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The charge transfer complexes of naphthalene and some of its derivatives 
with some trinitro- and dinitrobenzenes are prepared and investigated by ir 
spectroscopy. The shifts in the bands due to functional groups as well as the "(cH 
bands of both donor and acceptor are found to be indicative tbr the type of 
bonding in the charge transfer complex. 

(Keywords: Charge tran.s~'er complexes, synthesis and IR-.spectra) 

Darstellung and IR-spelctroskopische Untersuehungen an Charge Transfer Kom- 
plexen yon au mit Di und Tri-nitrobenzolen 

Aus den Verschiebungen der Bandenlagen bei der Komplexierung, bzw. aus 
der Abhgngigkeit der Bandenlagen yen den funktionellen Gruppen, wird der 
Bindungstyp der Charge-Transfer-Komplexe ermittelt. 

Introduction 

Charge transfer complexes (C.T.C.) of trinitrobenzene derivatives 
with aromatic compounds were the subject of several investigations1-4. 
The tbrmation of molecular complexes of the C.T. type is generally 
favoured when the 

D + A , ~ D  . . . .  A ~ D  + . . . .  A 

donor molecule (D) has a low ionisation potential while the aeceptor 
molecule (A) has a high electron affinity. The reaction is thus facilitated 
when (D) has electron releasing substituents and (A) has electron 
withdrawing ones. These conditions were found to be fuIltilled with 
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symmetr ical  tr initrobenzen derivatives as acceptors and many  aro- 
matic compounds as donors. 

Reeentlya, the formation of (C.T.C.) between a series of aromatic  
amines and 3,5-dinitrobenzoie acid was reported. This investigation 
revealed tha t  the existence of three ni trogroups on the benzene ring is 
not a criterion for the formation of (C.T.C.). Thus, it seemed of interest 
to investigate the acceptor properties of some dinitrobenzene de- 
rivatives with various subst i tuent  groups viz 3,5-dinitrobenzoie acid 
(3), 3,5-dinitrosalicylic acid (4) and 2,4-dinitrophenol (5), As donor 
molecules, naphthalene and some of its derivatives with donor sub- 
st i tuents are used in vir tue of the lower u-ionisation potential  of these 
compounds in comparison to benzene derivatives G. For sake of com- 
parison, the C.T.C. of these donors with picric (1), and pieryl chloride 
(2) are also considered. 

Experimental 

All materials used were pure laboratory (B.D.H.) chemicals. The C.T.C. 
were obtained by mixing a hot solution of the donor (0.01 mo] in the least 
amount of hot ethanol) with an equivalent of the acceptor. The (C.T.C.) were 
either separated immediately or on standing; the soluble compounds were 
reeryst~llised from ethanoI while the insoluble ones were just reboiled with 
ethanol to ensure freeing from contaminations of unreaeted products. The 
compounds obtained displayed various colours depending on the donor and 
aeeeptor used. The products were then filtered off, dried and their melting 
points determined (C.f. Tab. 1 and 2). 

The it-spectra of the solid compounds were recorded on a Unlearn SP 1000 
infrared speetrophotometer applying the KBr wafer technique. The KBr used 
was finely powdered before mixing with the C.T.C. to minimise the time of 
grinding, thus avoiding the adsorption of the C.T.C. on the KBr surfaceT, s and 
preventing their decomposition to their components 9, 

Results and Discussion 

On considering the behaviour of the donor' molecules under in- 
vestigation, these compounds can be classified into two main groups. 
The first group comprises naphthalene (a), 1-methyl-naphthalene (b), ~- 
napht,hol (c) and ~-naphthol (d), while the second one includes ~- 
naphthylamine  (e) and ,$-naphthylamine (f). 

The behaviour  of each category is considered alone. The discussion 
of spectral shifts due to C.T.C, formation is mainly confined to the OH, 
N H  z, C = O, NO2 and "/ca ba.nds, since these display the most  obvious 
shifts~-4. 

C.T.C.  of  Naphthalene,  Methyl-naphthalene and c(- or ~-Napht]wl 

These four donor molecules are deprived of a basic centre and hence 
are capable of forming one type  of C.T.C. involving the ~--~* bonding. 
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Such an interaction takes place through the transfer  of an electron from 
the highest filled n-level on the donor molecule to the lowest vacant  ,~*- 
level on the aeeeptor one. Also, the possibility of intermolecular 
hydrogen bonding and n ~ *  transfer  in C.T.C. of naphthols  should be 
considered. 

The main changes in the spectra of the donor and acceptor 
molecules in the C.T.C. in comparison to the free component.s can be 
summarized as tbllows : 

(1) The "oH bands of the phenolic group still retain their existence 
though being slightly shifted to lower wave numbers  on C.T.C. 
fbrmation.  The increased electron density on the ring of the acceptor 
molecule in the C.T.C. favours the charge migrat ion from this ring t,o 
the NOs-groups hence leading to a stronger intramoleeular  hydrogen 
bonding with the phenolic OH-groups.  A similar behaviour  is observed 
fbr the carboxytic OH-group of 3,5-dinitrosMieylie acid 4. On the 
contrary,  for 3,5-dinitrobenzoie acid 3, the VOH band is shifted to higher 
wave numbers,  which originates f rom the destruction of the in- 
termolecular hydrogen bonding, existing in the solid lattice of 3 alone, 
through C.T.C. formation. The band of naphthols  is largely shifted to 
higher wave numbers  but  are 160 150cm -1 less than those of the 
nonbonded OH-group.  The shift of the '~ott band to higher wave 
numbers  is explained by the t ransformation of the dimers into mono- 
merle structures on C.T.C. formation.  

However~ the lower value in comparison to free OH-groups would 
originate from the increased charge migration from the OH-groups to 
the naphthalene ring as a result of C.T. from it to the aceeptor rnoleeule. 
Also the possibility of intermolecular hydrogen bonding between the 
OH- and NOs- or C = O-groups facing it on the acceptor molecule as well 
as n ,~* interaction might be the origin of the lower value for the '~oH 
band in the spectrum of the C.T.C. 

As a ma t t e r  of fact, C.T.C. of naphthols  have most ly  intense reddish 
to brownish colours contrary  to naphthalene and methyl  naphthalene 
which yield yellow compounds. The difference in colour is due to the 
existence of the OH-group,  which favours the interaction of the n-,~* 
type.  This lat ter  involves the transfer  of an n-electron from the OH- 
group to a vacant  ~*-level on NOz- or C = O - g r o u p  facing it on the 
aeeeptor molecule ~-a. 

(2) The C = O - b a n d  of 3 displays a shift to lower wave numbers  in 
case of a and b which is in accordance with increased charge density on 
the acceptor ring ; this increases the mesomeric interaction between the 
ring and the C = O-group. On the contrary  the C = O-band in the spectra 
of naphthol  C.T.C. are shifted to higher values which is characteristic of 
C.T.C. involving n-=* interaction s, 5. 
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The two C = O-bands in the spectrum of l ,  which was ascribed to the 
existence of two rotat ional  isomers, are turned to a single one in those of 
the C.T.C. I f  4 would behave in an identical manner  as 3, then the 
isomer characterized by the band at  1,695 cm -] would be only dominat-  
ing in the C.T.C. while the other isomer is no more existing. Accord- 
ingly, the naphthalene--3,5-dini t robenzoic acid and naphthalene--3 ,5-  
dinitrosalicylic acid C.T.C. can be formulated as follows: 

r 04 C / 0  171 

(3) The N Q - b a n d s  of all acceptors in the C.T.C. of this group of 
donors still retain their appearance in the simple compounds but  are 
slightly shifted to higher wave numbers.  The splitting of the asym- 
metric NO2-bands in case of some C.T.C. with 1, 2 and 8 becomes more 
obvious denoting a higher differentiation of the energy states of the 
NO2-groups. This behaviour  was observed previously with C.T.C. of 
aniline derivatives with some trinitrobenzenes a, 4. 

(4) The Yell bands of the acceptor molecules are shifted to lower 
wave numbers  whereas those of the donor molecules are displaced in the 
opposite direction, This shifts are indicative for ~-~* interaction z,4,5 
leading to a decrease of the electron density on the naphthalene ring 
and its increase on tha t  of the nitro compound. Although the magni- 
tude of the shift is not very regular, yet  the following order may  be 
given : 

(i) For  one and the same acceptor, the shift in the YcH band of the 
donor molecule increases in the direction: naphthalene < methyl  
naphthalene  < a~naphthol < ~-naphthol. 

(ii) For  one and the same donor, the shift in the YCH band of the 
acceptor follows the order: Picryl chloride > picric acid > 3,5- 
dinitrobenzoie acid > 3,5-dinitrosalieylie acid > 2,4-dinitrophenol. 

Accordingly, the magni tude of the shift in the position of the Ycg 
band depends on the donor and aceeptor character  of the reacting 
components.  The shift tends to be higher as the donor character of the 
naphthalene derivat ive increases and as well with increased aeceptor 
character  of the nitro compounds. The compounds formed can be 
generally represented as follows: 

X . . . . . . . . . . . . . .  NO2 

Z ~ NO 2 
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1 2 3 4 5 

Z NO~ NO2 COOH COOH H 
Y C1 OH H OH OH 

(for X = OH, n =* and intermoleeular hydrogen bonding can take place). 

C.T.C. of Na29hthyla,mine~' 

The C.T.C. obtained with naphthylamines  have either reddish or 
yellowish colour depending on the aeceptor and position of' the NHy- 
group in the amine (Tab. 1). The spectra of the reddish compounds can 
be considered as superposition of those of the free components  and 
display the band shifts characteristic of the ~ =*, the n-=* transit ions 
and intermolecular hydrogen bonding. The spectral shitgs are more or 
less identical to those of amines with low basicity with pierie acid a, 4 or 
3,5-dinitrobenzoic acid 5, which reveals the formation of (C.T.C.) of the 
molecular complex type.  This type  of interaction would also be 
analogous to tha t  in case of naphthols.  

The spectra of the yellow compounds on the other hand, display 
drastic changes in comparison t,o the simple consti tuents which can be 
summerized as follows: 

(1) The ~<I~ bands within the (3,400 3,200 cm -1) and the SNH2 band 
near 1,635 em -1 as well as the "oH bands of the phenolic group in 
aceeptors 1, 4 and 5 or of the COOH-group of aceeptor 3, are no more 
observed in the spectra of the C.T.C. being replaced by those due to the 
NH3§ within the 3,000-2,500cm -1 ('xn~§ and 1,500 1,450em -1 
(SNH3+)I~ This behaviour  indicates tha t  the yellow compounds belong to 
C.T.C. of the salt type.  

(2) The asymmetr ic  NO.)bands display a less asymmetr ic  ap- 
pearance being most ly  shifted to higher wave numbers.  The more 
symmetr ical  envelope denotes tha t  the NOg-groups became more or 
less the same energy after proton transfer  and the destruction of 
intermoleeular hydrogen bonding between the NO 2- and oH-groups .  
The symmetr ic  N Q - b a n d s  are shifted slightly to lower wave numbers.  

(3) For aceeptor 4, the C = O-band at 1,695 em -1 are shifted to higher 
wave numbers  in comparison to the free component.  This shift denotes 
tha t  the COOH-group retains its ident i ty in the C.T.C. and tha t  the 
phenolic group is the acidic centre part icipat ing in the proton transfer 
and salt formation.  The shift of the C = O - b a n d  to higher values 
indicates tha t  the interaction between the C = O- and OH-centers of the 
COOH-group is lowered probably  through the formation of an in- 
t ramoleeular  hydrogen bond between the carboxylie OH-group and the 

75 Monatshefte fflr Chemie, Vol. 111/5 
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phenolate  ion. Thus the s tructure of the 3,5-dinitrosalieylic acid in t, he 
C.T.C. of the salt type  would be as follows: 

o/H- - .O - 

N0 z 

The C = O-band of aceeptor 3 displays varied behaviour depending 
on the amine used. For  ~-naphthylamine C.T.C., the band shifts to 
higher wave numbers  indicate tha t  the COOH-group retains its identi ty 
in the C.T.C., which thus involves ~-s* and n-s* interaction. The C.T.C.  

of ~-naphthylamine with 3 is of proton transfer  type and the C = O- 
band is largely shifted to lower wave numbers.  

(4) The Yes bands of the naphthylamine  component  are shifted to 
higher wave numbers,  while those of the acceptors are shifted to lower 
values. This behaviour  is characteristic of the s-s* interaction which is 
expected in addition to the electrostatic forces between the phenolate 
and NH3+-ions. Thus the formation of the C.T.C. of the salt type may  
be formulated as follows: 

OH * . . . . . . . . . .  O- 

N02 NO 2 
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