
7. G . B .  Bokii, Crys ta l  Chemis t ry  [in Russian] ,  Nauka (1971). 
8. N .G .  Bokii, A. I. Yanovski i ,  Yu. T. Struchkov, N. F. Shemyakin, and L. I. Zakharkin,  Izv. Akad. Nauk 

SSSR, Ser.  Khim.,  1978, 380. 
9. N . G .  Furmanova ,  A. L Yanovskii ,  Yu. T. Struchkov, V. I. Bregadze,  N. N. Godovikov, A. N. Degtyarev,  

and M~ I. Kabachnik,  Izv. Akad. Nauk SSSR, SCr. Khim.,  1979, 2346. 
10. D. Voet and W. N. Lipscomb,  Inorg.  Chem.,  3_, 1679 (1964). 
11. N . I .  Kir i l lova,  M. Yu. Antipin, Yu. V. Got ' tyapin,  Yu. T. Struchkov, and V. I. Stanko, Izv. Akad. Nauk 

SSSR, Ser. Khim.,  1978, 859. 
12. Yu. V. Zef i rov  and P. M. Zorki i ,  Zh. Strukt. Khim.,  17, 994 (1976). 

T H E R M O C H E M I C A L  P R O P E R T I E S  O F  ~ - N I T R O  D E R I V A T I V E S  

O F  F U R A N  

A.  A .  B a t e p i n ,  V.  P .  L e b e d e v ,  
A .  A .  K u z n e t s o v a ,  K.  K.  V e n t e r ,  
D.  O.  L o l y a ,  a n d  Y u .  A .  L e b e d e v  

M. A .  T r u s h u l e ,  
UDC 541.11 : 547.722.5 

The l i t e ra tu re  contains data on the t he r mochemica l  p rope r t i e s  of furan  and a few of i ts  de r iva t ives  [fur-  
fural ,  2 - fu ry l  alcohol,  1- (2- fury | )e thene ,  2 - fu rancarboxy l i c  acid, and 3 - (2 - fu ry l ) ac ry l i e  acid]-[1-3].  

The t he rmo chem i ca [  p rope r t i e s  of ni t ro de r iva t ives  of furan,  widely used in medic ine  and v e t e r i n a r y  
medicine,  haveno t  been studied. In the p r e s en t  paper ,  we have  m e a s u r e d  the s tandard  enthalp~.es of fo rma t ion  
of 2 -n i t ro fu ran  (Ia), 5 -n i t ro fu r fu ra l  (Ib), 5 - n i t r o - 2 - f u r f u r a l  d iaceta te  (Ic), methyl  5 -n i t r o -2 - fu r anca rbo x y l a t e  
(Id), and 3 - ( 5 - n i t r o - 2 - f u r y i ) a c r o l e i n  (Ie) in condensed and gaseous  s ta tes .  The s tandard  enthalpy was d e t e r -  
mined only in the condensed s ta te  for  5 -n i t r o fu r an -2 -ca rboxy l i c  acid  (If), 3 - ( 5 - n i t r o - 2 - f u r y l ) a c r o l e i n  diaceta te  
fig), furac i l in  2 - fu r fu ry l i denesemica rbazone  (Ih), 5 - n i t r o - 2 - f u r a m i d e  (Ii), and methyl  5 - n i t r o - 2 - a c e t o x y - 2 , 5 -  
d thydro -2 - fu ranca rboxy la t e  (lib). For  compar i son ,  the t he rmochemica l  p a r a m e t e r s  were  de te rmined  for  furans  
which w e r e  not studied c a l o r i m e t r i c a l l y  previous ly ,  namely,  2 - fu r fu ra l  d iaceta te  (l j), methyl  2 - fu ranca rboxy l -  
ate (Ik), and 3 - (2 - fu ryDac ro l e in  (II), and for  the adduct  of 2 - fu r fu ra l  d iaceta te  and acetyl  n i t ra te  5 -n i t r o -2 -  
a c e t o x y - 2 , 5 - d t h y d r o - 2 - f u r f u r a l  d iace ta te  (IIa) (Tables 1 and 2). 

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

The heats  of combust ion ( -  AUb,) we re  de te rmined  on a setup [5] with an energy  equivalent  of 1277.7 =e 0.2 
k c a l / ~  accord ing  to [6]. During ca l ib ra t ion  of the c a l o r i m e t e r ,  a CGH~COOH s tandard  was  used, whose heat  of 
combust ion was 6318.1 c a l / g  a t  25~ with weighing in vacuo. Succinic acid was used as the secondal"y s tandard  
subs tance  during ca l ib ra t ion  of the c a l o r i m e t e r .  

Table ts  of the subs tances  we re  weighed with a p r ec i s ion  of • 0.01 mg with subsequent  reduct ion of the 
weight to vacuum. They were  ignited with a cu r r en t  pulse fed f r o m  a spec ia l  device via  a Pt ~ r e .  A degree  
of combust ion  with r e s p e c t  to carbon g r e a t e r  than 99.94% was moni to red  by the genera l ly  accepted  Ross in i  
p rocedure .  In accordance  with the s tandard  p rocedures ,  c o r r e c t i o n s  were  in t roduced for  the hea t  of fo rmat ion  
of HNO 3, for  the hea t  r e l e a s e  due to auxi l ia ry  subs tances ,  for  the hea t  t r an s f e r  between the c a l o r i m e t r i c  v e s s e l  
and the shel l ,  for  the i so the rma l i t y  of the combust ion p r o c e s s ,  etc.  In the m e a s u r e m e n t  of the heat  of combus -  
tion, the a r i t hme t i c  mean  value was taken a s  i ts  m o s t  p robab le  value.  The e r r o r  of the m e a s u r e m e n t s  was 
ca lcula ted  as  the g e o m e t r i c  mean,  and the Student coeff icients  we re  taken f r o m  [7] in r e l a t ion  to the chosen 
value of the confidence probabi l i ty  (0.95) and the number  of runs .  Proceeding  f r o m  the equations of the c o m -  
bustion r eac t ions  in oxygen, e.g. ,  

C4H3NO 3 q- 3,25 O 2 ~ 4C02 -~ ~,5H20 ~- 0,5 N 2 

and taking the hea ts  of fo rmat ion  of CO 2 and H20 to be -94 .052  and -68 . 317  k c a l / m o l e ,  we found the enthalpies  
of fo rmat ion  of the inves t iga ted  subs tances  (see Table 1). 

Inst i tute  of Chemica l  P h y s i c s '  Academy  of Sciences  of the USSR, Moscow. Inst i tute  of Organic  Synthesis,  
Academy of Sciences of the Latvian SSR, Riga.  T rans la t ed  f r o m  Izves t iya  Akademii  Nauk SSSR, Seriya Khimi-  
cheskaya,  No. 4, pp. 848-851, Apri l ,  1980. Original  a r t i c l e  submit ted  F e b r u a r y  21, 1979. 
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TABLE 2. Enthalpy of Vapor iza t ion  (AH* v) and Standard 
Enthalpy of Fo rma t ion  in the Gas Phase  [AH~ of the Furan  
Der iva t ives  

Compound 

(In) 
(Ib) 
(lc) 
(Jd) 
0e) 
(Ij) 
(Ik) 
(IZ) 
(rib) 

Determination of the enthalpy of vaporization 

[ temperature * 
/ range, "C ,~ v,~/r)* kZ~cal~'rnole 

4+25 
10+30 
t5+4,5 
30+69 
45+65 
20+50 

t6~-40 
69+90 

t2,75-3935,9/T 
9,97-41,60,9/T 

i6,60-6601,8/T 
15,04-5448,7/T 
11,25-5128,6/T 
16,77-5734,9/T 

10,91--3967,2/T 
10.35-4659, I/T 

18,0• 
t9,0• 
39,2• 
24,9• 
23,4• 
26,2• 
40,8• 
t8,2• 
2i,3• 

-~H~f(g), 
kcal/mole 

6,9• 
35,2• 

t84,4-+0,6 
87,7• 
15,5• 

i84,7• 
~f 96,8+0,5 

25,3• 
307,2• 

*Adopted notation: P(1/T)  is  the re la t ion  of the sa tu ra ted  
vapor  p r e s s u r e  (P, to r r )  to the t e m p e r a t u r e  (T, ~ ) .  
$Att~ for  the compound (Ik) was de te rmined  by d i rec t  ca lo r i -  
m e t r y  accord ing  to [4]. The enthalpies of vapor iza t ion  were  
r educed  to 25~ on the basis  of the approximat ion  of Rae and 
Mason [4]. 

The entha[pies of vapor iza t ion  (AH~ were  de te rmined  by the Knudsen effusion method [8] on the basis  of 
m e a s u r e m e n t  of the re la t ion  of the sa tu ra ted  vapor  p r e s s u r e  to the t empera tu re ,  for which the modified setup 
desc r ibed  in [6] was used. The expe r imen ta l  data we re  t r ea ted  by the method of leas t  squares .  The obtained 
re la t ions  of log P ( l /T )  and the enthalpies of vapor iza t ion  calculated f r o m  them a re  given in Table 2. 

See [9-13] for  the methods of synthes is  and conf i rmat ion  of the s t ruc tu re  of the inves t igated f a ran  de r iva -  
fives. The s amp le s  of the compounds w e r e  pur i f ied by r epea ted  crys ta l l iza t ion ,  and the pur i ty  was moni tored 
by th in - layer  ch romatography  [14] and, in two cases  [compounds (Ic) and (Ij), see  Table 1], by a modified 
method of mel t ing  cu rves  [15], for  which the amount  of the impur i ty  was -<0.2 mole  %. 

C O N C L U S I O N S  

1. The s tandard  enthalpies  of combust ion of 14 furan der iva t ives  (including 11 a - n i t r o - s u b s t i t u t e d  furan 
der iva t ives)  were  de te rmined  by a s e m i m i c r o  c a l o r i m e t r i c  method for the f i r s t  t ime.  

2. The s tandard  enthalpies of vapor iza t ion  of nine furan  der iva t ives  we re  de te rmined  by the Knudsen ef-  
fusion method. 

3. The s tandard  enthalpies of fo rmat ion  of the invest igated subs tances  were  de te rmined  in the condensed 
and gaseous  s ta tes .  
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E S T I M A T I O N  O F  T H E  P O L A R  I N T E R A C T I O N  

B E T W E E N  S U B S T I T U T E D  N I T R O B E N Z E N E S  A N D  A N I T R I L E  

S T A T I O N A R Y  P H A S E  A N D  S O M E  A S P E C T S  O F  T H E  U S E  

O F  T H E  H A M M E T T  E Q U A T I O N  

Y u .  N. A r s e n ' e v  a n d  R .  V.  G o l o v n y a  UDC 541.124 : 543.544.45 : 
547.547 

The use  o f  co r re l a t ion  equations [1, 2] in gas  ch romatography  has  signif icantly extended the poss ib i l i t ies  
of this method and the amount  of informat ion  which i t  provides .  For  example ,  the logar i thm of the re la t ive  r e -  
tention t ime  for  a lkylbenzenes  and the ~ constants  for  the subst i tuents  a r e  r e l a t ed  by a modified Hammet t  r e -  
lationship,  i .e . ,  the Y u k a w a - T s u n o  equation [3]. The g a s - c h r o m a t o g r a p h i c  behavior  of a s e r i e s  of al iphatic 
compounds is  desc r ibed  by the H a m m e t t - T a f t  equation [4, 5], which takes account  of the inductive and s t e r i c  
effects  of the subst i tuents .  An additive scheme  for  calculat ing the re tent ion  indices of ~ ,w-subs t i tu ted  a lkanes  
has  a lso  been re f ined  with the help of this equation [6]. 

The act ivi ty  coeff ic ient  or  excess  f r e e  energy  [7] p rovides  a quanti tat ive m e a s u r e  of the reac t iv i ty  of a 
s o r b a t e - s t a t i o n a r y  phase  s y s t e m  in the descr ip t ion  of an equi l ibr ium chromatograph ic  p roces s .  In par t i cu la r ,  
i t  has  been es tab l i shed  that there  is  a l inear  re la t ionship  between these  the rmodynamic  functions and the sub-  
s t i tuent  constants  in the case  of subst i tu ted  phenols,  ani l ines [8], and al iphatic  alcohols [4]. However,  in the 
case  of t he rma l ly  labile compounds,  such as subst i tu ted n i t robenzenes ,  for  example,  i t  is difficult to c a r r y  out 
such an ana lys i s  s ince  the calcula t ion of the act ivi ty  coeff ic ients  and excess  f r e e  energ ies  i s  not accura te .  

I t  may be postula ted  that  when subst i tu ted  n i t robenzenes  a r e  subjected to GLC on an XE-60 n i t r i les i l icone  
phase,  the separa t ion  p r o c e s s  is  mainly  de te rmined  by polar  in te rac t ions ,  i .e . ,  orientat ion,  inductive, and spe -  
cific in te rac t ions .  In this case ,  i t  would be expected that there  would be a co r re la t ion  between the Hammet t  (r 
constants  and the p a r a m e t e r s  which c h a r a c t e r i z e  the polar  in te rac t ions  between the so rba te  and the s ta t ionary  

phase. 

In the p r e s e n t  work,  a new p a r a m e t e r  A (~Ii,j), which is  p ropor t iona l  to the di f ference in the polar  con t r i -  
butions to the d i f ferent ia l  mo la r  f r ee  energ ies  of sorp t ion  for  two subs tances  and which is  calculated f r o m  
their  re ten t ion  indices ,  is  proposed.  The GLC behavior  of subst i tu ted n i t robenzenes  on me thy l -  and n i t r i l e -  
s i l icone s ta t ionary  phases  and also the dependence of A (~Ii,j) on the Hammet t  ~ constants  have been inves t i -  

gated. 

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

The inves t igat ions  w e r e  c a r r i e d  out on m -  and p -subs t i tu ted  de r iva t ives  of n i t robenzene  containing the 
groups:  CH s, OH, NH 2, NttCH s, CI, Br, I, and NO 2 (Table 1). The reagen t s  employed were  of "pure"  and "pure  
for  ana lys i s "  g rades  obtained f r o m  Russ ian  p roducers .  1 ,3 ,5 -Tr in i t robenzene  and 2 ,4 ,6- t r in i t ro to luene were  
synthes ized  using the methods desc r ibed  in [9, 10] and twice r e c r y s t a l l i z e d  f r o m  ethanol. The t e m p e r a t u r e s  at  
which these  compounds solidif ied did not differ  by m o r e  than 0.5~ f r o m  the values  ci ted in the l i te ra ture .  
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