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IN M E M O R Y  O F  A C A D E M I C I A N  A .  N.  T E R E N I N  ( 1 8 9 6 - 1 9 6 7 )  

V. N.  F i l i m o n o v  a n d  Y u .  D. P t m e n o v  

In 1970, it will have been three  y e a r s  since the death of the outstanding Soviet scient is t ,  physical  
chemis t ,  h e r o  of soc ia l i s t  labor,  Academic ian  Aleksandr  Nikolaevich Terenin .  

The scientif ic  in t e res t s  of Te ren i n  were  e x t r e m e l y  broad  and divers i f ied.  As a student of the mos t  
p rominent  Russ ian  and Soviet physica l  optician D. S. 1Rozhdestvenskii, Te ren in  began his  scientif ic  act ivi ty 
with works  in the field of a tomic  spec t roscopy .  His f i r s t  invest igat ions [1-3] were  devoted to the explana-  
t ion of the s t ruc tu re  of the ene rgy  levels  of a number  of meta l  a toms  by resonance  f luorescence  methods.  
Even  these  f i r s t  works ,  c a r r i e d  out with grea t  expe r imen ta l  skil l  at the s t a r t  of the twenties  during a per iod 
of v igorous  scient i f ic  development  with r e s p e c t  to the s t ruc tu re  of the atom, brough Te ren in  widespread  
fame.  A huge contr ibution of Te ren in  to the knowledge of a tomic  spec t r a  was his  d i scovery  in 1928 togeth-  
e r  with Dobre tsov  [4] of the ul trafine s t ruc tu re  of spec t ra l  l ines caused by the p resence  of nuclear  spin. 

However ,  beginning with the middle twenties,  T e r e n i n ' s  c i rc le  of scientif ic  in te res t  shifted more  and 
m o r e  to the field of spec t roscopy  and pho tochemis t ry  of molecules .  In 1925, using a method of optical  ex -  
ci tat ion p rev ious ly  d i scovered  by h im for  the vapor s  of halide sal ts ,  Te ren in  d i scovered  the phenomenon of 
photodissocia t ion of molecules  to fo rm excited a toms and rad ica l s  and the new method based on this for  de-  
t e r m i n g  the d issoc ia t ion  ene rgy  of molecu les  [5, 6], meanwhile proposing the s t a r t  of a large cycle of works  
devoted to the study of the nature of p r i m a r y  photochemical  p r o c e s s e s  in gaseous compounds [7]. 

In the th i r t ies ,  Terenin ,  while heading the a l ready  well-known collective of sc ient is ts  and c o - w o r k e r s  
in the l abo ra to r i e s  he organized in the State Optical Institute and in Leningrad Universi ty,  labored over  a 
broad f ront  using var ious  methods of invest igation.  Continuing his works on the photodissociat ion of m o l e -  
cules,  Te ren in  together  with Neuimin [8] extended these invest igat ions to the vacuum UV region  of the spec -  
t ra ,  which pe rmi t t ed  a study of the photochemical  reac t ions  of oxygen, water ,  ammonia ,  alcohols,  and other  
compounds.  Toge ther  with Popov [9], he was one of the f i r s t  to begin to use m a s s  s p e c t r o m e t r i c  techniques 
for  the analys is  of the products  of photoionization of molecules .  Te ren in  s imul taneously  concerned h imse l f  
with the p rob l ems  of exchange and t r an s fo rma t ion  of e lec t ronic  and vibra t ional  energy  of exci ta t ion of m o l e -  
cules .  With this goal in mind, he studied the effect  of contaminat ing gases  on the intensi ty and v ibra t ional  
s t ruc tu re  of the f luorescen t  spec t r a  of the products  of photodissociat ion of molecules  (N. P. Pr i l ezhaeva ,  
Neuimin, Tibilov) [7], and propounded expe r imen t s  for  explaining the effect  of contaminat ing gases  on the 
f luorescence  of complex  organic  compounds (Vartanyan, Neporent) [10], and studied the p r o c e s s e s  of deac t i -  
vat ion of v ibra t iona l  ene rgy  with r e s pec t  to the IR d ischarge  emis s ion  in molecu la r  gases  (Neuimin) [11]. 
In this per iod a lso  we find the f i r s t  works  of Teren in  and his sc ient i s t s  with r e s p e c t  to the luminescence  of 
c rys t a l lophosphors  (Klement) [12], the IR spec t roscopy  of organic  compounds dissolved in gases  under high 
p r e s s u r e  [13], as well as invest igat ion of f luorescence  and phosphoresence  of l aye r s  of organic  compounds 
at low t e m p e r a t u r e s  [14] which fo rm the bas is  of the study of photochemical  reac t ions  of molecules  in this 
s ta te .  

At the end of the th i r t i es  and s t a r t  of the for t ies ,  Te ren in  t r a n s f e r r e d  his in te res t  to the study of photo 
p r o c e s s e s  in organic  dye molecules .  In 1941, together  with Var tanyan [15], he detected the semiconductor  
p r o p e r t i e s  of l aye r s  of organic dyes.  In 1943, his studies of the phosphorescence  of complex organic mo le -  
cules with conjugated bonds, including dye molecules ,  led him to the hypothesis  concerning the b i rad ica l  
(triplet) nature of the exci ted metas tab le  state of molecules  [16, 17], which for  the f i r s t  t ime permi t ted  one 
to a r r i v e  at a c o r r e c t  explanation of the m e c h a n i s m  of phosphorescence  and photochemical  reac t ions  of 
complex  organic  compounds and layed the foundation for  modern  photochemis t ry .  
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In the mid for t ies ,  Te ren in  introduced the p rob lem of spec t ra l  e m i s s i o n  of photochemical  reac t ion  of 
chlorophyl l  andi ts  analogs,  having in view an explanation of the m e c h a n i s m  of the f i r s t  stage of photosynthe-  
s is  in plants and the reproduct ion  of its separa te  s tages  within the living cell  [18]. In 1948, as a resu l t  of 
works  c a r r i e d  out under the direct ion of Te ren in  in the photobiochemis t ry  l abo ra to ry  he organized,  K r a s a -  
novskii d i scovered  the r e v e r s i b l e  reac t ion  of photoreduct ion of chlorophyll ,  which is e x t r e m e l y  impor tan t  for  
photosynthesis  in plants [19]. Somewhat ea r l i e r ,  Teren in  and Karyakin  [20] observed  for  the f i r s t  t ime the 
r e v e r s i b l e  photo t rans fe r  of a photon between organic molecules .  

In the ensuing yea r s ,  Te ren in  became e x t r e m e l y  in te res ted  in the p rob lems  of the t r a n s f e r  and m i g r a -  
tion of energy,  e spec ia l ly  in b iochemica l  p r o c e s s e s  [21]. In 1952, he and E r m o l a e v  [22] detected and sub-  
sequently studied in detail  the phenomenon of sensi t izat ion of phosphorescence  of organic compounds caused 
by nonemiss ive  t r a n s f e r  of the ene rgy  of e lec t ronic  exci ta t ion of molecules  with r e spec t  to the t r ip le t  levels .  
Simultaneously with the p rob lems  of energy  t r ans fe r ,  Teren in  evolved invest igat ions of the photoe lec t r ica l  
p rope r t i e s  of dyes and other  organic compounds including chlorophyl l  (Vartanyan, Putseiko,  Evst igneev) [19]. 
He studied in detail  the mechan i sm of spec t ra l  sensi t izat ion by dyes of photoelect r ic  p r o c e s s e s  in s emico n -  
ductors  (Putseiko, Akimov) [23, 24]. Using the methods of h igh-speed  and pulse spec t roscopy  he studied 
the i n t e rmo lecu l a r  t r a n s f e r  of an e lec t ron  [25]. He also c a r r i e d  out a study of the dark  and photochemical  
reac t ions  of dyes with r e s p e c t  to the absorpt ion spec t r a  in the vis ible  and IR regions  and via the EPI~ m e t h -  
od (Siorov, Kholmogorov) [19]. 

Having developed the invest igat ion in the di rect ion of more  and more  complex  objects ,  including b io-  
chemical  sys t ems ,  Te ren in  at the same t ime did not cur ta i l  his  study of photo p r o c e s s e s  in s imple  gaseous  
compounds.  Included in his  pos twar  works of this cycle  a re  the study of the sens i t ized  f luorescence  in va -  
pors  of organic  compounds (Karyakin) [26], the invest igat ion of the IR emiss ion  of v ib ra t iona l -exc i t ed  m o l e -  
cules in e l ec t r i ca l  d ischarge  (Dodonova), and the photosynthesis  of organic compounds f r o m  s imple  gases  
under the action of vacuum UV radiat ion (Dodonova, Sidorova) [27]. The works  of Teren in  and Vi lesov  [28] 
with r e spec t  to the energe t i c s  and mechan i sm of photoionization p r o c e s s e s  in the vacuum UV spec t ra l  r e -  
gion, which encompassed  a broad c i rc le  of object ives f rom simple gases  to complex  dye molecules  and bio-  
logical ly act ive compounds,  were  the subject  of broad development  in the fif t ies and s ix t ies .  In these v e r y  
s a m e . y e a r s ,  under T e r e n i n ' s  d i rect ion were  ca r r i ed  out invest igat ions of the photoelec t r ic  p rope r t i e s  of 
organic po lymer s  which culminated in the d i scovery  of a new c lass  of organic semiconduc tors  [29], two- 
quantum photo reac t ions  were  studied [30], works  with r e s p e c t  to the IR spec t ra  of complexes  with ca ta ly t i -  
cal ly  active compounds [31] were  accompl ished  via spec t roscopy  at high p r e s s u r e s  [32], and many  o thers .  

Not l imit ing h i m s e l f  to a study of the photophysical  and photochemical  p r o c e s s e s  in gaseous  and con- 
densed phases ,  Teren in  in the th i r t ies  entered  into a study of the effects  of the in te rac t ion  of optical  r a d i a -  
tion with the sur face  boundary of a g a s - s o l i d  and, assoc ia ted  with this,  the more  genera l  p rob l ems  of phy-  
s i cochemica l  sur face  phenomena.  Here ,  as well as in other fields,  Teren in  addres sed  h imse l f  chiefly to 
spec t r a l  and other  optical  methods using them to solve such p rob lems  as the degree  of de format ion  and 
s t ruc tu ra l  changes of molecules  during adsorpt ion,  ene rgy  exchange between molecules  and solids,  and the 
mechan i sm of e l e m e n t a r y  acts  of chemica l  reac t ions  proceeding  on the sur face .  We should like to he re  
discuss  in more  detail  works  of this type which occupy such a cen t ra l  posi t ion in the scient i f ic  act ivi ty  of 
Terenin .  

Having organized a l abo ra to ry  of the optics of surface  phenomena in Leningrad Univers i ty  in 1935, 
Te ren in  worked out for  it a broad p r o g r a m  of invest igat ions which provided for  both the obtaining of data on 
the s ta te  of a d s o r b e n t - a d s o r b a t e  s y s t e m s  as well as d i rec t  observance  of the effects  and t r a n s f o r m a t i o n s  
caused by light absorpt ion.  One of the p rob lems  which the l abora to ry  encountered was the study of the pos-  
s ibi l i ty  with the help of light to act ively  affect  the course  of he terogeneous ,  catalyt ic  reac t ions .  A s p e c t r a l -  
m a n o m e t r i c  method, which has  subsequent ly  assumed  widespread  extension in the works  of Soviet and f o r -  
eign sc ien t i s t s ,  played an impor tan t  role  ih these invest igat ions.  The appl icat ion of this method even in the 
f i r s t  yea r  of the l a b o r a t o r y ' s  work pe rmi t t ed  Teren in  toge ther  with Kas tarov ,  Val'  nev, and Tagan t sev  to en-  
t e r  into a planned study of the photodesorpt ion and photodecomposi t ion of adsorbed molecu les  as well  as 
photochemical  reac t ions  between molecules  in the sur face  layer  [33-36]. As a r e su l t  of these invest igat ions 
it was found that light quanta which are  not capable of causing the same  p r o c e s s e s  in molecules  in the f r ee  
gaseous  state can ac t ive ly  affect  the adsorbed molecule .  In par t i cu la r ,  it was shown that the reac t ion  with 
a solid can lead to a significant lowering in the boundary value of the quantum energy  n e c e s s a r y  for  d i s rup-  
tion of the valence bonds. Teren in  together  with Kurbatov then detected and studied the effect  of inc reas ing  
the adsorpt ion capabi l i t ies  of a solid during i l lumination with visible and UV light, i .e.,  the photosorpt ion of 
molecules  [33-36]. 
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These  works ,  which were  the f i r s t  sys temat ic  investigation in the field of photocatalysis ,  were  deve l -  
oped fu r the r  in the pos twar  per iod when Teren in  and Solonitsyn [371 began a study of photosorpt ion and pho- 
todesorp t ion  of s imple  gases  which occur  during absorpt ion  of light by an absorbent .  During this period, 
along with m a n o m e t r i c  m e a s u r e m e n t s  for  invest igat ing photosorpt ion and photocatalytic p roces se s ,  Te ren in  
and Solonitsyn, Vilesov, Lisachenko,  Kotel 'nikov,  and Basov began the widespread applicat ion of m a s s  spec-  
t r o m e t r i c  methods which made possible  re l iab le  quantitative analysis  of reac t ion  products  and permi t ted  
the formula t ion  of a number  of new p rob lems .  For  example ,  owing to the use of oxygen molecules  of d i f fe r -  
ent isotopic composi t ion,  the dynamics  of photosorpt ion p r o c e s s e s  in the o x y g e n - z i n c  oxide s y s t e m  were  
d i scovered  and the s imples t  photocatalyt ic  reac t ion  of isotopic oxygen exchange was invest igated and made 
it poss ib le  to link photosorpt ion p r o c e s s e s  in the oxygen-ox ide  sy s t em with the photocatalyt ic  act ivi ty of 
oxides in oxidation reac t ions  (Vilesov, Lisachenko) [38]. 

Of g r ea t  s ignif icance for  explaining the m e c h a n i s m  of photosorption and photocatalyt ic  p r o c e s s e s  in 
addition to d i rec t  m a n o m e t r i c  and m a s s - s p e c t r o m e t r i c  exper iments  were  invest igat ions of e lec t ronic  t r a n -  
s i t ions in the sur face  l aye r  with r e s p e c t  to a change in the conductivity of absorben ts  as initiated by T e r e n -  
in and Putse iko  [23] and subsequent ly  developed by Korsunovski i ,  Solonitsyn, Kotel 'nikov,  Rapoport ,  and 
Basov.  These  expe r imen t s  showed that photosorpt ion p r o c e s s e s  a re  not caused only by a change in the e l ec -  
t ronic  s ta te  of the absorbent  during i l luminat ion but are  assoc ia ted  with the action of light on the sur face  
hydroxyl  groups  of the adsorben t  or  with the change in the degree  of charging of the surface  (s t ruc tura l  or 
p rev ious ly  chemisorbed)  oxygen occur r ing  during i l lumination.  A para l l e l  study of the conductivity, photo- 
conductivity, and photocatalyt ic  p rope r t i e s  was used to explain the mechan i sm of photooxidation of wa te r  on 
the sur face  of semiconductor  oxide adsorbents  (Korsunovskii) .  

It should be noted that Terenin ,  even in his ea r ly  works ,  used the concept of e lec t ron  exchange in the 
g a s - s o l i d  sy s t em  [36, 39] to explain the photosorpt ion of molecules  and the quenching of photoluminescence 
of adsorbents  during contact  with cer ta in  gases  (as observed  by h im and Gachkovskii).  In the pos twar  
y e a r s ,  Teren in  subjected p r o c e s s e s  assoc ia ted  with the t r a n s f e r  of an e lec t ron  in the a d s o r b e n t - a d s o r b a t e  
s y s t e m  to comprehens ive  invest igat ion using such methods as the m e a s u r e m e n t  of the photoconductivity and 
photo emf  of powdered oxides (Putseiko), the quenching of the luminescence  of an adsorben t  by adsorbed 
molecu les  (Tagantsev),  the change in the photoelec t r ic  work of d ischarge  of semiconductors  (Vilesov), and 
the absorpt ion  of semiconduc tors  in the IR (Filimonov) and EPR (Kholmogorov, Rapoport)  spec t ra l  regions .  
In the p roce s s ,  Te ren in  did not l imi t  h imse l f  to the invest igat ion of the role  of the e lec t ronic  fac tor  in the 
physica l  c h e m i s t r y  of sur face  phenomena but a lso  set  as his  goal a study of the effects  of adsorpt ion on the 
photoe lec t r ic  p rope r t i e s  of semiconduc tors  [40]. Of pa r t i cu la r  importance  in these  invest igat ions were  
works  devoted to the spec t r a l  sensi t izat ion of the internal  photo effect  in semiconductors  by adsorbed m o l e -  
cules and the assoc ia ted  sensi t izat ion of photographic l aye r s .  An extended s e r i e s  of invest igat ions ca r r i ed  
out by Te ren in  and Putseiko,  Akimov, and other  co -worke r s ,  as well as d i rec t  m e a s u r e m e n t s  of the ioniza-  
t ion potent ia ls  of adsorbed molecu les  (Vilesov, Akimov, Bentsa) pe rmi t t ed  a solution of the pr incipal  p r o -  
b lem of the mechan i sm of the t r a n s f e r  of the ene rgy  of exci ta t ion f rom an adsorbed molecule  to a solid [24, 
41]. 

Another  scient i f ic  d i rec t ion es tab l i shed  by Te ren in  in the middle th i r t ies ,  viz. ,  the spec t roscopy  of 
adsorbed  molecules ,  played an impor tan t  role  in the development  of modern  concepts  of the surface  s t r u c -  
ture  of oxide adsorben ts  and the nature of the fo rces  and adsorpt ion cen te r s .  The d i rec t  study of the ad so rb -  
ed s tate  and chemica l  t r an s fo rm a t i ons  of molecules  on a sur face  of a solid by optical  and radio s p e c t r o s c o -  
pic methods entered  into the tasks  of works  in this d i rec t ion  which formed a bas i s  for  the broad applicat ion 
of spec t r a l  methods in invest igat ions of the c h e m i s t r y  of a solid surface ,  adsorpt ion,  and he terogeneous  ca -  
t a lys i s .  

The f i r s t  works  of Te ren in  in the field of the spec t roscopy  of adsorbed molecu les  were  accompl ished 
in the l abo ra to ry  of the optics of sur face  phenomena in 1934-1940 and were  devoted to a study of the changes 
which the absorp t ion  spec t ra  of s imple  molecules  undergo in the visible and UV region during adsorpt ion on 
halide sa l t s  and si l icone dioxide aeroge l  [33, 35]. These  works  pa r t i cu la r ly  provided for  de terminat ion  of 
the shift  of the e lec t ron ic  spec t rum of molecules  during t rans i t ion  f rom gaseous to the adsorbed s tate  and 
i ts  co r r e l a t i on  with the energy  of adsorpt ion  of molecules  (Barakan, Kurbatov,) .  In subsequent yea r s ,  in- 
ves t iga t ion  of the e lec t ronic  spec t r a  of adsorbed molecules  was extended by Te ren in  to complex  a roma t i c  
compounds which have a cha r ac t e r i s t i c  absorpt ion  and undergo more  pronounced changes on contact  with a 
solid sur face  which are  caused by the development  of chemisorbed  s ta tes  [42]. The use of such indicator  
molecu les  pe rmi t t ed  spec t r a l  observa t ion  and study of the active cen te rs  of ca ta lys t  su r faces .  This  method 

698 



was espec ia l ly  widely used to explain the nature of the active cen te rs  of an a lumosi l ica te  ca ta lys t .  Even in 
the f i r s t  works  of this se r i e s ,  Te ren i n  and Sidorova [43J found that the adsorpt ion of a roma t i c  amines  on 
act ive c lays  of the bentonite type is accompanied  by ionization of the adsorbed molecules ,  which a t tes ts  to 
the p resence  of s t rongly  acidic cen te rs  on the sur face .  Subsequent invest igat ions ca r r i ed  out by Teren in  
and Kotov [44], pa r t i cu l a r ly  the applicat ion of "poisoned" ca ta lys ts  permi t ted  obtaining spec t roscop ic  ev i -  
dence of the p r e s ence  of acidic cen te r s  of two types on the surface  of a lumosi l ica te  ca ta lys t  proton donors  
which give up a proton to molecu les  of the organic bases ,  and e lec t ron  accep to r s  which lead to the f o r m a -  
tion of ca t ion - rad ica l s .  The next s tep in these invest igat ions was the use of polynuclear  a roma t i c  h y d ro -  
carbons  as indicator  molecules ,  which made poss ib le  the observa t ion  of the appearance  of carbonium ions 
(Kotov, Barachvvski i )  on the ca ta lys t  sur face  as well as the applicat ion of the EPR method for detecting and 
identifying var ious  rad ica l  f o r m s  of adsorbed hydroca rbons  (Kholmogorov) [45L Additional data on the na- 
ture of the chemisorbed  s ta tes  and the degree  of per turba t ion  of the e lec t ronic  s t ruc ture  of molecules  dur -  
ing adsorpt ion were  obtained f rom a study of the effect  of contaminat ing gases  on the adsorpt ion complex 
and the compet ing reac t ion  of molecules  with different  e lec t ron-donat ing  p rope r t i e s .  

Later ,  Te ren in  and Pimenov applied the method of e lec t ron ic  absorpt ion spec t r a  to study the doaor -  
accep to r  reac t ions  of organic  molecules  with the sur face  of typical  semiconductors .  As a resu l t  of these 
invest igat ions,  the fundamental  products  of the reac t ion  of such type were  detected: posi t ive and negative 
molecu la r  ions and a c h a r g e - t r a n s f e r  complex.  In addition, it was found that the fundamental  photophysical  
and photochemical  p r o c e s s e s  occur r ing  in the l ayer  near  the surface  of the lat t ice,  which a re  manifes ted  
pa r t i cu l a r ly  in a change in the optical  p rope r t i e s  of the adsorbent ,  change marked ly  during a d o n o r - a e c e p t o r  
reac t ion  which r e su l t s  in charge separa t ion .  

Te ren in  devoted spec ia l  attention to the development  of the IR spec t roscopy  of adsorbed molecules .  
This  method, which is cu r ren t ly  one of the mos t  d i rec t  and impor tant  sources  of informat ion regard ing  the 
state of adsorbed molecu les  and the s t ruc tu re  of sur face  compounds,  was f i r s t  used by Teren in  for  the in-  
ves t igat ion of sur face  phenomena in 1940. The f i r s t  works in this field, which he ca r r i ed  out together  with 
Kasparov,  involved a des i r e  to study the chemisorp t ion  state of ammonia  and ethylene molecules  on meta l  
su r f aces  [46, 47]. Although these expe r imen t s  had a somewhat  exp lora to ry  nature and were  in ter rupted  by 
the incipient war ,  the set t ing up i tse l f  of such invest igat ions at that t ime  a t tes ts  to the exper imen ta l  skill  
and profound scientif ic  pe r sp i cac i t y  of Te ren in  who even then fo resaw the g rea t  potent ials  of this method of 
invest igat ion.  It is sufficient to say that abroad the f i r s t  invest igat ions with r e spec t  to the IR spec t roscopy  
of adsorbed molecu les  were  es tabl ished only in 1953. In 1948, the study of the vibrat ional  spec t ra  of ad-  
sorbed molecules  and sur face  chemical  compounds was again r e sumed  by Teren in  in the near  IR spec t ra l  
region, and somewhat  l a t e r  a lso  in the region of fundamental  molecu la r  v ibra t iona l  f requencies .  Initially 
these invest igat ions were  focused on a study of the hydroxyl  coating of sil icone dioxide adsorbents ,  the ex i s -  
tence of which on oxide su r faces  Terenin ,  Yaros lavski i ,  Kurbatov,  and Neuimin proved  for  the f i r s t  t ime by 
d i rec t  spec t roscop ic  expe r imen t s  [48]. As a resu l t  of the ent i re  s e r i e s  of invest igat ions begun by these  
authors  and subsequent ly  continued under the di rect ion of Te ren in  by Sidorov, Karyakin,  and Fil imonov,  it 
was shown that the hydroxyl  groups of the si l icone dioxide surface ,  due to the i r  acidic nature and capaci ty  
for  format ion  of s table  hydrogen bonds as well  as a resu l t  of the p resence  in them of a dipole moment ,  a r e  
the cen te r s  of physical  adsorpt ion of a broad spec t rum of molecules  differ ing in e lec t ronic  s t r  ucture~ p r o -  
ceeding f r o m  dia tomie  molecules  of s imple  gases  and t e rmina t ing  in molecules  of a roma t i c  hydrocarbons  
[49]. It was found, in addition, that the sur face  silanol groups can also pro jec t  as cen te r s  of chemisorp t ion  
of molecules  leading to the fo rmat ion  of chemica l ly  modified su r faces  [50]. These  works  subsequently p e r -  
mit ted the development  of a comprehens ive  study of the role of sur face  hydroxyl  groups in the physical  and 
chemica l  adsorp t ion  of molecules  on oxide adsorbents .  

Af ter  explaining the fundamental  p r inc ip les  of the in teract ion of molecules  with surface  hydroxyls ,  
Te ren in  turned to a study of the IR spec t ra  of chemisorbed  molecules  using them in pa r t i cu la r  to study the 
nature of the act ive cen te r s  of ca ta lys t  su r faces .  The studies of this per iod encompassed  a la rge  number  
of adsorben ts  and ca ta lys t s  including synthetic zeol i tes ,  sal ts ,  meta ls ,  and meta l  oxides. IR spec t roscopy  
was used, e.g.,  toge ther  with e lec t ron ic  spec t r a  and EPR to study the acidic cen te r s  of a lumosi l ica te  ca t a -  
Iysts  and permi t t ed  observ ing  e l ec t ron -accep t ing  cen te r s  of the Lewis acid type on its sur face  and the ob- 
se rva t ion  of the appearance  of proton acid cen te r s  during the adsorpt ion of wa te r  (Filimonov, Roev) [511. 
Later ,  these  invest igat ions were  extended to other  adsorbents ,  during which it was found that the e l e c t r o n -  
accept ing acid cen te rs  of different  s t rength  which were  capable of fo rming  a coordinate bond with adsorbed 
molecules  a re  p resen t  on the sur face  of a large number  of meta l  oxides as well as s eve ra l  si l icone dioxide 
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adsorbents  (Sidorov, Fil imonov).  In another  s e r i e s  of works  devoted to the study of a ca ta lys t  surface ,  
Terenin ,  Roev, and Alekseev  conducted a compara t ive  study of the adsorpt ion cen te r s  of a number  of t r a n s i -  
t ion me ta l s  and the i r  compounds using the ni tr ic  oxide molecule as an indicator  of the e lec t ron ic  p rope r t i e s  
of the sur face  [52]~ As a r e s u l t  of these invest igat ions,  a definite dependence between the s t ruc ture  of the 
e lec t ron ic  cloud of the meta l  a tom and the nature of adso rben t - adso rba te  bond was revea led .  A coincidence 
of the f o r m s  of adsorpt ion  of ni tr ic  oxide on me ta l  and the corresponding cation was es tab l i shed  for  seve ra l  
of the meta l s ,  which speaks  for  the d i sc re t e  nature of the adsorpt ion cen te r s  on the meta l  sur face  and the 
par t ic ipa t ion  of its valence e lec t rons  in the fo rmat ion  of local  bonds with the adsorbed molecules .  

In connection with his  study of the m e c h a n i s m  of he te rogeneous  catalyt ic  reac t ions ,  Te ren in  made 
wide ranging applicat ion of IR spec t roscopy  for  elucidating the s t ruc tu re  of sur face  compounds fo rmed  due 
to ehemisorp t ion  and subsequent  chemica l  t r an s fo rma t ions  of molecules  on the ca ta lys t  sur face .  In this 
ca t egory  of specia l  impor tance  a r e  invest igat ions of the chemisorp t ion  of hydrogen and oxygen on meta l  ox- 
ides and invest igat ions with r e s pec t  to the adsorpt ion  and cata lyt ic  decomposi t ion of alcohol.  Recently,  the 
study of the v ibra t iona l  spec t r a  of adsorbed  molecu les  was also ca r r i ed  out in the Te ren in  l abo ra to ry  by the 
method of combined light d i spe r s ion  (Raskin, Persh ina) .  

The invest igat ion of the luminescence  of a ca ta lys t  in the oxidation of organic compounds in the gas 
phase  s e r v e s  as an example  of the optical  study of the phenomenon of ca ta lys i s  i tself .  This  f o r m  of lumi -  
nescence,  which is a ssoc ia ted  with the evolution of energy  in the f i r s t  stage of oxidation on the sur face  and 
i ts  t r a n s m i s s i o n  to the cen te r  of luminescence ,  was f i r s t  detected in the Te ren in  l abo ra to ry  by Kurbatov 
and subsequent ly  studied by Te ren i n  and Kachur [53]. 

At the s ame  t ime  that  he e labora ted  the m e c h a n i s m  of act ivat ion of molecu les  during contact  with a 
solid sur face ,  Te ren in  for  the f i r s t  t ime applied spec t r a l  methods for  studying the photoact ivat ion of a d s o r b -  
ed molecu les  and the i r  photochemical  reac t ions .  In par t icu la r ,  the photoionization of benzene molecules  in 
the adsorbed  s tate  under  the influence of quanta with energ ies  of values  one half  that requi red  for  ionization 
of benzene in the gaseous  state was detected by the method of optical  e lec t ronic  spec t roscopy  (Barachevskii)  
[54]. A lowering of the quantum ene rgy  causing ionization of the molecules  was also observed  during the 
adsorpt ion  of benzene de r iva t ives  and other  a roma t i c  hydrocarbons ,  during which it was shown that  the ioni-  
zat ion p r o c e s s  is not assoc ia ted  with the absorpt ion  of light by the adsorbent  lat t ice,  and p roceeds  as a r e -  
sult  of exci ta t ion of the adsorbed molecule  with subsequent  r e m o v a l  of an e lec t ron  by the e l ec t ron-accep t ing  
cen te r  of the sur face  (Kotov, Pankratov) .  In addition, applicat ion of the spec t r a l  methods permi t ted  de tec -  
t ion and invest igat ion of an ent i re  s e r i e s  of other photochemical  reac t ions  of adsorbed molecules ,  including 
those caused by sc i s s ion  of the valence  bonds. For  example ,  the photodecomposi t ion of adsorbed alcohol 
molecu les  to f o r m  unsatura ted  rad ica l s  under the action of light quanta which do not evoke d i rec t  photolysis  
Of alcohols under homogeneous  conditions (Kholmogorov) was studied by the EPR method.  The abil i ty of a 
number  of meta l  oxides to sens i t ize  photooxidation of alcohols and hydrocarbons  in the near  UV was de tec t -  
ed by IR spec t roscopy ,  and the m e c h a n i s m  of these  reac t ions  was invest igated (Filimonov). The decompo-  
si t ion of wa te r  and ammonium molecules  adsorbed on a luminum oxide was studied by manome t r i c  and m a s s -  
s p e c t r o m e t r i c  methods (Kotel'nikov) [55]. These  invest igat ions together  with the much e a r l i e r  inves t iga-  
t ions of Te ren in  and Fia lkovskaya  [56] devoted to the photoact ivat ion of adsorbed molecules  of pyridine 
were  an impor tan t  step in the development  of the pho tochemis t ry  of the adsorbed state of molecules .  

It is difficult in a shor t  rev iew to p resen t  the complete  picture  of the d ivers i f ied  scientif ic  act ivi ty  of 
Te ren in  for  whom was c h a r a c t e r i s t i c  an e x t r e m e l y  broad range of p rob lems ,  innovations,  d ivers i f ied  methods 
of investigation,  and constant  seeking for  new paths for  the solution of complex scientif ic p rob lems .  While 
being an eminent  spec ia l i s t  in the field of spec t roscopy  and pho tochemis t ry  of complex  organic  compounds,  
photosynthesis ,  photoe lec t ronics  of organic  semiconductors ,  and while working out p rob l ems  of the physical  
c h e m i s t r y  of sur face  phenomena,  Te ren in  at the same t ime  was deeply involved in organizat ional ,  sc ien t i f ic -  
social ,  and pedagogical  pursui t s .  For  m o r e  than ten yea r s ,  he was the scientif ic  d i r ec to r  of one of the 
l a rge s t  scient i f ic  depar tmen t s  of our country,  viz.,  the State Optical Inst i tute.  Te ren in  made a vas t  con t r i -  
bution to the development  of the optical  industry,  e spec ia l ly  in r ega rd  to the development  of the cons t ruc -  
t ion of indigenous spec t r a l  devices .  In his la t te r  yea r s ,  he d i rec ted  the scientif ic  Soviet with r e s p e c t  to 
photosynthesis  in the Academy of Sciences of the USSR and was a m e m b e r  of the edi tor ia l  s taff  of Soviet 
and fore ign journals  and r ep re sen ted  the Soviet Union in the commiss ion  on the s t ruc ture  and spec t roscopy  
of molecu les  of the Internat ional  Union of Pure  and Applied Chemis t ry  (IUPAC). Te ren in  was espec ia l ly  
in te res ted  in the t ra in ing of scientif ic spec ia l i s t s .  All his scientif ic and pedagogical  act ivi ty  was unceas ing-  
ly a s soc ia ted  with Leningrad Univers i ty  of which he was se lected a p r o f e s s o r  in 1932. In 1964, Teren in  
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organ ized  and headed the Depar tment  of Molecular  Biophysics  in the physica l  facul ty  of Leningrad State 
Universi ty .  Te ren in  c rea ted  the Soviet School of Spec t roscopis t s  and Photochemis t s .  

The scientif ic  s e rv i ce s  of Teren in  were  gTeatly e s t e emed  and honored both in the Soviet Union and 
abroad.  In 1932, he was se lected as a cor responding  m e m b e r  and in 1939 as an act ive m e m b e r  of the Acad-  
emy  of Sciences of the USSR. In 1945, a f te r  his  work in the field of photochemis t ry ,  he was awarded the 
f i r s t  degree  s tate  p r i ze .  His studies with r e spec t  to luminescence ,  molecu la r  spec t roscopy ,  and i n t e r m o l e -  
cular  t r a n s f e r  of ene rgy  were  awarded the Vavilov (1954), Chiamichian (Bolonsk Universi ty ,  1959), and Fin-  
zen (England 1964) gold meda l s .  Teren in  was se lected as an es teemed  m e m b e r  of the French  Society of 
Physica l  Chemis t ry  and the English Chemical  Society. He was awarded the Fourth Orde r  of Lenin, the O r -  
der  of Labor  Red P r e m i u m ,  the Order  of the Red Star, and other  medals .  In 1966, he was awarded the title 
Hero  of Social is t  Labor .  

T e r e n i n ' s  l abors  will a lways be a par t  of the golden fount of Soviet and world  sc ience .  
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