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LR s p e c t r o s c o p y  has  been  u s e d  p r e v i o u s l y  fo r  s t udy ing  a n u m b e r  of  n a t u r a l  and  s y n t h e t i c  w a x e s  [1-3] .  It 
has  been  shown tha t  p u r e  b e e s w a x  i s  r e a d i l y  iden t i f i ed  f r o m  the p r e s e n c e  in i t s  s p e c t r u m  of  s even  c h a r a c t e r i s -  
t i c  bands ,  whi l e  wax  tha t  has  been  b o i l e d  with  s o d i u m  c a r b o n a t e  and  i s  known a s  Pun ic  wax can  be d i s t i n g u i s h e d  
f r o m  b e e s w a x  by  the  p r e s e n c e  in i t s  s p e c t r u m  of  an a d d i t i o n a l  band  in the  1550-1610 c m  -1 r e g i o n  due to the  
s t r e t c h i n g  v i b r a t i o n s  of  i o n i z e d  c a r b o x y  g r o u p s  [1]. In the  c a s e  of a m i x t u r e  o f  wax  with t e r p e n o i d s  ( r e s i n s )  the  
i n t e n s i t y  of  the  bands  in the  r e g i o n  of a b s o r p t i o n  of  u n - i o n i z e d  c a r b o x y  g r o u p s  ( ~ 1710 c m  -1) r i s e s  [31. In the  
p r e s e n t  p a p e r  we c o n s i d e r  the  p o s s i b i l i t y  of  i den t i fy ing  b e e s w a x  and  i m p u r i t i e s  in i t i n  s a m p l e s  the a g e s  of which  
a m o u n t  to t h o u s a n d s  of y e a r s ,  i . e . ,  so  o ld  tha t  t hey  a r e  s t a b l e  to the  a c t i o n  of  n a t u r a l  cond i t i ons .  We s t u d i e d  
c h l o r o f o r m  e x t r a c t s  of  s a m p l e s  of  the  p a i n t l a y e r  t aken  f r o m  two i c o n s - " S e r g i i  i Vakkh" [ " S e r g i u s  and 
B a c c h u s  ~] ( ~ V I t h  cen tu ry )  and  "Svya tye¢  [ "Sa in t s" ]  ( ~ V i I t h  cen tu ry )  and  a F a y u m  p o r t r a i t  of  a woman ,  p a i n t e d  
in e n c a u s t i c ,  and  a l s o  s o m e  f r a g m e n t s  of  an t ique  m u r a l s  of  the  p e r i o d  f r o m  the  f i r s t  c e n t u r i e s  b e f o r e  o u r  e r a  
to  the  f i r s t  c e n t u r i e s  of  o u r  e r a  found in a r c h a e o l o g i c a l  e x c a v a t i o n s  in the  c i t i e s  of  R o m e  and  K e t c h ' .  

F i g u r e  1 shows  IR s p e c t r a  of e x t r a c t s .  The  s p e c t r a  show the  bands  c h a r a c t e r i s t i c  for  b e e s w a x  ([1] and  
F ig .  2a) a t  3200-3450 c m  -1 - the  s t r e t c h i n g  v i b r a t i o n s  of  h y d r o x y  g r o u p s  of  a l c o h o l ;  doub le t  a t  2850 and  2920 
c m  -1 - s t r e t c h i n g  v i b r a t i o n s  of CH g r o u p s ;  1740 and  1715 c m  -1 - s t r e t c h i n g  v i b r a t i o n s  of  t he  c a r b o n y l s  of  e s t e r s  
and  CO g r o u p s  of  u n - i o n i z e d  c a r b o x y l s  of  o r g a n i c  a c i d s ,  r e s p e c t i v e l y ;  doub le t  a t  1465 and  1475 c m  -1 - p l a n a r  
d e f o r m a t i o n  v i b r a t i o n s  of  CH g r o u p s ;  1175 c m  - i  -- s t r e t c h i n g  v i b r a t i o n s  of  C - O - C  g r o u p s ;  and  doub le t  in the  
720-730  e m  -1 r e g i o n  - n o n p l a n a r  s k e l e t a l  d e f o r m a t i o n  v i b r a t i o n s  of  l o n g - c h a i n  h y d r o c a r b o n s .  In the  s p e c t r a  
o f  the  c o m p o u n d s  i s o l a t e d ,  the  r a t i o  of  the  . i n t e n s i t i e s  of  t he  h igh-  and l o w - f r e q u e n c y  c o m p o n e n t s  o f  the  doub le t  
in the  720-730  c m -  r e g i o n  is  d i f f e r e n t  f r o m  whta t  it  i s  in the  s p e c t r a  d e s c r i b e d  by  Kiihn [1], which is  a p p a r e n t -  
l y  due to  a d i f f e r e n t  l eng th  o f  the  c h a i n s  of  the  c o m p o n e n t s  of the  compound .  

Some  d i f f e r e n c e s  f r o m  the  s p e c t r a  of  the  p u r e  wax  ([1, 2], F ig .  2a) a r e  obsez 'ved  in the  IR s p e c t r a  d -g ,  i. 
Thus ,  i n s p e c t r a d  and  e t h e r e  i s  a b r o a d  band  a t  ~ 1600 c m  -~, and in s p e c t r u m  g an a d d i t i o n a l  hand a p p e a r s  a t  
1510 c m  -1 with  a s h o u l d e r  a t  1540 c m  -1. S p e c t r u m  i d i f f e r s  p a r t i c u l a r l y  s t r o n g l y  f r o m  the  o t h e r s :  the  s h o u l d e r  
a t  1715 c m  -1 i s  a b s e n t ,  a new band  has  a p p e a r e d  a t  1380 cm -1, and  the  band  a t  1465 c m  -1 has  b r o a d e n e d .  Le t  
us  c o n s i d e r  the  p o s s i b l e  c a u s e s  o f  the  d i f f e r e n c e s  o b s e r v e d .  

S ince  the  a p p e a r a n c e  of  a n a r r o w  band in the  1570 c m  -1 r e g i o n  can  be e x p l a i n e d  by  the  v i b r a t i o n s  o f  
i o n i z e d  e a r b o x y  g r o u p s  ( s a l t s  of  f a t ty  a c i d s  in P u n i c  wax) [1], we have  a n a l y z e d  th i s  r e g i o n  in m o r e  d e t a i l .  The 
speet~ra of  the  s a m p l e s  i n v e s t i g a t e d  have a w e a k  b r o a d  band  in the  1600 c m  -1 r e g i o n  (Fig .  1, d, e).  I ts  a p p e a r -  
ance  m a y  be connec t ed ,  in p a r t i c u l a r ,  wi th  the  p r e s e n c e  in the  s u b s t a n c e  of  a nonsa l t  c ompone n t ,  fo r  e x a m p l e ,  
wi th  the  p r e s e n c e  of  s o m e  r e s i n  a s  an i m p u r i t y ,  a s  h a s  b e e n  o b s e r v e d  by o t h e r  a u t h o r s  who have  e x p l a i n e d  a band  
a t  1612-1615 c m  -1 by  the p r e s e n c e  in the  s a m p l e  of  the  a r o m a t i c  g r o u p s  o f  r e s i n  a c i d s  [1]. 

To c h e c k  t h i s  h y p o t h e s i s  we p r e p a r e d  and  i n v e s t i g a t e d  m i x t u r e s  o f w a x w i t h  r e s i n s  - d a m m a r  gum,  m a s t i c ,  
s a n d a r a c ,  and  r o s i n  (it is  known tha t  r e s i n s  migh t  be  a d d e d  to b e e s w a x  in a n t i q u i t y  [1]) - and  s t u d i e d  t h e i r  LR 
s p e c t r a .  A s  fo l lows  f r o m  Fig .  2b, the  IR s p e c t r u m  of  the  s u b s t a n c e  e x t r a c t e d  a f t e r  the  fus ion  of  b e e s w a x  with 
d a m m a r  gum in a r a t i o  o f  2 : 1 shows  a new band  a t  ~ 1600 c m  -1 which  was  a b s e n t  f r o m  the  s p e c t r a  of  the  p u r e  
b e e s w a x  and  d a m m a r  gum (F ig .  2a;  [4]). It i s  not  s een ,  e i t h e r ,  in the  s p e c t r a  of  m e l t s  of  the  wax  with  o t h e r  
r e s i n s .  In the  c a s e  of  s p e c t r u m  d the  a p p e a r a n c e  of  t h i s  band  i s  p r o b a b l y  c o n n e c t e d  with  the  v a r n i s h  c o a t i n g  
t h i s  p a r t  of the  icon.  D a m m a r  gum w a s  m o s t  p r o b a b l y  u s e d  fo r  c o a t i n g  ( s p e c t r u m  of  the  v a r n i s h ,  F ig .  2c),  but  
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Fig. 1. tR spect ra  of extracts :  a-e) f rom differ-  
ent par t s  of the icon uSvyatye,~ t) red fragment of 
a Fayum portrai t ,  g) f ragment  of the green back-  
ground of the icon ~Sergii i Vakkh,"; h) red orna-  
ment f rom a Roman mural ;  i) yellow Panticapean 
painting (Kerch').  
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Fig. 2. IR spectra:  a) pure beeswax; b} extract  from a 
melt of the wax with dammar  gum; c) coating varnish; 
d) green pigment f rom the icon mSvyatye." 

an accura te  identification of the substance is difficult because of the s imilar i ty  of the IR spectra  of res ins  [4, 5], 
although individual res in  acids have fair ly charac te r i s t i c  IR spectra  [6-8]. It may be assumed that in the p ro -  
cess  of coating the surface of the icon with varnish the wax was par t ia l ly  dissolved and mixed with the dammar  
gum. It is not excluded that painters  del iberately added some resin  to the wax. 

The appearance of a broad band at 1600 cm -1 in spectrum e must also apparently be connected with the 
presence  of res ins  in the sample. Thus, the spect rum of the green substance remaining af ter  the extract ion 
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of the wax f rom the paint  (Fig.  2d) is most  p robab ly  the s p e c t r u m  of a r e s ina t e .  It is t rue  that this  spec t rum 
d i f fe r s  f rom the IR s p e c t r a  of copper  r e s i n a t e s  p r e p a r e d  by the usual  method f rom copper  ace ta te  and ros in  or  
o ther  compounds [5, 9, 10]. At the same t ime,  s ince  copper  was found in th is  subs tance  by e m i s s i o n  s p e c t r a l  
a n a l y s i s ,  the 1590 cm -1 band must  be a s s i g n e d  to the v ib ra t i ons  of ionized carboxy  groups  p r e s e n t  in the p ig -  
meat .  On the b a s i s  of these  facts  it may be concluded that  the p igment  was a sa l t  of a r e s in  acid .  The p o s s i -  
b i l i t y  a l so  cannot be excluded that  the compound s tudied is not a t rue  pigment  but a product ,  fo rmed  in na tu ra l  
aging,  of the in te rac t ion  of the o r ig ina l  subs tance ,  for example ,  copper  ace ta te ,  with organic  ac ids  and, in p a r -  
t i c u l a r ,  with the f ree  fatty a c i d s  of the wax. 

Judging f rom the p r e s e n c e  in the IR spec t rum of the subs tance  i so la ted  f rom the Fayum p o r t r a i t  of a 
b road  band at  ~ 1600 cm -1 (Fig.  lf) ,  r e s in  was a l so  added to the wax in th is  case .  

The IR s p e c t r u m  g is most  s i m i l a r  to the spec t rum of Punic wax; since it conta ins  a band at 1500 cm -1 
with a shoulder  at 1540 cm -1, it may be a s s u m e d  that the subs tance  i so la ted  contains  as  i m p u r i t i e s  sa l t s  of 
fat ty ac ids  with meta l  ca t ions  [1, 8]. 

IR spec t rum h ~ has weak bands at 3540, 3400, 1680, 1620, 1110-1140, and 662 em -1 - in r eg ions  c h a r a c -  
t e r i s t i c  for  the absorp t ion  of gypsum [11]. Apparen t ly ,  minute p a r t i c l e s  of the m i n e r a l  component of the p ig -  
ment could not be comple t e ly  e l imina ted  f rom the wax. 

Spec t rum i d i f fe r s  somewhat  f rom the IR s p e c t r a  d e s c r i b e d  above. The p r e s e n c e  of c h a r a c t e r i s t i c  bands 
shows that it r e l a t e s  to beeswax.  The d e c r e a s e  in the in tens i ty  of the un reso lved  band at 720-730 em -1 and the 
absence  of a doublet in th is  region,  and a l so  the absence  of reso lu t ion  in the 1470 cm -1 region must  be expla ined  
by the pa r t i a l  de s t ruc t ion  of the long-cha in  hydrocarbon  components  of the wax. This  shows e i t h e r  a na tura l  
aging of the mo lecu le s  or ,  more  p robab ly ,  that in this  case  the wax was subjec ted  to some kind of t r e a t m e n t  be -  
fore  use.  

Thus,  we have shown that beeswax  is p r e s e r v e d  without app rec i ab l e  changes  for  an e x t r e m e l y  long t ime  
under  v e r y  d ive r s e  condi t ion and can be ident i f ied  by IR s pe c t r o s c opy  even in a r chaeo log i ca l  s a m p l e s  that  have 
been bu r i ed  for  about 2000 y e a r s .  The chemica l  s t ab i l i t y  of the wax has been r e p o r t e d  p rev ious ly  by ce r t a in  
au thor s  [1]. It has been e s t ab l i shed  that  paraf f in  waxes  [12], and even many l ip ids  which, in a number  of c a se s ,  
a r e  found in the bones of foss i l  an ima l s  [12, 14l, p o s s e s s  the same p rope r ty .  

E X P E R I M E  N T A  L 

Smal l  p i ece s  of the l a y e r  of paints  f rom the pain t ings  or  de ta i l s  of m u r a l s  were  ex t r ac t ed  with c h l o r o -  
form.  The r e su l t i ng  solut ion was f i l t e r e d  through a g lass  f i l t e r  and depos i ted  in d rops  on a p la te  of KBr.  The 
IR s p e c t r a  were  r e c o r d e d  in a P e r k i n - - E l m e r  257 ins t rument ,  which was c a l i b r a t e d  f rom the s p e c t r u m  of po ly -  
s ty rene .  The a c c u r a c y  of the m e a s u r e m e n t s  was =~2 cm -1. Quant i ta t ive  e m i s s i o n  s p e c t r a l  ana ly s i s  was 

c a r r i e d  out on an SP ins t rument .  

S U M M A R Y  

A n a l y s i s  of the IR s p e c t r a  of waxes i so l a t ed  f rom s a m p l e s  of pa in ts  f rom paint ings  dat ing f rom the Ist  to 
VIIth cen tu r i e s  of our  e r a  and f r agmen t s  of a r c h a e o l o g i c a l  antique m u r a l s  has shown that  in some c a s e s  the wax 
i so la ted  is pure  beeswax  and in o the r s  it contains  as  impur i t i e s  what a r e  p r e s u m a b l y  r e s in  ac ids ,  and a l so  s a l t s  
of fat ty ac ids .  The IR spec t rum of pure  beeswax e x t r a c t e d  f rom a f r agment  bur ied  for  2000 y r  is abso lu te ly  
ident ica l  with the spec t rum of modern  beeswax,  which shows the e x t r e m e  chemica l  s t ab i l i t y  of the wax. 
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