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THE PHOTOGALVANIC EFFECT
Ly
George Henry Hofmann UCI[1959

e

A thesis presented to the Depariment of Chemlstry
of Union GCollege in partial fulfillment of the require-
ments for the degree of Bachelor of Sclence with a Ma jor

in Chemistry.
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e photogalvanie effect has been studied by relatively
few ppople. Perhsps the largest contribution to the study
of this effect has been by E. Rabinowitch while at Massae
shugetts Institute of Technology and terminated in 1940,

A% this time Rebinowlteh indicated the possibdilities in the
utilization of solar energy by the photogalvanie effect (1),

Presonted here is o study of the effect using a wodified
form of the spparatus used by Rebinowitoh, 4n attenpt is
made at explaining the results obtained, the advantages and
disadvantages of the spparatus used and suggestions m. given
for lmprovement, :

The photogalvanic effect is observed in photosensitive
redox aystems, It is produced in agueous sciutions of re-
versibly reducible dye salts (B*) together with an inorganic
oxldationereduction palr (A74"). e following equilibeium
is esteblisheds g »

&t . ﬁﬁw i+ B
The equilibrium is forced to the right through the photosensie
tive dye molecule (B ") (2) under tho influence of light,
In the dark the equilibrium proceeds to the left,

The photogalvanie effest has bsen studied for its usee

fulness in converting light energy inte electrical anergy.

If the photochemical chenges caused by light energy, which

are trensfers of electrons from one molecule to another, ere
Maphilli®, light enmergy will be stored, The problemw is how

to reverse the process, without wasting the accumulated energy,
This can be done by tho construction of & photogelvanic cell,



e forward Wumam reaction is sasily ocarried out in
the slectrolyte of the cell, The reversed or "dark" resstlon
also proceeds easily in this medium, Foreling the transferring
oleotrons of the dsvk resctlon through sn externsl cirouid

is the main problem, It is known, however, that the back or
derk pesction is not instanteneous (3), 1.¢., the oxidation
and reduction produsts do not immediately retranafer the elece
trons back to original positions, A chance, therefore, is
given to conduct the back resctlon as & galvanic process,

Upon plocing two electrodes into the electrolyte, one be-
ing surrounded by iiluminated electrolyte, though not illumie '
nated itself, the other in the dark (e» may ve a ntm 8lece
trode), the eoxidation and reducilon mdua’u gsome inte contact
with the external eirculs, Electrons are given up to the 0leCe
trode in the illuminssed solution by the reduced or blesched
dye products (mwmmmmmwmmmswmm
trode in the dark solution and thence o the oxidation products
Cﬁ. As the elestrons »un through this eesier path, to thelir
position of stable equillibeium, sloctrical work can be extracted
from this externsl circult,

A specific photogslvanic system of high efflcliency muim
ing e reversibly reducible MA dyestuff (thienine) tegetber
with an inorganic ox idatiohereduction pair (Fe /F0 ) was thove
oughly investigeted by B. Rabinowiteh (4)e



Apparutus

e photosensitive half-0ell consisted of & sintered glass
pyvex filtration funnel whlch was 4 oa deep, It was painted
black with flat black paint to reduse the entrance of spurious
1ight, Two opposing windows were left unpainted, One was
JOom x ,Gom and the other 1.5em X 1,50 § e smaller of the
two allowed the entrance of the 1ight besm and scved as & slib
while the larger perunltted the exit of the beam, The platinum
slootrode was pleced parallel to the incoming boam o minimize

shadows but wes not mmamamwwmmwmmm
m mcwl m'rmu At rx:m m glectrode was pluced above

mmmmmmammmwmmmwm
to the solution (Schums Ay pe 6)e Ihis wes modified, however,
%o Scheme B which Insorporated oxygen free nitrogen ges which
bubbled wp through balf the sintered glass floor of the cell
which was helf covered with collodion, The electrode in Scheme
B was so bont at the buttom that 1t sctually wes below the focal
point of the incoming besm of light, The portion of the sintered
gless bottom Shat was Wncoversd by the collodion was farthest
away fvom the small ontrance window l.9., directly below the exit
window, As the oaygen-ires nitrogen ges was sllowed %o bubble
iR R R g R amm.mmm

reducible dye “ um by iight producing
an electrical potential. (%)
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up through thlds portion of the ocvll, stirring was induced theree
by clroulating the selution so that the reduced dye molecules
would flow down out of the beam of light snd onto the platimum
slostrode, Doth schemss incorporated e seturated K0 calomel
roforonce olectrode which aetod as the unsensitised or dark
olootrode, The bridge contalned an agay gel saturated -wam Kol
The end of the bridge which dlipped into the photossnsitive halfe
coll had a sintered glass tip, This fine guage sintered glass
Junetlon minimised the diffusion of potessium and ohloride lons
into the electrolyte,.

e slectromotive foree was recorded wasing a wWeston Single
Point recorder lodol 6701, type #1, range le10 mv, which was placed
in either of the two oircuits A or B as shown in the disgram on
page e '

Toe source of Lllucination was a 400 watt tungsten filement
lanp bohind whieh & parabollc mirror wes situsted, A shutter
wag placed in front of the soures along with collineting and
condensing lonses, The shutter was used to turn the exoltatlion
boam on and off instead of turning the buld on and off with a
swlitoh, The filament was thereby allowed o warm up to steadye
state before the boam was dlrected into the scolution,

The focal point of the ineowing beam was situsted as close
as possible to the entrance window of the cell, This peruitted
nagisan excltation to take plece sbove the eleotrode before the




intensity of the beam was decreased by absorbtlons ceused during
its pessage through the solution,

Rabinowitohts apparatus was mueh more refined in that he
inoopporated various filters to Limit the wavelength of the
enbering radiastion, e also made colorimetric measurements on
his reaction solution, Rabinowitch's apperatus wes designed
priuarily to collectidata which would ald in onabling him to fore
malate a mechonlsm, detormine veloeity constants and quantum
yields for the phencmencn, The upparatus used here is mainly
devised for a study of the offect using multi-wavelength omoitaw
tlon,

Three photossnsitive systems wore attempleds
Tdonine  5x10”° moles/L with Poso,  5x0> moles/l P 2-2.5

" H ] " mﬁa " " pH beb

Soheme B ond unaltered commerelal nitrogen gas was used in Scheme A,



Experimental Resulis ‘
Curves 1, 2, 3, 44, 8, and 9 were obteined, The ordinate
of each curve is in millivelts recorded and not sstual millivolts
garvos 1, 2, 3 were obtained using cireult diagrws A end
Schome A for the photosensitlive half cell along with wnrepurified
&wm guse The rurdt of the cuwrves wore recorded using olrouit
B and Schemd B with nitrogen gas whlch was sade oxygen froe.
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Disoussion .

ourves 1, 2, and 3 which were obtained ineorporeting Scheme &
and elreoult A along with unaitered commercial nitrogen gas at
firat appear to give good photogalvanie effects, Those owrves,
however, were not reproducible so Hwres maln alteraticns were

paratus, Pirst Scheme B for the photosensitive
halfeoell was devised which minimimed the ssount of nitregen gas
collecting on the platinum electrode, Oas bubbles sccwmlating
on the electrode ceused changes in its aobive swrfaece ares and
thus gave fluctusilons in the elsctromotive foree of the MM.‘
which showed up as nervousness on the recorder, Scheme B cleared
up practically all of these fluctuations, '

The coumerclel nitrogen ges had a certein amount of okygen
gas present, It seowed reasonable Yo suspect that the oxygen
pregent in the gog d the "pus™ lons rether gquickly and
therefore made our ourves invalid, After vemoval of the oxygen
gas from the oltrogen Ly LRbbling the gas therough & concentrated
aselublion of potassium pyrogallate no eoffect (electromotive Lforce)
whatooover wags observed, So thore was reason to belleve that
the ourves somehow wore prodused by sowe other lunfluence than the
phaotogelvanio sflect,

T malin problem with oiroult A was that slight extornal
influences on the variable reslstor caused the recorder pointer
to beoume very unstesdy and a steady bese-line was hard to acquire,
After the coll came to oquilibriwa & base-line was eatablished
but soom after this the pointer would drift rapldly for no appare
ant reason, I might be considered solncidentel thet when the
light was turned on the ourve produced was merely the sforesaid
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drify, Puether evidgonce to prove these curves invalid is supplied
by Rabinowiteh who found the average 11fe of tho seduced dye
mmmmwmmmmyamsusuma{&k The curves
show that reduced dye molecules st have been present for about
18 winutes with the mangancusethblonine solution and for 1 minutes
with the cobaltousethionine system whieh is highly unlikely. A new
Civeuit (B) was devised which did not incorporaie & bucking
potential, |

V e nitrogen ges now not only played the role of circulating
the reduced dye molecules out of the beam of 1ight and onto the
electrode but 1t also swept out of the electrolyte any oxygen thet
might have dissolved in it from the afr,

Photogaivenle effeots wore now obaserved with the ferrouse
thionine systom but werenot found with tho other photosensitive
systeng, The mangoncus-thionine and cobaltousethicnine systems
are less sensitive than the ferrcus-thionine systom begause their
lnopganie couples are less easily reversible, |

Mz WL e il v
n’: T2 m e & wleSl ¥
o = g*h ¢ wleB2 v

When the ferrouse-thionine system wes exposed to light the

dye became reduced ss explained in the introduction but it nl:n

”++ ' m‘f*"‘ + ‘ & ‘nw
mmm + @ g leucothlonine - 430
+ +t+ o ‘ v
Th + M g Isuse + Fe w07



The ifllwsinated balfecell 1s slways negative aus cempared to the
nonllilusinated one,
The slowness of the back reaction whieh allows the rmmd
dye molescules to traverse the unlllumineted distamoe from the
boam of light to the electrode before beconing omidized by the
forplic ion may be attributed to a pooulier relation between g P
and a8 of the resction, That the free energies of each half reaction
{%o the right) are strongly positive is indicatoed by thelr pow
tentlials, These sre probably exothormic reactions (wp 1) s
the reduced stute of thionine has a musller entrepy than its
oxidized state, Also the oxldized stete of ferrous 1.0., ferric
bas a smaller entropy, Al of this obvicusly favors the baok
Feastion (to the loft). The back reactlon, however, 1s endothermic
and as such can not procved with high veloclity because in its
Surrcundings there is not enough readlily avallable beat energy (7)e
The photosensitive solutions were kept at the proper pH tw
alnimize oxidation by alr, Hebinowitch found the meximum sensitive
1%y for the ferrcus-thicoine system at pH 22,5 (eurve 5)(8) for
bis spparatus using § intensity of bis available light intensity
{1000 watt power before filtration), his pll was also used here
fssumling that our Lfotensity was comparsble to his § intensity,
Rebinowlitehts eurve {curve 6)(9) shows maxinam g€at a thiow
nine concentration of Sx10™ moles/l uaing strong illumination,
Tls concentration was slso used in the photossnsitive systems
here,
The consentration of PesQy (52103 ) was used in our system
&8 recommended by Rabinowlteh (10). He found & mexinum sensitivity
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of & Po Clpethionine system at pH 1.7 with a ferrous concene
tratlon of 1x10™° moles/l, The maximum g¢is shown on curve 7 (11)e
These values were obtained using two platimum electrodes in the
Photosensitive eelly one surrounded by illwminated sclution and
the other in the dark,

Qurve: l shows the photogalvanic effeot with the forvouse
thionine systom which gave a deflection of 4 uv or by deteraine
2tlon a cell output of 20,75 mv, A9 shown, quick responses
wore observed when the light wes turned on and off, _

m ourve § it oan be soen that our cell output was still
about 20,75 mv, The photosensitive ecoll was sontinuously exclted .
for 6645 minutes to dotermine if the output dropped off dud to
Photowdosonposition of the dye. We see, however, that at the
o8d of this time, when the light is turned off, the cell output
Folaxes by no less than the original 20,75 mv thus indiceting
that no electromotive foree was lest due to dye decosposition,
T noticeable overall drift or shifting of the base-line may
e explained as Being @ to the heating effoct on the solution
trough tho convection of heat from the source and the absorbtion
°f light by the solution,

Wproduelble curve 9 was obtalned using vardous alterations
°h the system and results weve obbained which were unpredictable
®ad up to this time ave unexplained, At first the 1ight was
Ywrned on (a) giving & photogalvanie effeet which weemed to be
Sbout only one-half as great ss previously obtained, Tuls can
o explained quite easily as being oeused by & slight shifting
in the distance betuoen the electrodes causing a dLffevent ine
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%ornal resistente in the cell and or an effect on the photo
sensitive solution due to ageing, The solution used wes from the
~ %90% stock ss solutions for the previous determinations but
this dedersination wes sarried out st a later date and the solution
¥as older, Hence the concentvations might have changed due to slow
oxidation of the feyrous fon by adr, It should be noted at this
Yiue that all solutdons wore kept under nitrogen bub oxygen
from the air could have dissolved inte them during contimual
“pening and trensferving of the electrolyte, About one wminute after
e system resshed equilibeium, the ges was turned off (b)., ne
Would expeot that due to the decrease in slrculation of the ree
doed dye molecules the electromotive foree would drop off
WROrGAnglys There was, however, a considereble increase of .6 mv,
Tals ineresse sight be explained as being the result of the
elinination of light reflection from the gas bubbles onto the
oloctrode; this illumination of an electrode in solutions would
Gause a Becquerel Effect apparently of Wﬂm eloctromotive force
Yo the photogalvanic electromotive foree,
e inervese in electrouotive fores might also be attributed
%o the inerease in sondustivity between the slestrodes which proe
Viously had been lower due to slight sceumilations of gasion the
Platimum eleotrode and the salt bridge,
How when the light was turned off (o), it wes noted that
the electromotive fores was further increased by .4 mv and a
NOW stondyestate or base-line was obtained for the systom when
the light and gas were both turned off,
At point (4) when the Light was again turnsd on the photoe
Eslvanie offedt was in the opposite divection by 3.5 mv. Why

Sl ot



&t this stage, the photogelvanic effect was in the oppusite

- directlon from those previously observed with gas flow ean not

b9 sxplained at this time, When the ges was again tuwrned on at §
8 large deflestion ocourred back to about the originsl position
and then the photogalvanisc potential of .2 mv decreased with the
oxtinetion of the Light (f)s A &rift and lower base-line was
noticed between (8) and (g) which was probably dus to am overall
adjustment of the cell due to ion diffusion from the salt bridge
but the deflections ave the same as w&ﬂm observed at (u)
and (b),

Mrther experimentation is necessary te explain what happened
between points (o) and (e) and why the photogalvenic effect seema
%0 be in the opposite divestion when the gas is off to when it ls
flowing,

I tiwe sllowed, trials would have boen abttempted whereby
the effect on the electromotive fores of the gas mlone would have
boen determined, The influcnce of the Beoquerel Effect eould
b6 dederuined by verying the mwunt of light reflection on the
oleotrode, This wlght indicate whedhwr shielding of the Qmm
from light reflestions im necessary,
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Summary

After careful analysls of the apparatus used by Rabinowitch
& modified apparatus was constructed, This was further improved
when Scheme B and ecircuilt B were incorporated into the apparatus
to give steadier base-lines and reproducible curves, The photo-
sensitive solutions used by Rabinowitch were studied and used
here were those which seemed to be most semsitive,

No photogalvanic effect was observed in the manganous=-thionine
aéd the cobaltous-thionine systems but a moderate effedt was
observed with the ferrous-thionine system,

Curve 9 was obtained with the ferrous-thionine system by
meking alterations on the system, Purther investigations are

neécessary to fully explain this curve,
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