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PHOTOELECTRIC EMISSION FROM PHOTOTROPIC 
MERCURY COMPOUNpS. 

By Bh. S. V. Ra[(hava Rao and H. E. Watson. 

Anaduzzi and Padoa (N. Cimento, 1912,3,41), studying the photo
electric emission from benzaldehydephenylhydrazone and other similar 
phototropic compounds, concluded that the photoelectric current varies 
with the chanO"e in colour. Gallaghere (Bull. Soc. chim., 1921, iv, 29, 
961) obtained ~imilar results with phototropic arylamines. Both authors 
measured the photoelectric effect by determining the rate of discharge 
of an electrometer, and thus were unable to detect any rapid changes 
which might have occurred in the course of their experiments. 

We have recently described a number of mercury compounds 
which exhibit a high degree of phototropic activity (l. Physical Chem" 
1928, 32, 1354) and it seemed possible that these might also have a 
large photoelectric emission. The method of measuring photoelectric 
currents described by Toy, Edgerton and Vick (Phil. Ma[(., 1927,3, 
482) in which use is made of a thermionic valve appeared very suitable 
for the purpose, as it is possible by its means to determine the 
instantaneous current even when very small. Applying this method 
we have measured the emission from twelve compounds and have found 
that in nearly every case those prepared in the dark are not photo
electrically active; but after exposure to light, emission of electrons 
takes place on irradiation with ultra-violet light. A possible expla
nation is that the light energy is at first expended in effecting a 
transformation of one form to the other, and it is only when light falls 
on a transformed particle that an electron can be liberated. This 
simple hypothesis is, however, not altogether satisfactory in view of 
the fact that the maximum phototropic activity is found in the visible 
region while photoelectric activity is confined to the ultra-violet. For 
the moment no other explanation is forthcoming. 

EXPERIMENTAL. 
The arrangement of the apparatus is shown diagramatically in 

Fig. I. The photoelectric cell A was supported on blocks of paraffin 
and connected between the grid and plate of the thermionic triode V. 
Ordinarily r60 volts were applied to the plate and the steady anode 
current balanced by means of the potentiometer P so that the galvano
meters G1 G2 showed no deflection. P consisted of a fixed resistance 
of 700 ohms and variable 12 and I ohm resistances in series with it so 
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Ii d' t t was possible. G1 was a pointer galvano-
that a very ne a J~~o~~~strument giving a deflectioll of I c~). for 
meter and G, aTmhlr fitted with suitable shunts and sWItches I" 10-1 amp. ese were 
and indicated any change in anode current. 
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The thermionic valve has been used in conjunction with a photo
electric cell by Rosenberg (Naturwzss., 1921, 9, 359, 389), du Prell 
(Ann. Physik, 1923, 70, 199) and Ferrie, J ouaust and Mesny (Compt. 
rend., 19 2 3, 177,847). All these authors arranged the cell in such a 
way that the photoelectric current charged the grid negatively and 
the system thus behaved as an electroscope of small capacity. Equili
brium was reached when the current from the cell was equal to the 
leakage, and by improving the insulation it was found possible to 



obtain eflec6ve magnifications of 10' and even more. Du Prell 
investigated the matter in considerable detail and drew attention to the 
harmful effect of grid current. 

In the experiments of Toy, Edgerton and Vick the photoelectric 
cell charges the grid positively and thus the conditions are different. 
These authors offer no explanation for the action of thc cell and con
sequently it was considered desirable to ascertain the exact reason for 
the constancy of the change in anode current for a given photoelectric 
current and to ensure that the relation between these two quantities 
was a linear one. 

It seemed likely a priori that equilibrium would be obtained when 
the photoelectric current was equal to the grid current. The usual 
grid current characteristic A, Fig. 2, approaches the axis asymptotically 
and does not yield much information. The potential of the free grid 
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was found to be - 0'4 volts and f.urther measurements weie lr~de. of 
the very small current in thi.s regIOn by the usual method of :):assl~g 
the grid through a high resistance (4 ~egohms), short ClfcUltmg tne 
resistance and measuring the change l~ anode curre~t, The cllr,;,e 
obtained is shown in FiO", 2 (c), the gnd current bemg reversed !ll 

part owing to incomplete "'evacuation of the valve. 

The point a where the ~rid current is zero gives ~he p.otcntial of. t~e 
, free' grid, no change m ano?e current resultmg 1£ the grIct IS 

disconnected when biassed to this voltage. The slope or the curve 
from a to b determines the sensitiveness of the valvc. Its val ue in the 
neighbonrhood of a is r8 x 10-7 a~p. per volt al~d as one volt change 
on the grid at this point results 1';1. a ~hange 111 anode cl:rrent of 
0'33 x 10-' amp. the current magmficatlOn of the system IS about 
1,800. 

A!> the curve from a to b is approximately linear and measure· 
ments are made over only a small range (1 mv. grid potential) it would 
be expected that the change .in anode current would be proportional to 
the photoelectric current. This was tested by exposing a 5il vcr cell 
to the mercury arc at different distances and Fig. 3 shows that the 
assumption is correct within the limit of experimental error. 

The actual valve used to which the cnrves refer was a Cleartroll 
2SB, impedance 33,000 obms, amplification factor 11. This was 
selected as being the most sensitive of a number of valves of different 
types. The suitability of a valve for this purpose has since been 
investigated in some detail and will form the subject of a 5eparate 
communication. In making the above calculations the leakage 
between grid and filament has been neglected. This was measured 
and found not to influence the results to any appreciable extent. 

Tlze photoelectric cell.-The substance to be examined was made 
into a t?in paste with water and floated over a piece of platinum foil 
mea.sunng 16:< 9 mm. On drying, the coating adhered to the 
platmum suffiCiently to allow handling. Platinum was used as a 
support ~s it would not react with the mercury compounds and also 
because It has been shown by Woodruff (Physical Rev., 192 5,26,655) 
that the photo~l.ectric emission ~rom a platinum surface is negligible 
under the condmons of our expenments. A piece of nickel gauze the 
s,:me size as the platinum was used as anode. In order to secure the 
hlghest possible insulation, the wires supporting the electrodes were 
p~s5ed throu~h. corks,in the opposite ends of a quartz tube 1 cm. in 
diameter, the ]OllltS bemg made airtight with a beeswax-resin mixture. 
At one end of the tube a small tap was inserted for evacuation. The 
assemblage is shown in Fig. 1. With this arrangement it was possible 
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to adjust with sufficient accuracy the distance between the electrodes, 
normally o'S mm. The cell was illumin.ated by me,ms, of a ql!~rtz 
mercury arc lamp working at atmosphenc pressurt; arm ccmsumlllg 
2' 5 amps. at 92 volts. 

Before recording actual measurements a preliminary inq:l:ry was 
made into the effect of (I) the gas pressure III the celJ :mil (2) the 
distance apart of the electrodes. Usir;g a ~ampJ.e of the coml!Ound 
HS.Hg.CNS, the galvanometer defle~t!On wIth all' at 1'0 !lUll. m th,e 
cell was 4'9 cm" at 2'0 and 2'5 mm" It ~as 5'0 em, u:ld, at 3'0 mill, It 

felJ to 4'2 cm. The existence of a maXImum value, )$ III :lccol'dance 
with similar observations by Toy, Edgerton and V Ick :llld the order 
of pressure is the same. In all subsequent e~p~rimcnts the cell.s we~e 
evacuated to 2 '0 mm. pressure, a slight vanatlOn of pressure m thIS 
region having a negligible effect. 

Measurements were next made of the photoelectric current when 
the distance between the electrodes was varied. An increase of the 
distance from o· 33 to 0'44 mm, reduced the current by 1 per cent. and 
at 0'59 mm. there was a further reduction of 2 per cent. Thesc 
changes are almost within the limit of experimental error when all 
factors are taken into consideration. As far as possible the electrodes 
were set 0'5 mm. apart. The thickness of the coating might have 
some influence upon the observed current but comparative experiments 
indicated that this factor was negligible, 

Action of li![ht on di!fermt compounds.-Twelve phototropic 
mercury compounds were studied and it was found that, in general, 
the initial photoelectric current was small, and that on continued ex
posure there was an increase until a maximum was reached. Simulta
neous darkening of the compound occurred. If the compuund was 
left in the dark overnight and again exposed, the initial photoelectric 
current was lar~er than before, but the final current was approximately 
the same. ThIS result could be repeated on successive days al thougb 
the initial currents were somewhat irregular, according to the duration 
of exposure on the preceding day and the exact time allowed for 
recovery. If the cell was heated to 100° for some hours the initial 
current was reduced very nearly to that given by the fresh substance. 
These observations are in agreement with the hypothesis that the corn
po~n~s whet; prepared in the dark give rise to little or no photo
ell?s?lOn whIle .th~ blac~ened forms have considerable activity. If 
this ~s the case It IS pOSSIble to form a quantitative estimate of the 
relative amount of ~he two varieties in the surface layer and thus make 
~ore, accurate estImates of t~e rate of darkening than is possible by 
Judgmg the shade. Table I gIves a few values for the initial and final 
galvanometer deflections on different days and illustrates the order of 



accuracy which may be expected in these experiments. In order to 
obtain comparable resuits the apparatus was always adjusted so that a 
standard cell containing a strip of polished silver gave a fixed deflection 
on the galvanometer (43 em.). 

TABLE 1. 

Initial and jilUz! photoelectric currents at dilfermt periods. 

HS.Hg.CNS (aJ HS.H~,CNS (b) I.Hg.CNS I.Hg eNS. 
-j- ~~.------

1 i 
Day Final Day Day 1 Initial! Fina.l 

I 
1 

i I 0'2 9'4 ! 1'3 3'4 I , 3'0 13'0 
I I 

I 1'6 g'l 3'0 I 9'S 2 I 1'7 3'3 I 4'0 IS'3 

0'5 9'7 3'5 9'.\ i 2'3 S'4 4'3 13'3 

2'0 9'3 3'0 !=l°3 2'5 3'2 "R 13'4 

10 7'0 9'7 5'0 8'6 2-4 .1'4 7'5 13'4 

12 6-5 9'6 2'8 3'3 .j'5 :3'5 

13:1., I 1'5 9'3 

ZHgS,HgCI, ,Hg-S,H,Sr, 2.HgSe,Hg1, 2HgS,Hg(CNS), 

• i 
B'-'inal J 

' , ! lnwall Day '~Initiall Final I Day i loitisJ Day , Initial I Final Day Final 
_ .. __ ' I ,I I I I 

I 
10'5 14'6 [ 6'2 

I 
0'2 3" 0'1 6'5 

! 
2'0 

2 

I 
0'6 10'3 g'O 14'3 i 4'3 6'0 0'8 S'. 

3 I 4'6 

I 
10'6 7'4 14'5 4'2 6'3 1'8 3'5 

7'S 10'5 7-S 14'4 4'8 6'0 2'6 3'4 
I I 10'6 I S j g'O g-O 14'3 3'0 6'1 

s·1 1'5 I 10'8 I 3-8 6'4 

9 i 4'2 

I 

10'61 3'5 6'3 
I 

10 ! 6'0 10'7 I 

1 After beating to 100" f01" 4 hours. 
2 After heating to 90' for 6 hours;; 



As already mentioned, the initial current~ a:e somew):lat irregular 
on successive days but there appears to be a distinct tendency towards 
a steady increase, particularly in. the case of the com~ound.s 
HS.Hg.CNS and 2HgS.HgCI,. This sugges,ts that repeated illuml. 
nation retards the subsequent rate of re~ersalill t~e dark: No. effect 
of this nature was observed in the origmal expenments III which the 
rate of recovery was measured, but in these the comp~)Und was 
darkened only to a particular shade and not completely as m the pre
sent case. There are indications that the compound takes longer to 
recover after a prolonged exposure to light subsequent to comp]e~e 
darkening, but definite measurements.have ?ot yet been made and tIm 
aspect of the subject requires further mvestlgatlOn. 

It will be observed that in some instances the initial current, even 
with the fresh substance, is by no means small. Readings taken at 
short intervals indicate that the initial rate of change is sometimes 
very rapid and is therefore not easy to determine exactly. The figures 
in Table I refer to values 5 seconds after exposure to light. 

Figs. 4 and 5 show some typical curves obtained by taking galva· 
nometer readings at short intervals after exposure to light. Curves 
i and ii are for the compound 2HgS.HgCI, freshly prepared and after 
darkening and recovery overnight. The second curve is one that 
would be expected for a mixture of the fresh substance with about 
10 per cent. of the darkened form. Curve iii is for a fresh sample of 
HS.Hg.CNS and is of a slightly unusual shape as the rate of emission 
increases with time instead of remaining constant as in the previous 
case. Curves of similar shape were obtained with this compound 
after darkening and recovery. Curves iv and v were obtained with 
the iodine compounds I.Hg.CNS and 2HgSe.HgI,. These differ 
from the preceding in that they give a definite emission immediately 
on exposure • 

. ~ different type of curve is given by 2HgS. HgBr, (vi). The 
eml~slOn m~asured as. soon as possible after exposure to light is high 
but IS changmg so rapidly .th~t an accurate determination is not possible. 
The shape of the curve Indicates that the initial emission might be 
zero. The case of LHg.CNSe shown separately in Fig. 5 is similar, 
the appar~nt tendency' of the .~~rve to start from zero being more marked 
as shown III curves VII and Vlll taken on consecutive days. In curve ix 
taken a day. l~t~r, the initial bend appears to be absent. In order to 
study th~ Inlt~al. ef£~ct more closely the light was reduced to nearly 
0dayne.half Its ongInal Intensity giving curves x and xi on consecutive 

.~. T3~s~r curves show a distinct tendency to pass through the 
ongm an m Icate the r .. pid formation of an intermediate compound 
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having approximately one-half the emissive power of the final product. 
When the first bend is reached the colour change is only slight, so that 
the intermediate compound appears to be of the same colour as the 
original one. 



It is possible that action ~f.a similar nature occurs with other 
compounds, but owing to the rapidity of the first change, measurements 
are difficult to make. 

Wavelenzth of the active li~ht.-:-Although. the c,?l?u,r cha?ge of 
the compounds under investigatIOn ~s .grea~est m the vlSlb,C .reglOn, no 
photoelectric effect is produced by vIsible hght. The saI?e IS the case 
for ultra-violet light filtered through glass or a solut_lOn of cobalt 
sulphate and nickel chloride transparent to 2600 A. . U .. I t aj~pears 
therefore that only light of wavelength less than thiS gIVes nse to 
electron emission. 

It might be suspected tha.t the ul~ra-vi?l:t lig~t has some ~peci.fic 
action on the compounds causmg theu activity to Il1crease on ITradJa
tion. This was tested in the case of the substance L HgCNSe by 
darkening it through a green filter and then exposing to the mercury 
arc. The initial emission was found to be the same as the maximum 
reached when exposed to the arc without a filter, so that it is the darken
ed form of the compound which is active irrespective of its method 
of formation. 

A similar experiment was made with the same compound in the 
stage of the initial rapid change. Exposure through a green screen 
had the same effect as exposure to the direct are, so that the formation 
of the first product is not specific to ultra-violet light. 

THE RELATION BETWEEN LIGHT SENSITIVENESS AND 
PHOTOELECTRIC EMISSION. 

As already mentioned, the green region of the spectrum is the 
most active in producing colour changes in these compounds while 
only ultra-violet light gives rise to electron emission. If there is any 
relation between the two properties it would most probably be fonnd 
by comparing them for light of similar wavelength. In the first paper 
of this series it was shown that the colonr change in ultra-violet light 
was slow, but the relation to the velocity for the visible reo-ion was not 
determined and it by no means follows that the ratio is "'constant for 
different substances. 

We have now measured the times taken for darkening to the same 
shade Ca) when exposed directly to the quartz arc (b) when exposed 
through an ultra-vIolet filter which cut out the visible region almost 
entirely and transmitted the ultra-violet as far as 2800 A. U. The 
results are shown in Table II and it may he seen that the ratios of the 
times of darkening v~ry from 2'0 to 4'2. Much importance cannot be 
attache~ to the ~elatlOn be~ween the figures for different compounds as 
the shades ~o whIch darkemng took place are arbitrary and the colours 
vary £0: different compounds. It might be expected that a better 
comparison could be made from the curves showing the photoelectric 
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activity assuming that the compounds are completely darkened when 
the curves turn over at the top, Figures for this quantity are given in 
column 3 of Table II, the actual values being multiplied by a factor to 
make them comparable with those in column 4, light of different inten
sity having been employed in the two cases. It will be noted that the 
two sets of figures although somewhat correlated, differ in a marked 
manner in several cases. It is possible that most of the compounds 
are slightly transparent to visible light but opaque to ultra-violet light 
so that the photoelectric effect would reach a maximum as soon as the 
surface layer of molecules was converted into the darker form, 
Maximum darkening as judged by eye would require some time longer 
according to the transparency of the particles. In practice it was 
difficult to estimate the colour during the experiments on photoelectric 
emission because of the grid which covered the compound, but as far 
as could be seen, the colour when the maximum emission was obtained 
was usually somewhat lighter than the deepest shade which could be 
reached. 

TABLE I!. 
Light Semitiveness and Phototropic Activity, 

I 

Time of darkeumg. I R r I ~= 
minutes . a 10 1,8 ~6 

Compound a ~ .0 1----, -- ,g E'"; 
o~~I~ul ~~I . ~.~~ ~~N is:' s:fl£l c:b : c:a .t;j~S' _ax _.o¢:l I .:E,!!~ 
~ ::2. Eo-; r Q.l 

1 HS.Hg.CNS , .. 9'6 6 25 4'2 

I 
2'6 15 

2 CI.Hg,CNS ... SO 95 .. , ... . .. 1'5 
i 

3 I.Hg,CNS ... 5'0 20 63 3'2 j 12'6 5 

~ Br.Hg.eNS. ... S'6 30 72 2'4 I 8'S 6 

5 l.Hg.CNSe ... 14'8 25 70 2'8 i 4'7 21 

6 l.Hg,CNO ... 10'5 30 75 2'5 I 7'1 I 1'5 

7 Hg,C1 •. 2HgS ... 9'6 12 33 2'8 3'4 16 

8 HgBr,.2HgS ... S'6 10 29 2'9 3'4 22 

9 HgI •. 2HgS I 
7'5 9 24 2'7 3'2 82 

"1 10 HgI.,2HgSe ... 10'5 40 84 2'1 S'O 

I 
9 

11 Hg(CNS),,2HgS 

'''1 
9'6 I 10 30 S'O I S'l 5 

12 Hg(CNSe),,2HgS ... . .. 35 82 2'3 I . .. 1'5 
I 

Ag 

:::1 
.. .. ... ... I . .. 67 

HgS ... ... ... ... 

I 
. .. 62 

HgS. ... '" ... . .. ... . .. 5 



The times of darkening (c), although for ultra-violet 11ght, are for 
longer waveleng~hs. than those p~oduciIlg the photoelectric effec; as 
there was no emISSIOn when the light was passed through the ultra
violet filter. The ratios to the times (b) for untllterecllight do not vary 
very widely and it is possible that d~rkening til1l;~_ for t!Je extreme 
ultra-violet wonld be of the same relative order. I ne rallOS c: a are 
much more divergent and it is difficult to say which figures more 
nearly represent the times of darkening. Whichever are adopted, 
however, there appears to be no quantitative relationship between the 
times of darkening and the photoelectric emission. In several cases 
the phototropic and photoelectric activities run parallel for relaled 
compounds, for example the chlorine compound 2 is less active than 
the iodine compound 3, and the activity rises from chlorine to iodine 
in the compounds 7, 8 and 9. The selenium compounds 10 and 12 

are less active than the corresponding sulphur compounds 9 and II, 

but the iodine compounds 3, 5 and 6 appear to be irregular. According 
to column (c) the selenium compound is intermediate in phototropic 
activity, according to (a) it is the least active while its photoelectric 
activity is the greatest of the three. 

Photoeleclrtc fatigue.-None of the substances examined showed 
any signs of photoelectric fatigue when exposed for 80 minutes. The 
photoelectric currents remained constant over this period within the 
limit of experimental error. 

SUMMARY. 

I. The photoelectric emission from 12 phototropic compounds 
of .m~rcury has been examined and it is found that in all cases the 
elTIlSSlOn from the compounds prepared in the dark is zero or very 
small. 

2. ~n exposure to light the emission increases to a maximum 
and remams stea~x with~ut any sign of fatigue. The maximum cur
r~nt was 82 x 10 amp. In the case of the compound HgI2.zHgS in 
au at 2 mm. pressure. 

3· !n s~me cases the increase in emission takes place in two 
~tages Wl~h dIfferent rates of Increase pointing to the formation of an 
mtermedlate compound. 

d 4· On keeping in the dark or on heating, the photosensitiveness 
ecreases very nearly to that of the freshly prepared compounds. 
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5. The dark varieties of the compounds give the same emiSSIOn 
whether formed by the action of visible or of ultra-violet light. 

6. There is no definite relation between phototropic and photo' 
electric activity although there is some correlation in the case of 
compounds of the same class. 

[Accepted, 18-12-28.] 
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