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A study was made of photoactivation of giant (surface-enhanced) Raman light scattering and of 
giant second harmonic generation. The common origin of the effects is demonstrated and a 
molecular-adsorption mechanism of photoactivation is established, a "memory" effect of 
photoactivation is reported, and it is shown that in a certain range of light intensities the 
photoactivation effect obeys the reciprocity (Bunsen-Roscoe) law. The photoactivation 
coefficient of giant second harmonic generation is maximal ( - lo2) after anodic etching of 
several surface monolayers of silver, which enhances greatly the sensitivity of the method of 
second harmonic generation to the presence of an adsorbate and makes it quasinondestructive 
because the changes in the initial topography of the investigated surface are small. 

INTRODUCTION 

Giant nonlinear optical processes on the surfaces of 
metals (usually called surface-enhanced processes in the 
Western literature) are attracting attention largely because 
of possible applications of these processes in the develop- 
ment of methods for the investigation and diagnostics of the 
surfaces of solids. Therefore, the attainment of the highest 
surface-enhancement coefficients has become of fundamen- 
tal importance and further investigations are needed of the 
enhancement mechanism and of the conditions under which 
the efficiency of such giant processes is maximal. Photoacti- 
vation of giant nonlinear optical processes is therefore un- 
doubtedly of interest. 

The photoactivation effect consists in a considerable 
(by an order of magnitude or more) increase in the intensity 
of giant Raman scattering (GRS) and generation of a giant 
second harmonic (SH) on illumination of the surface of a 
metal which is made rough by anodic etching. An increase in 
the intensity of GRS lines by a factor of 5-7 in the case of 
various molecules adsorbed on the surface of silver and cop- 
per is reported in Refs. 5-10. Photoactivation of a giant SH is 
reported in Ref. 7 and its study is described in Ref. 8. In spite 
of the fact that the photoactivation mechanism is not yet 
understood, this effect has been employed to increase con- 
siderably the sensitivity of GRS spectroscopy to the presence 
of an adsorbate. 

The reasons for the influence of illumination of an ano- 
dically roughened surface on the enhancement coefficients 
of GRS and of a giant SH can be identified by considering the 
surface enhancement mechanisms. Two alternative ap- 
proaches have been used to account for GRS: electromag- 
netic and molecular-adsorption. The electromagnetic mech- 
anism of enhancement of GRS postulates an increase in the 
intensity of a local pump radiation field as a result of excita- 
tion of surface plasmons at the interface. In the case of some 
special structures (such as diffraction gratings or structures 
with frustrated total internal reflection) these can be surface 
,plasmon-polaritons." In the case of a rough surface with 
separate granules one can expect excitation of localized sur- 
face plasmons representing collective dipole oscillations of 
the electron components of a plasma in a metal. l 2  A charac- 
teristic feature of the electromagnetic mechanism is its long- 
range nature: the enhancement effect does not require a di- 
rect contact between a molecule and a metal. 

The other surface enhancement mechanism is associat- 
ed with an increase in the Raman scattering polarizability 
(or of the quadratic hyperpolarizability in the case of gener- 
ation of a second harmonic) of a molecule as a result of its 
adsorption. This molecular-adsorption mechanism is feasi- 
ble in the case of some types of adsorption of organic mole- 
cules when metal/adsorbate complexes arr: formed on the 
surface and the electronic spectrum of these complexes has 
an additional visible band associated with charge transfer 
between the molecule and the metal.I3 Raman scattering and 
second harmonic generation in such an adsorbate may be of 
resonant nature and this in turn may increase considerably 
their intensities. In the case of the molecular-adsorption 
mechanism direct contact between a molecule and a metal is 
of fundamental importance, i.e., the mechanism is of short- 
range nature. The dominant role of the electromagnetic 
mechanism, ensuring an increase in the Raman scattering 
intensity by four or five orders of magnitude, is now general- 
ly accepted.I4 The enhancement associated with resonant 
excitation of Raman scattering to a charge-transfer band is 
estimated to be a factor of 10-10' (Ref. 14). 

However, experimental estimates of the relative contri- 
butions of these two mechanisms are subject to a large error 
due to the fact that these contributions are very difficult to 
distinguish in studies of GRS. In fact, an adsorbate mole- 
cule, the presence of which is essential for the observation of 
GRS, has a dipole moment induced by the pump field and is 
described the expression 

and the intensity of GRS 

always contains a combination of three parameters: the sur- 
face density of the adsorbate N,, , the effective Raman scat- 
tering polarizability of the adsorbate molecules a,, allowing 
for the appearance of a charge-transfer band, and the local 
field factor L ( w )  allowing for the change in the pump field 
near a rough surface. 

Studies of generation of a giant SH give much more 
reliable experimental estimates of the relative contributions 
of the various mechanisms. The quadratic polarization of a 
surface layer of a metal at the SH frequency is given by the 
expression 
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where ~ 2 '  is the nonlinear susceptibility of the metal and 
y::' is the effective quadratic hyperpolarizability of the ad- 
sorbate molecules deduced allowing for the charge-transfer 
band. The intensity of a giant SH 

does not vanish even in the absence of adsorbed molecules 
(N,, = 0)  on the surface and this makes it possible to oper- 
ate the electromagnetic mechanism in its pure form, exclud- 
ing the adsorption effects and thus the molecular-adsorption 
mechanism, which is not true of GRS. 

The photoactivation of giant processes and the surface 
enhancement itself may be of dual nature. Illumination dur- 
ing anodic etching may, in principle, alter the parameters of 
the rough surface (electromagnetic photoactivation mecha- 
nism) and can change the surface density of charge-transfer 
complexes (molecular-adsorption photoactivation mecha- 
nism). However, investigations of the photoactivation of 
GRS do not give an unambiguous answer to the question of 
the nature of this effect. The experimentally observed en- 
hancement of the intensity of the scattered light can be ex- 
plained either by the influence of illumination on the struc- 
ture of the surface roughness9 or by an increase in the surface 
density of charge-transfer complexes N,,, (Ref. 10). As in 
the investigations of the mechanisms of surface enhance- 
ment, generation of a giant SH makes it possible to draw 
more reliable conclusions on the nature of the photoactiva- 
tion effect because by eliminating the adsorption effects, we 
can isolate the contribution of the photoactivating illumina- 
tion to the change in the roughness of a metal surface. How- 
ever, in extending then the mechanism of photoactivation of 
a giant SH to the photoactivation of GRS, we must demon- 
strate that these specific surface nonlinear optical phenome- 
na are of the same origin. 

EXPERIMENTAL METHOD 

A sample of pure (0.9999%) polycrystalline silver was 
placed in an optical electrochemical cell containing an 
aqueous solution of KC1 in a concentration of 0.1 mol/liter. 
Pyridine C,H,N could be added to this electrolyte in a con- 
centration of 0.05 mol/liter (molecules of pyridine are a 
model adsorbate in GRS studies). Before being placed in a 
cell the surface of a silver electrode was polished with a dia- 
mond abrasive and then it was etched electrochemically in 
order to roughen the surface at anodic potentials of silver 
amounting to g, = + 0.15 V relative to the electrolyte ( g ,  
was measured by comparison with a saturated silver chlo- 
ride comparison electrode). Reversal of the sign of the cur- 
rent for a given value of g, could initiate electrochemical 
oxidation of silver producing a film of chloride on its surface. 
Reversal of the current across the interface then reduced a 
film of AgCl to metallic silver. The two reactions occurred 
mainly at initial irregularities of the surface acting as crystal- 
lization centers. Anodic etching of the surface produced 
metal granules; the average size and the surface density of 
these granules were determined by the density of the surface 
charge q which crossed the interface during the anodic etch- 
ing time. In all cases, except those mentioned specially, a 
charge of density q- 200 mC/cm2 passed through the elec- 
trode surface and the current density was i- 2 mA/cm2. 

In addition to these surface granules, anodic etching 
created a large number of adsorbed silver atoms (adatoms) 
because the process of surface diffusion and incorporation in 
the crystal lattice of the metal was hindered in the case of 
these atoms by the adsorbed water molecules and electrolyte 
ions. These adatoms could form metalorganic charge-trans- 
fer complexes with pyridine molecules, known to be active in 
GRS and in giant SH generation. 

The surface density of adatoms depended strongly on 
the potential of silver: when the potential was sufficient for 
etching, the density of atoms was maximal, but outside the 
cycle in the range g, 5 0 V it began to fall rapidly tending to 
zero for q, - - 0.7 V. The addition of organic molecules to 
the electrolyte solution before and after anodic etching made 
it possible to alter the value of the surface density of charge- 
transfer complexes N,,, and thus change the contribution 
of the molecular-adsorption mechanism to surface enhance- 
ment and photoactivation. 

A giant SH was observed on reflection of YAG:Nd3+ 
laser pulses from the surface of silver; the parameters of 
these pulses were as follows: the wavelength was A,  = 1064 
nm, the pulse duration was T-  15 ns, and the power density 
was WL - 10-100 kW/cm2. The radiation of an ionic argon 
laser emitting at A,  = 5 14.4 nm with a power of PL - 100 
mW was used in the excitation of GRS. The systems used to 
record the intensities of GRS and giant SH were described 
earlier.4.'5 A region where excitation of nonlinear processes 
took place on the surface of silver was illuminated during 
etching with background radiation from an Ar+/Kr+ laser 
with different wavelengths A ,  and different power densities 
Wb . 

EXPERIMENTAL RESULTS AND DISCUSSION 

1. Dependence of photoactivation on background 
illumination parameters 

In comparing the mechanisms of photoactivation of 
Raman scattering and of giant SH generation we considered 
the main characteristics of the photoactivation effect for 
these two separate processes. We studied the dependences of 
the photoactivation coefficients of GRS 
KGRs = I,,, ( Wb )/ItR, and of giant second harmonic 
generation K , ,  = I ,, ( Wb )/I ;,, on the parameters ofback- 
ground illumination and on the conditions during photoacti- 

FIG. 1 .  Dependences of the photoactivation coefficients of GRS ( 1 ,  3) 
and giant SH generation ( 2 , 4 )  on the power density W, ( 1,2)  and wave- 
lengths, (3 ,4)  of activating background illumination. Curve 5 shows the 
initial part of the dependence K 8/,2( Wb ). 
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vation; here, I,,, ( Wb ) and I , ,  ( Wb ) are the intensities of 
photoactivated giant (surface-enhanced) processes and 
I;,, and I:, are the intensities of the corresponding pro- 
cesses in,darkness. Figure 1 shows the dependences of KG,, 
and KsH on the power density of the background illumina- 
tion Wb (curves 1 and 2)  and on the background wavelength 
ilb (curves 3 and 4). The dependences K ,,, ( Wb ) and 
KsH ( Wb ) observed in the range Wb > 10 mW/cm2 demon- 
strated an increase in the photoactivation coefficients by an 
order of magnitude or more, whereas in the range Wb > lo3 
mW/cm2 the dependences reached saturation. The region of 
rise was linear in the case of GRS: KGRs a Wb . The photoac- 
tivation coefficient of the generation of a giant SH varied 
quadratically in this range of background illumination pow- 
er densities: KsH = W t .  Curve 5 in Fig. 1 gives the 
KA/,2( Wb ) dependence obtained at ilb = 488.0 nm and we 
can see that this dependence could be approximated satisfac- 
torily by a straight line. The maximum value of the photoac- 
tivation coefficient in the region of saturation of generation 
of a giant SH was 2-3 times higher than for GRS. 

The behavior of the spectral dependences of the pho- 
toactivation coefficients (curves 3 and 4 in Fig. 1 ) was simi- 
lar for GRS and giant SH generation. There was no photoac- 
tivation in the infrared range. Moreover, the spectral 
dependence of the photoactivation coefficients was related 
qualitatively to the spectral dependence of the sensitivity of a 
surface film of AgCl to the process of photodissociation, 
which we used later in interpretation of the photoactivation 
mechanism. 

All the measurements of the photoactivation of giant 
SH generation were made using pump (laser) pulses of pow- 
er density W, -20 kW/cm2. However, even this relatively 
low pump power density could affect the surface structure 
induced by the photoactivating illumination. We allowed for 
this possibility by investigating the dependence of the inten- 
sity of the second harmonic generated in the presence of pho- 
toactivation and in darkness I,, ( WL ) in a wide range of WL 
(Fig. 2) .  The values of WL used in our experiments corre- 
sponded to the quadratic part of the dependence I,, ( WL ), 
indicating the absence of degradation of the photoactivated 
surface. Moreover, the photoactivation effect was strong 
even when the conditions corresponded to those parts of the 
curves where the dependences deviated from the quadratic 
law. 

I,,,, , rel. units 

FIG. 2. Dependence of the intensity of a giant SH on the power density of 
the pump radiation W, in the case of photoactivated ( 1 ) and dark ( 2 )  
anodic etching cycles. 

FIG. 3. Check of the validity of the Bunsen-Roscoe law in the photoacti- 
vation of GRS ( a )  and giant SH (b) .  Dependences of KG, ,  and K ;/,2 on 
the duration of background illumination t are approximated by straight 
lines with the slope proportional to the power density of the background 
illumination W,   he results are plotted for the foliowing values-of W, 
(MW/cm2: 1)  50; 2 )  25; 3)  60; 4 )  30. 

2. Relationship between photoactivation and exposure. 
Bunsen-Roscoe law 

A detailed investigation of the dependence of the pho- 
toactivation of GRS and of giant SH on the parameters of the 
background illumination showed that in a certain range of 
the background power densities Wb the photoactivation ef- 
fect obeyed the Bunsen-Roscoe reciprocity law. According 
to this law, the yield of a photoreaction product is propor- 
tional to the exposure H = Wbt and that the duration of 
illumination t and the background power density Wb occur- 
ring in this expression are interchangeable. 

Figure 3a shows the dependence of the coefficient 
KGRs ( t )  for the Y = 1010 cm- ' line of a molecular vibration 
of pyridine on the duration of illumination obtained for two 
values of Wb corresponding to the linear part of the depen- 
dence KGRs ( Wb ) and differing by a factor of 2. The slope of 
the straight lines KGRs ( t )  is such that in order to obtain the 
same values of the photoactivation coefficient at a lower 
background power density we would require twice the time. 
This confirmed that the Bunsen-Roscoe reciprocity law was 
satisfied by the process of photoactivation of GRS in the 
linear part of the dependence KG,, ( Wb ). 

Since the intensity of the second harmonic differs from 
the GRS intensity because the former is proportional to the 
square of the amount of the generated substance, we checked 
the Bunsen-Roscoe law in the case of the generation of giant 
SH by investigating the time dependences K :/,2(t) for two 
values of Wb corresponding to the quadratic part of the de- 
pendence KsH ( W, ) and differing by a factor of 2 (Fig. 3b). 
The slope of the straight lines WA/,2(t) demonstrated, exact- 
ly as in the case of GRS, that photoactivation of giant SH 
generation obeyed the reciprocity law in a certain range of 
the background power densities. 

3. "Memory" effect in photoactivation 

Investigations of the photoactivation GRS and of giant 
SH generation revealed a "memory" effect manifested as fol- 
lows: when after roughening of the surface in the presence of 
photoactivating illumination the subsequent anodic etching 
cycles were carried out in darkness without preceding repo- 
lishing of the surface, the giant SH and GRS signals did not 
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change greatly after the last cycle in darkness and remained 
practically at the level of the photoactivation signal. On the 
other hand, if there was no initial photoactivating cycle, the 
subsequent etching cycles in darkness not only did not en- 
hance the signal, but even reduced it somewhat. Therefore 
even after complete renewal of the surface by thermal cy- 
cling a "memory" of photoactivation remained in the en- 
hancement-inducing structure. 

The results of the investigations described in this and 
the preceding two subsections demonstrate that the pho- 
toactivation mechanism is the same for GRS and giant SH. 
In fact, the spectral dependences of the photoactivation coef- 
ficients, their relationship to the power density of the back- 
ground illumination, the reciprocity law, and the "memory" 
effect are similar for both these giant nonlinear optical pro- 
cesses. 

4. Photoactivation mechanism 

As pointed out above, the spectral dependences of the 
photoactivation coefficients are the same as the spectral de- 
pendences of the rate of photodissociation of silver chloride. 
This reaction results in photoreduction of neutral silver in a 
film of AgCl which covers the surface of a metal during ano- 
dic etching. Photoreduction increases the surface density of 
silver adatoms compared with the number of adatoms 
formed on the surface simply as a result of electrochemical 
reduction. The question is whether the additional (photore- 
duced) adatoms behave as crystallization centers for the for- 
mation of additional roughness granules or whether they 
participate in the process of formation of complexes and in- 
crease the surface density of metalorganic complexes. 

We studied the influence of the background illumina- 
tion on the electromagnetic enhancement mechanism by 
eliminating the adsorption effects. Cycles of anodic etching 
in darkness and in the presence of illumination were carried 
out using a pure solution of KC1 without pyridine. In this 
case we found that metalorganic complexes did not form on 
the surface of silver and that illumination could influence 

I,,, , rel. units b 

only the process of formation of the surface roughness, but 
the intensity of a giant SH was not enhanced: 
K,, = 1 ~fr 0.2. In the next experiment involving illumina- 
tion the process of formation of the surface roughness could 
be influenced only by such illumination. After anodic etch- 
ing (photoactivated and in darkness) the silver electrode 
was removed from the electrochemical cell, washed thor- 
oughly with water that was distilled twice; this removed the 
adsorbate and we were then able to study giant SH genera- 
tion in air. We found that that again the SH intensity did not 
increase: KsH = 1 f 0.2. 

These results indicate a slight influence of the photoac- 
tivation on the surface roughness and electromagnetic en- 
hancement of the local field. It should be stressed that, for 
fundamental reasons, similar experiments are impossible 
when the photoactivation of GRS is investigated. 

The influence of the molecular-adsorption mechanism 
could be reduced significantly by adding pyridine after the 
anodic etching cycle. In this case the density of surface 
charge-transfer complexes was found to be considerably less 
because of the rapid reduction of the surface density of atoms 
at the end of anodic etching. Figures 4a and 4b give the de- 
pendences I,, (p) and K , ,  (p) obtained on addition of pyr- 
idine before and after anodic etching. In the former case 
when the process of electrochemical reduction'of a film of 
AgCl occurred in the presence of pyridine, the surface den- 
sity of adatoms and N,., were high and the photoactivation 
coefficient reached its maximum value of K s H  - 20. The ad- 
dition of pyridine after the etching cycle at p- - 2 V re- 
duced the photoactivation by a factor of 8-10 because of the 
low values of the surface density of adatoms. 

It should be noted that for p- - (0.8-1.0) V the con- 
tribution of the molecular-adsorption mechanism to the en- 
hancement of giant SH and GRS was maximal.I5 The inten- 
sity of a giant SH observed after the addition of pyridine 
before anodic etching, when the role of molecular-adsorp- 
tion mechanisms was important, reached its maximum pre- 
cisely in this range of potentials (curves 1 and 2 in Fig. 4a). 
However, when pyridine was added after roughening of the 

FIG. 4. Dependences of the SH intensity I,, on 
the potential q, obtained when pyridine was add- 
ed before ( a )  and after ( b )  anodic etching in the 
case of dark ( 1 ) and photoactivated ( 2 )  giant 
SH. Curves denoted by 3 represent the depen- 
dence of the photoactivation coefficient K,, on 
p. The influence of the number M of the poten- 
tial-scanning cycles on the intensity of the pho- 
toactivated ( 4 )  and dark ( 5 )  SH is shown in the 
inset. 
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TABLE I. Photoactivation coefficients of giant SH and GRS obtained for different values of the density N,,, of metalorganic complexes of pyridine on 
the surface of silver. 

Conditions during measurement 
Conditions during of SH and GRS 

roughening of the surface signals NCTC KSH KGRS 

In electrolyte without 
pyridine 

In electrolyte with 
pyridine 

In electrolyte without 
pyridine 

In electrolyte with 
pyridine (added 
before etching) 

Ditto 

in electrolyte without 0 1 f 0.2 GRS spectrum of 
pyridine of pyridine absent 

in air after washing with 0 1 + 0.2 
bidistillate 

in electrolyte with small 1-2 
pyridine (pyridine added 

after etching) 

in electrolyte with large 15-20 
pyridine 

ditto, but after strong small - 1 
cathodic polarization 

ditto 

surface, this maximum did not appear in the dependence 
I,, (p) (curves 1 and 2 in Fig. 4b) since the contribution of 
the adsorbate layer to the generation of a giant SH was then 
small and the nature of the dependence I,, ( p )  was gov- 
erned mainly by the influence of p on the nonlinear suscepti- 
bility of the metaL4 However, the maxima of the depen- 
dences KsH (p) were observed at potentials p- - (0.8- 
1.0) V in both cases (curves denoted by 3 in Figs. 4a and 4b) 
indicating an increase in the role of the molecular-adsorp- 
tion mechanism of enhancement due to photoactivation. 

An investigation of the photoactivation of GRS estab- 
lished that the addition of pyridine before and after anodic 
etching gave the same values of the photoactivation coeffi- 
cient KG,, (Refs. 7 and 9), so that we concluded that the 
photoactivation mechanism was of the electromagnetic 
type. However, this was clearly related to the fact that after 
anodic etching the density of photoreduced and chemore- 
duced adatoms and the density of charge-transfer complex- 
es, formed as a result of roughening in darkness and during 
illumination, decreased by the same factor. 

Metalorganic pyridine/silver complexes were unstable 
at high cathodic polarizations of the electrode and after ex- 
posure of the surface to a potential p - - 1.0 V the GRS and 
giant SH signals decreased irreversibly. l5 The inset in Fig. 4a 
shows the dependences of the intensity of the photoactivated 
(4) and dark (5)  giant SH on the number of potential-scan- 
ning cycles in the range from - 0.2 V to - 1.3 V at a rate of 
4 mV/s. The intensity I,, was measured at p = - 0.9 V 
after each scanning cycle. The much faster fall of I,, in the 
case of a photoactivated surface confirmed the dominant 
role of unstable metalorganic complexes in the photoactiva- 
tion effect. 

The results of our jnvestigation of the photoactivation 
ofgiant SH obtained for different values ofNCTc are listed in 
Table I and they allow us to draw the conclusion about the 
molecular-adsorption mechanism of photoactivation: illu- 
mination of the surface during anodic etching increased the 
surface density of reduced silver adatoms and the surface 
density of metalorganic complexes. It should be pointed out 
that an investigation of the photoactivation of GRS, the re- 
sults for which are given in the last column of the table on the 
right, could not be used to draw a definite conclusion about 
the nature of photoactivation. 

5. Dependence of photoactivation on the parameters of an 
anodic etching cycle 

We investigated the dependences of the photoactivation 
coefficients on the surface charge density q which passed 
during an anodic etching cycle. The exposure H was kept 
constant by altering q and this was done by varying the oxi- 
dation and reduction current density i while keeping the du- 
ration of the etching cycle constant at T = 200 s. Back- 
ground illumination of the electrode during photoactivation 
was provided by light of ilb = 488 nm wavelength and 
Wb = 1 W/cm2 power density. We plotted in Fig. 5 the de- 
pendences of the giant SH intensity on q after roughening of 
the surface in darkness (curve 1 ) and after roughening ac- 
companied by photoactivating illumination (curve 2) .  We 
plotted along the abscissa also the number of monatomic 
silver layers participating in the etching process (one mono- 
layer corresponded to q - 0.3 mC/cm2). In the range q 5 30 

n, of Ag rnonolayers 

FIG. 5. Dependences of the intensity of the dark ( 1 ) and photoactivated 
(2) SH and of the photoactivation coefficient ( 3 )  on the charge density q 
and the number of etched silver monolayers n. 
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mC/cm2 the dependence I:, (q)  fell strongly, whereas the 
change in I,, ( Wb ) was considerably less in the same range 
of q. The dependence K,, (q) was represented by curve 3, 
which indicated that if q = 100-300 mC/cm2, then 
K , ,  - 10, whereas for q 5 10 mC/cm2, when the changes in 
the surface topography were small, we found that 
K , ,  - 100. 

This behavior of I: ,  and I,, ( Wb ) at low values of q 
was clearly associated with the fact that the amount of the 
activating background light depended weakly on q: in the 
case of photoactivation the important factor was only the 
presence of an oxide film on the surface. On the other hand, 
the number of charge-transfer complexes formed by che- 
moreduced silver adatoms during roughening in darkness 
depended strongly on the current density i and on the charge 
q in the case when q- 10 mC/cm2. 

CONCLUSIONS 

We reported the results of photoactivation of giant sec- 
ond harmonic (SH) generation discovered earlier. We com- 
pared the characteristics of this effect with a similar phe- 
nomenon of photoactivation of giant Raman scatterint 
(GRS) of light.6 We found that the photoactivation of GRS 
and giant SH exhibited a "memory" effect and obeyed the 
Bunsen-Roscoe reciprocity law. 

The similarity of the dependences of the photoactiva- 
tion coefficients KsH and KG,, on the power density and 
wavelength of the activating (background) illumination and 
the fact that the Bunsen-Roscoe reciprocity law was satisfied 
at the same values of the background illumination power 
density, together with the discovery of a "memory" effect, 
all pointed out to the same mechanism of photoactivation of 
GRS and giant SH. Since giant SH generation made it possi- 
ble to distinguish experimentally the contributions of the 
electromagnetic and molecular-adsorption mechanisms to 
the surface enhancement, we determined the nature of pho- 
toactivation by investigating the features of these effects in 
the case of generation of a giant SH. 

The magnitude of the photoactivation coefficient of gi- 
ant SH was linked uniquely to the surface density ofmetalor- 
ganic pyridine/silver complexes. The absence of photoacti- 
vation in those experimental situations which were 
characterized by NcTc = 0 indicated that background illu- 
mination had no significant influence on the surface rough- 
ening process or on the enhancement of the local field. An 

investigation of the photoactivation of giant SH for different 
values of NcTc and also the dependence of the photoactivat- 
ed SH signal on the SH signal led us to the conclusion that 
the photoactivation of GRS and of giant SH was due to the 
molecular-adsorption mechanism. 

An investigation of the photoactivation of giant SH at 
low charges in an anodic etching cycle demonstrated that the 
photoactivation effect could be used to enhance the sensitiv- 
ity of optical methods for monitoring the adsorption of or- 
ganic molecules on metal surfaces when an essential require- 
ment was a minimum change in the initial topography of the 
surface. Therefore, photoactivation made the generation of a 
giant SH a sensitive quasinondestructive method for the in- 
vestigation of adsorption. 

The authors are grateful to L. V. Keldysh for his help in 
organizing our research and for valuable discussions of the 
results. 
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