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‘The rhotoelectrolvtic behav ior of W0~~~~ and WO3~~E~ has been 
investigated

— and hoth the magnitude of the Bhotocurrents and the relative stability of
the  two comnounds were deternined . It was~found that WO~~~ gives a much
:irher photocurre~It than stoichionetric WO~~. The stihstitu~ ion of f luor ine
f o r  oxygen , rather than the creation of oxygen defects , increases the ‘~ta-
hility of the electrode, There i~ an optimum amount of substituted
fluorine which results in a maximum nhotocurrent.
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Th~ ~hotoc 1ectro1~ t~ c hehav~ or o f W~3_ x lSd o3 _
~~

! .< h i s  t~~en
i r f t~ 7. It r1 and both the sagnitude of the otc~s’~rr”r.~ s
the relative stahLi.~ty of the t~o comnounds were determined .
It was found that ~O 3~~ gives .1 much higher photocurrent
th~ n ~to ich icoetr ic  U03. The substitution of fluorine for
ox ,ren , r a th er  than the creation of ox’.’gen d’~fec.ts , in-
crPr ;n s  the stability of the •‘lectrode. There is an opt~rtm
amount of substituted fluorir.e which results in a rnixi~”u~
photocurrent.
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The use of W03 as a stahle ~1ectrode in -~hotoe1ectro1ysis has
been rerort ’d by several investi~ ators . 8utler , ash/ , and ~u ir .n
(1) hay” indicated that WI)3 is an n—type ceoicond’jctor with a 5and
gao of 2.7 eV . Experiments rerfsr~ed with sinrie crystals indicated
that wher”as there is an incr”ase in the utilizah le solar ener~v
corpared to TIC2, W03 recuired an a~r1ied ~ctential of several
tenths of a volt in solution of r~ < 7 in order to obtain a neasur—
able ~hotosurr”nt . In a l~ scdiu-. ac”t ite solution (pH
a n h c t o c~:rr”r ’.t was observed at zcro b i a s .  All ootent~ a1 ne~~~ renents
were taken ‘is a standard calcnel electrcde . Podos , et a l .  ( 2 )
pre~3!- -o1:crystalline ~~~~~~ ~f 

;:n~ b’: either ~he d”c rositisn
of a roon iun  t :srstate or oxi~ i~~~ ’ of ‘.o st rn  netal fi —s. he
re- u lts of this study ~.~erc ccr. ”ns w ith those reported on s isple
cr’stal s~ —~ los.

}~ardee an i 9ard (3) have sr”rared 103 by three d i f fer’~nt
nethols . Unfortunately , the ir e lectrcde surfaces were dee n blue
ratb”r than yellow or •‘el~ cy-~ rcen. This difference in colnr~~~ion
is indicat lye of the .°x ist~ n ce of either defec t  ccnn ounds  of  t :.e

t”~’e )~~ _~~ or ~vdr o7 .-s 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 

Thcr~f~r’, there ~~“e . s  to
~~~~~~ s~~I. :cs as to the c rposi ios of the materials the” :tudie~~.

It was th’~r’~fc~~” des irih Ic to examine ore closely the ~~ oto—
e lect r :tic behav ior of 

~~ 3- ’<• t w a s  a lso of interest to d’t ” rmise
th” ef fe c t  os st Ih ility of su~~st i t~~t in~ fluorin” for cx~~ on in
rather than the creat ion of de fec t s .  There irp ’ ars to be sc—c
ques t ion is to the lcor-torm stah iliti of dc f ”c t  oxides ~.;der
str -rli ox id  i~~inc ’ conditions.

f ’~~~~~O “~~~,_ ... ~ .r’rles of U~ -~ f i l n s  we re nr ’rar.-d b’: he i t in~
tunrsten F i~~T~t a  stream of oxvg”n it lOO()”C for 24 besrs . t r .der
th e ;e  c ’ ~d it i r n s  fo i ls  of .01)” t h ic kn~~~ we re crnnl~’tr l.’ c’x i~ i:ed .
Defo st Cc~~~~

(55d5 were oht .acned by heatin g, t he WI)3 f~. Irs is ‘~v ’~ u—
•at~~ 1 se il ‘d  nil c i  ~uhos in the presenc~ of t i t an  i sn turr. i
The t i~~~n~ so ~as not in d rect con~~act a ith th” u r n . T his r~~c h—

is dessr i~ ~‘d y D. Sc hicich , et •i~ . ( ‘e ) .  W hen ox”g~’n is
re—eyed f r’ s ~~~ f u ss t he color of t s e  f i l ms ch anges : r o~
to ‘t tr~ green and eventu.all’j to bIac ~’ . The resist iv it ’ .’ of the~.~
f ilms ‘ c r’ i n”s an ,i function of ‘b~~ect concentration . When the
res ist i v i t y  is of th e order of 300 cicm , the 

~
03 x  film s can h e

u;.’d in m odes and the phntocmmrrentn observed by Uardee and !ird
are c o rs i s t ’ r t  w ith tho values obtained from samnli~s w i t h  the ccmpo-
‘;it i cn  ~i01~~~ . The ragn tude of t b ’  photocurrents from such nannIes

s ic h  hi;’nor than those obt ij nf ’ I~ for steichiIsi’t ric .iflc~” 's .

_________ •



It is ir~t”r”’;ting. to note that even if the ccnnour .ds reported ~~i
Har~~’e and Pard were ~y~ rcgo~ br onzes (as indicated by th’ir b u e
cclrr) tse rsotocurrer~ts would be exnectcd to be muon hi,-’ •~r t n  an
those obta ined frcn stoichionetric ~O 3 beca use the res is t i : isn~ of
the bronzes .ou l~ he much reduced. ‘ The nrooerties of UTh narples
obta ined b y var ious inventi,’~atcrs are summar ized in Table I.
Usirw a C,-ih n e ” ”~ r-balan ce and starndar:i T . G . A .  technisu ’s the
value of x was determined to he less than 0.01.

W .~~ .. famnles of . ere nrerared by placing, a ‘?I), fim
on a ~~~~ :un sten strip w nic h was in a tunpster . boat . The boa:
was then introduced into an inconCi tube which was heated a: ~5 ° C
and a ntr”am of ~F was nassed over the samp le. The HF was obtained
h’, the tber sal decomncsition of hif .uoride salts. The creoara:ive
detaIls w il  be publishe d elsewhere . Table 2 summarizes the
prenarative ccnditions , and the prcrerties of the oxyflucrides
obtained. The structural properties as a function of fluorine con-
tent are ~ti’:”n in Table 3. It can he seen that an increase in the
fluorine ccntent results in a chas~-e frcm a nonoclinic to an
orthorhsmhic structure. These results are consistent wi th  rre’:ious
studies by S eir,ht (5) and !~evnoidn and ~oid (6). The fluorine
content was detersained by a specific ion sensitive electrode ~and is
zu-nmarized in Table 4 .

The cell used for the photocurrent measurements is shcwn in
Fi~ urc 1. It is essential that constant stirring, of the electrolyte
around both electrodes be maintained in order to assure stable
photccurrcn t measurerments . The light source was a 150 Watt hi~ h
prensure x”non lamp (>~B0-l50). In Figure 2 a comparison is made
of th~ photocurrents obtained for electrodes containing, vary irn ’,
.ims’in’s of fluorine. The measurenents were made in .a O .2~ sod ium
acet.ate solution (pI! 7.8). It can be seen that there is an
o~~ i—u s value of fluorine simi stitut ion (x .0070) and that hither
vm lu ”s of x resmil s in a decrease in the photocurrent ob tained .
r~ rure 3 cor ’ar”s the photocurrents oht.iincd from ‘;.ampli’h of n t o i —
ch I onetr c ‘~!fl , UI) , ~i~~i UI) F .

3 3-x 3-x z

ri rilly , st.ihii i~ v was ascerti~ ned for ~oth tb ’ 
~
‘03-x ,and

wr),,,j
~ 

electrr !e~; by t’.o methods. The electrodes were heated at
lt0°”/hour from room temperature to 1000°C and the weight ch io~c
w as soni!”re’l dur~nr th is period . ri~~re 4 comp ares the results
cHained for ~~~~~~ 4

~
1
~~_~~ 

(~c 0 .01), ~~~~~~~~~~~~~ .~~4 Wn3.~~r~ (x 0 .0 1).
ore ,i nre.irs to e a ‘~ir~ ed differenc e in the ntahil~ t’: of
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In order to determine if this increased stabiliti could be observed
under the operating conditions of the cell , the various fluorinated
electrodes were onerated for pericds un to 4~ hours at currents of
lra A/cm 2 and weight measurements were mad e to determine the extent of
soluticn of the electrode. There was no significant weight change
of the electrodes , the photocurrent remained stable and there was
no visible change in the electrode surface when viewed with a light
microscope.

C0~~ LT J fT ~~~

The photoe lectrolytic behavior of W03_x and ‘TO
~
_
~~~ 

has been
investigated and the relative stabilit’, of the two compounds was
determined . It was found that V0~~.< (x < 0.01) gives a much higher
photocurrent than stoichiornetric W03. The substitution of fluorine
for ox’,g,en rather than creating ox’gen defects increases the
stability of the electrcde. It can be seen from the data of Fi gure
3, that there is an optimum amount of substituted fluorine (x :0.0079)
which results in a maximum in photocurrent. Increasing the fluorine
content beyond this value results in a decrease in the photocurrent .

This work was supported by the Petroleum Research Fund ,
Washington , D.C., the Office of Naval Research , Arlington , Virginia ,
and the Materials Research Laboratory Program at Brown Un iversity .
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