an he centrollad5 , -

to some degree bv varyin~ the n~ of th~ electrol~’te u~ ed in th~ cell ~ir.d by

the ir’nl ication of an external bidS . It is known that  tha  conduct ivi ty  of such

-~atcrials can be ~i 1tered by chemical substitution or don ing erocedures . Therefo re ,

the  promertios which arc most d i f f i cu l t  te control and , thus , more critical

~1re the r~a n i tude of the band gap and the naterial’s chemical stability .

To date , the only mator 4 als which have been used successfull’i ha’-” been

broad band oxides.3 6  These oxides were made conductive 1w removing small

.srne’int ~~ ef cxv~ r~n. ‘ ince th~’re is s~ me questicn an tr thc ~ long term s tab i l i ty

th.’se defect structures in a h igh ly  oxi iz~n~’ environment it was of

~~~‘r’y~t to are ~ h’~ r” l at ive  stahilLt~ of defect odd .~s to t L c:~o of oxvf luor ides .

— 1 —  
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The use of hi)3 .is a st-ab le electrode in photoclectrolvsis ros been

- . . 9 . - .  
-~re~orteL. ~-v several invest: t-~r s .  outlar , et. al ;-.ave :nc-_ cate~..

that i i, is an n-t’.’ne semiccnd’~cter vith a band -ias of 2.7 &. Eh~~eriments

~erformed with ~in~-lo crystals in a l. C~ sod ium acetate solution :~ cwed

snont3r.eo~i3 ohotocurront (1.0. no osolied bias ) wi t’, no decay in ohotocurrent

or visible deterioration of the electrode surface even after passage of

S
anoroximatel’: 75 coulcnbs/cm ’ . They indicated that en aomreciablo asplied

biaa was necessary before nhotcdeccnoosition of water was observed . nodes,

et. al9 fo~md s~ nilar  results with nolvcrvotalline films of ~03 nre~ared

by either the cxiciaticn of t~m~stcn metal films or tho oeccnnositiom of

amnoni~m tun~ state .  ~ardee and 3ard~’° h ave ~rcoared WC f i lm s by three

different methods. :nlihe f~ocies , ot . al , the ’.’ found ihat t :~e Films :reoared by

the oxidation of the ~ota l  ver a not s tab le  on repe a ted cvclin~ cf t he  eleotrode.

~nFcr t~ n at -~lv , t~~c eloctro-l e surfaces ~:e re ~en blue rat~ er t om . llc’~-~~~ecn.

This color diffcr-2r.c ~ is ino loa tive  of ej t .. - �r r educed or hy drc~ on bronzes

of the ty~ e ~x -)

It was therefore deo!rahle to examine more clcselv t~~ -’ r ho t ce loc t r ol v t ic

‘ ebavior of JO For variou:~. amount s of ;~~. i t  ~as also of i:~zor est  to3 -x

determ ine the effect  on s t ab il i ty  of sub s t i tu t ing  fluorine for oxygen in

~~~ rat h t -’r than creatino defects.

Tungsten oxide wan prerwtred by heating high nurity (O9.9O’\) tungsten

r o il (0.010”) under f l cwim~ oxygen for 2’~ hours at 1000°C. Defect tungsten

exi  ~e t~ilms were ead t ~ h’~’ h” i t i n g  the V03 samples in evacuated sealed silica tubes

~n t~~-~ ~‘resence of f r eshly  rround t i t a n i u m  at temoeratur”s of 100°C to ~~0°C ~or

~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. -- -- - -
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2 to 214 hours

A convenient method for substituting fluorine has been used to synthesize

members of the system ‘JO ~
‘ 
. In this process the freshl ’.’ cxidized ‘JO was

3-x x - 3

placed on a Dure tungsten foil which sits in a tungsten boat. The boat was

then ~laced in one zone of a two zone furnace. t was determined that the

ootimurn temnerature of this reaction zone should be ~5O°C . Potassium biflucride

was olaced in a nickel boat and inserted in the second zone of the furnace.

This none was maintained at 1400°C which was sufficient to allow for a slow

thermal decomoosition of the KHF ,. Variation in the  fluorine content was

achieved by var’:in the teoreratur e of the  reaction zone . hc e nt i r e  reaction

chamoer consist-ed of a nichel tube  with stainless steel fwaoclok fittinos

welded to both ends.

The re-ict on :~~oe w~ s our~ -e -o in i t ia l l’:  w i t h  argon it room temoereture .

After 30 minutes th~ gas f low was Stoonc’: and tne  temoerature of the two

zones “as roised to ct-’erating corditions . ‘ t was found that uniform

samoles were made under these static conditions . After ~4 hours the

reaction tube was removed from the furnace and flushed again with argon un t i l

room temoerature was achieved . Puring the nurgins procedures the argon was

bubbled through a 0’J ~aOH solution . All reactionS were carried cut in a well

ventilated hood .

The crystal structures of all of the samples were determined from powder

x -ray  d i f f r ac t ion  sr-’ect ra u s ing  either •
~ gO or CaO as an in ternal  standard .

The scans were taken w i t h  a Ph i l i p s  ‘Jorelco Dif f r -ac t omcter , using CuKa r adiat ion

1,(l .~~L O ’~A )  - i t  a r at ’ l/ 1~° “fl

~‘es i s t i v i t• ’ -iu rement s were made by ‘tltrisonicall’ •’ soldering indium ~- i o ;

the :.o l ’,or .’s t l l l ioe ~amriles - m u  u t ’ .o t” .
~ standard Fo~ir— -’rohe van ~er !“-iuw

-~o t i c m l  hand sat, measurements  wer e made Lv making Y~r w i n d o w s

- k . _ .-e.e - ____________________ —-  -— - — — - - - -  ——‘ — - 
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which contained finely -‘rour.d oxide or oxvfluoridc int imately mixes and the

abscrotion snectra were taken or. a Carv i~ smectronhotometer .

Photoelectrol’,’tic measurements were made by f i r s t  solderinc- an oxide or

oxyflucride satanic to a Pt wire which was sealed in a pyrex tube. All but the

face of the f ilm was then coated with an electrically insulation resin

(‘~iccrcsto~~, ichinan Chrome and Chem . Co.). The electrode was then placed

in a silica cell which was f i l led with 0 .2’~ sodiuci acetate. it niatinized

Pt foil with ap~ rcxinately 5 times t : O  -ecoetrical surface area of the oxide

and oxvfluoride films was used as the counter electrode. The electrodes were

illuminated by either the ful l  out -ut of a l30-T Xer.on iamr or the output of

~ :-~odel 7155 monoobromator (Criel Ccrr cr at ior ~) .  Absolute  light in tens i ty

measurements were made using a P’~~eeiec:ric 7ad iometer (:~odel ‘K 3t4U0 , Laser

Precisicn Ccro .) .  The current vs wavelar ,sth curves were corrected for

ir.t -ensi:v va~’j ations by r,orma l iz inc-  the ocectral outnut of the laos -mono-

chromator ovot on to ~4O on an.:: u s i s— th e re sul t ing ‘i-alues to correct the
I

measured shorocurr-ents. ~“.ll measur  :m~’ots were made wi th  the electrolyte

in ecuilibriun with air.

gtChjlj~ 7 against rooxidatien was determined Lv hea ting  the films in a

stream of flowing oxygen at a rate of 100°C/br to 1000°C and the weight change

monitored with a Cahn ~lectroba 1ancc.

Anal’isis for f luorine in the ‘JO F sannles was made by dissolving at-rnroxi-- 3-x :<
mately 0.2r of the samples in o :i ~1aO!I , adlu st ior  the n-il to 5.5 with a sod ium

acetate /acetic ac id bu f f er  and mr ’asurins the f luoride ion concentration using

a fluorine specific electrod e (~~odcl ~~~~~~~ Orion ~esearch , Inc.). ~‘: the use of

-~~ ~oe c i f ~ c elect rode , ion conc ent r at i on s  o~ 2l~ ~g . /1it tor  could I:e determined

w i t h  r ec -r o&ici~ i lit v  of ~ 2’ . Prom the  w e i r ht  of t he  samnies ml’~ze~ the

- .‘ i~~u~ of x in t~:e ~‘O P sac-c-los can ho recorted w i t h  an accuracy ecuiva lent  to3-x x -

4. l ) r ’ 5 ’)

____ -. - _ ___________- -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  - - -
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RESULTS AND DISCUSSION

1. Cr~’stal1ogranhv

There have been conflicting reports concerning the structure of pure

~.io~.
13 10 It was found that ‘J03 

prenared by oxidizing completely tungsten

foil could best be indexed on a triclinic system similar to the one reported

by Roth and Waring .16 It transforms to a monoclinic phase upon the removal

of small amounts of oxygen 17 or the addition of small amounts of hydrogen

or sodium)9

Whereas the system ‘J03 x  (0< x~ l)  is moncclinic throughout the entire

range •
17 the system ‘JO3~~~ (0~x~l) undergces the fo1lowin~ transitions:

10 03
triclinic monoclinic — orthorhcmbic -

~ tetragonal cubic . ‘ The

structural properties of the W03,< F. prenared in this study are summarized

in Table I. it can he seen that the structure remains -triclinic for very snail

(x~C.0079) COOUn.tO of substituted fluorine in the system ‘J03-x~ < ’ 
When the

amount of subst itu ted  f luorin e  is x=-t .3177 the  structure has undcr~one the

tr -to3it~ cn to th e nonoclinic ohase ar .s when x~0. 0563 tee result ing phase

is orthcrhomwic. These are conSistent with results of :revious investigators .

2.  ~esis t iv c ty -and ~n t ica l  Pro’-’ert ies

The r e s i s t iv i ty  of the pure ‘JO3 sam nles were I etw ’en 10 0 and c~—cm .

The r o c i st iv i t i o s  of the  WO . ‘;amnles ranged between i.2x10
4 

d-cm — 7x lO~~ ~~cm
3-x

and the  resistivit~cs of th~ t;o F’ samoles rmneed between 1I ~~0 d-cni — S f2—cra .
3-x x -

Alisorc-tion ncasuremente indicated that the hand gap of ~~~ and all ‘JO3 x rx

~amo1~ s was .‘• ~ ‘ . +‘V . Tb is consistent i it h  rm ”~’ ic~:s inv ’~s ti g at  ions . ‘ ‘

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~



3. Photcelectrolvtic_Proc-erties

In Fi~ure 1 are niotted the ohotocurrents vs ac-c- l ied volta~ e ( . i~~ reference)

for severa l ‘JO samnles. ~!easurements were made wi th  the electrolyte in3-x - -

eeujlibriurn with  air. As can be seen the largest ohctscurrent is reached

for the ‘J03—x samnle hav ing tee lowest resistance , with  the photocurren ts

of the remaining samples decreasing as the resistance i~ :reases. These

results are consistent with the only effect  t -ein a change ira the  overall

cell resistance .

The ohotocurrents for two triclinic samc-les of WO F are soown. vs.
- 3-x x

apolied b ias in Figure 2, the measurements being made w i t h  the electrolyte

in equilibrium with air. Although rhotocurrents were observed for all c-f

the tungsten ox~’fluor ides studied ,che moracclinic and or t ecrh cc-o-ic compositions

(x~0.0177) show more ccnplex l’ehzwicr .

The spectral r esoonse of the -~I~~~P .~Oflc- lC5 shown in Fioure 3 were obtained

vita an apnlicd bias of -3. V . The oho tocur men t s  n io t ted  here  were normalized

for clarity h-v taking t he  ratio of th~ ehotocurront at -a siven :-:aveiengtc- . to

th e  maximum rhotocurr erit owt Tn r .od ( i . e .  at I4(~3 n n ) .  The actual shotocurrents
I

at ‘~00 ram are for x 0.0079 1 l6.06pA/ cm ’ and for x 0.00 83 I~ 6.07 uA/c m .

The color s of the materials varied from -a l ight grr~en fo r the  x~ 3.00 72 5Oflc-iC

to darker  green for the x~ O .0’cS3 nanc - lo

4. Ctabilit’p

f i t ah i l i ty  of th e  I : h , m d  P ~a : l~~
;;; is inv”~ tLeatod by three3— x x

“recedures :  f l t  m: ~~l i t ’.’ ~~ a i n u t  reox idat ~ on , : tahil itv  iga~ nst lt’ ,~~ro1vsis or

~o~~i tion , to-i etal -il itv in a :-orh-in rrell t r r m n — c m e n t . 

- - — -
~~~ 
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Fieur
~ u shows th-~ results of ~i:-e mccxi hation exeerinent :. can he seen

h.at ‘-~ t :~1e • - - , read~ 1’i o iz’~s at ~~ 0 — 3 ~~~°-0 , the  YO~~~~P ~aoc-le was

- t t h L a  t~ ~t C~ ~°fl , i : e- l ; i c -~ en i c -o roe~~~t : eb i l :- ’ — -
~ - -eoxi  :e t i cn .

It is also clear that the toarmal eravireetric sata shown in :ieure 4

indicates that  the comnosition of the  cx~,’flucr ide sanoles orenared in this

study can be reteresented Lv the  fo rmula  h’0 , F . f the cornoositien of the
- -

cond os was of th-e stoichicrsetr” dCL F , then  t h e r e  wou ld have h - ce o a

gain in wei~ht recorded ecuivalent o to— a ‘ialue of x-”. :t can be seen

from Figure u th at  sensiti-:i:’5’ of :1. n-stood is such that values of x

(reoreseratin-~ or. oxygen def io i er .c ’,’) in tao s’:ntom 0C can be dct e~- : ’~ r.ed

woere “alues of x ~re l-~ss tee n 3. t O .

J i c o o u t ico  •~xner~ -’- o n a s  wer e  -es-~ ,;“ ‘~Lt c i n - e  ~~~~~~~

of h’fl -an d h”) P in ‘.2h’ end 0- -o w in t~ coo im t QC~~ ~cr 3 2  curs.

‘i~~ cr - 
~ol c~ -c~-

in a -:or5 ~o-~ coil , with ~~ - - -
~ -~~o:trel-’t-’ in •e~ uilih -riuo w it h

-air , was -d -ete--oira -~ I h ”  ia-s Hg thr ~ ei-’ctr-ede ~o 0. .‘-e ts w i t h  r- ’— -e ec t  to the

-- ldt~~oun ca thode , l l c m i c- at i o c -  t een w i t h  tb- f-aOl o-at~-- i t of a 11-I watt t enon lamo

-in.! nonitorine t he  chan~ cs in c-hotocurrent w i t h  t - - -  - . it was found  that  whi le

tb-s s l i c-h t ly  “educed I ” )  f i lm .; :-‘-l ve stable rhotocurrent s , th€ ’ ~ccre r”duced- 3-x

- ic - c- l’s’; w”~’ los.s at  i~~I o. Tb- ’ no- ;t  reduced s-an:— le (x ~ 0 . ~3) w,is v-~rv uns table

— ; i t h  the  c-h ot ocurr ont h-acreasinr by 30~ cv~r a c-er!-’i of 2 hours . Thi s  is

ee n i s t”r t  - ‘it the r esu l t s  found by ! ar ’!e-e or ~. 7 i r i 10 0 n to-a ot~re r h an d  *

S.,

- ~~“ cI. n —‘ 1 s 0 
~~~~ to ~~

— ur t’ e —‘~/rm ~or
- - — x x

- ‘ n  ~~~~~~~~~~~~~ (‘~7 f l )  cau lne: .; ) . :n - tdd  i t  ec- , tb - -r e v-a ; no i ,:ra ifican t

1 c~w ins rio v -; i l  Ic 0 : - a n -b e  on tb ’ ‘u r - .ace o r t - ~ .‘1-’etrcdca

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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CONCLUSIONS

The ohotoelectrolvtic behavior of ~-h’) , and h’01 F
~ 

has been investigated.

It was found that  substi tuting fluorine for oxygen in ~-T0 3, in small amounts ,

does not a f fec t  adversely the ~hotoelectrol’,tic behavior of ‘J03 hut increases

the stability of the compound when used as an electrode for photoelectrolysis

of water . A safe and easily controlled methc d of c-r emoring ‘~-~‘O~ ~ was
5’.

described .
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FIGUR E CAPTIf-f i S

Figure 1 — ?hotocurrent vs ao’~1ied bias for several h~0 satinles
in O.2N NaC2h1

3
0
2 
(:b 7.3).

Firure 2 - Photocurrerit vs aonlied bias fcr several V3.,
- . ‘ . . 

. ‘.sanoles ~n 0.2 . -I aaC
2
h
3

-32 (p:=7. ~).

Fi~ u~’e 3 — Normalizod Coectral Reor-onse of hO,, P in 0 .h
NaC 2~!302 . Fz crt icai  :-~and ga~ (2.7~~

’-”J.

Fiflure 4 — Stabilit’y against  reoxidaticn fer NO m l  NO
3—x 3—x :<

~n :1o::in ’ cx”gen .
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