
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Energetic Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713770432

Resonance-assisted hydrogen bonds in nitrobenzenes
De-Chun Zhanga; Yan-Qui Zhanga

a Department of Chemistry, Suzhou University, Suzhou, P.R. China

To cite this Article Zhang, De-Chun and Zhang, Yan-Qui(1997) 'Resonance-assisted hydrogen bonds in nitrobenzenes',
Journal of Energetic Materials, 15: 2, 205 — 216
To link to this Article: DOI: 10.1080/07370659708216084
URL: http://dx.doi.org/10.1080/07370659708216084

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713770432
http://dx.doi.org/10.1080/07370659708216084
http://www.informaworld.com/terms-and-conditions-of-access.pdf


RESONANCE-ASSISTED HYDROGEN BONDS IN NITROBENZENES § 

De-Chun ZHANG' and Yan-Qiu ZHANG 

Department of Chemistry, Suzhou University, Suzhou 215006, P.R.China 

ABSTRACT 
Based on crystal structural data of 155 substiited nitrobemenes. 

geometries of intramolecular hydrogen bonds were examined, which strongly 

suggested that the hydrogen bonds were enhanced by the resonance which 

exists in the conjugated system. The atomic partial charges calculated at STO- 

3G level and other experimental data confirmed also the phenomenon. 

l" 

Nitrobenzene and its derivatives are a class of compounds, important in 

industry, chemistry and biology. They are also important military and 

commercial explosives. This class of compounds could be divided into two 

subclasses according to whether or not there is alpha CH linkage. They 

behave quite differently in impact experiment and thermal decomposition 1. 

i h e  subclass with no alpha C-H linkage consists of mostly nitroanilines 

5 Part of this work was perfermed at Max-Planck InstiM her Kohlenforschung at 
Muelheim an der Ruhr, Germany, on an occasioin of a qbbatical leave. Many thanks 
are due to the people there for supporting the work. 

Journal of Energetic Materials Vol. 15,205-216 (1997) 
Published in 1997 by Dowden, Brodman & Devine, Inc. 

205 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
5
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



and nitrophenols, some of which are well known thermal stable explosives (e.g. 

1,3,5-triamino-2,4,6-trinitrobenzene ,TAT8 ). The difference in their properties 

must be originated from their structures, particularly molecular structures. In 

this respect, intramolecular hydrogen bonding is an important factor to be 

considered. Reported in this communication is the detailed study on 

intramolecular hydrogen bonding geometries, ab initio atomic partial charges 

and acidity of the invovled H atoms in this class of compounds. The device of 

Resonance-Assisted Hydrogen Bond (RAHB), developed by Gilli and co- 

workers 213 to study the covalent nature of strong homonuclear hydrogen bond 

in a system of x-conjugated double bonds, was employed and the 

characteristics could well be rationized in this class of compounds in which the 

intramolecular hydrogen bonds are either homonuclear (0- H . - -0) or 

heteronuclear (N-H-0) and the K - conjugated system is based on a benzene 

ring. - 
A search for nitrobenzene crystal structures was done on the CSD4 

(1991 release) with the following criteria. In the structure there should be: 1). 

only one benzene ring and no other ring; 2). at least one nitro group directly 

attached to the benzene ring; 3). no other element than C, H, N, 0, F, CI, Br, 

1. Besides, the structure must be fully determined and disorder-free. 

Structures containing complicated substitutent or COOH group were excluded 

so that attention could be focused on the function of the nitro group. The 

database thus obtained consists of 155 structures in which there are a total of 

289 nitro groups 5. 
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Table  I .  Intramolecular Hydrogen Bonding in Nitrobenzenes 

No. 

I 

2 
3 

4 

5 

6 

Refcodes 

ON I TAN 
Groupa 
4 5  

dl 
(A) 

1.371 
I. 350 
1.352 
I. 339 
I. 340 

1-312 

1.323 

1.317 

1.315 

I. 319 

I .  309 

1.319 

1.311 

1.313 

1.320 

62 
(A) -. 060 

.023 

.019 

.037 

6 4  
(A) 
007 
025 

* 025 
.012 
* 007 
.001 
.028 

-.001 -. 008 

R 
2.666 
2.630 
2.621 
2.609 
2.620 
2.626 
2.616 
2.717 
2.621 
2.520 
2.585 
2.518 
2.602 
2.591 
2.516 
2.608 

6e 
(e l  

.027 

.045 

.034 
-030 
.037 
.036 

1 
(" 1 
2 . 2  
3.7 
4.3 
8.1 
5.3 
8.7 
22.5 
44.5 
2- 4 
3.7 
5.0 
3.7 
6.0 
17.2 
5.5 
22.7 

6 

QQQFNGOZ 
CUZDEG 

NO2 * 039 

051 

* 053 
* 073 

-057 

-061 

TN I OAN 
TNITAN 
DATNBZ 

NH2 NO2 

NH2 NO2 

NH2 NO2 

NO 2 

NO2 

NO2 

006 
* 006 

-.021 
-.015 

NO2 

NHZ .008 
* 056 
.048 

,047 

.058 

* 048 
.001 7 BEWYOR Nff2 NO2 NH2 NO2 F .a63 

043 - 0 1 1  
2.509 
2.491 

5.5 
3 . 3  
3.4 
3.3 
0.7 

TATNBZ NHZ NO2 NH2 NO2 NH2 8 
2.484 
2.507 
2.480 
2.502 
2.492 
2.535 
2.751 
2.586 
2.504 

a025 2.606 
-021 2.622 

- S O 0 8  2.662 
2.657 
2.635 
2.918 
2.622 
2.635 
2.657 
2.574 
2.644 
2.601 
2.777 
2.610 
2.590 
2.557 
2.594 
2.609 
2.559 
2.610 
2.587 

-.012 2.607 

3.4 
0.7 

15 .5  
54.8 
8.9 

15.5 
5. I 

BAKL I 1 NH2 NO2 NHZ NO2 OH 9 

FMAN I L 
MBDNAN 
MNIAANOI 

V NO2 
V NO2 
K 

CF3 

B r  
CH3 

10 1.322 
1.339 
1-320 
I * 397 
I. 399 
I - 400 
1.410 
1.363 
I * 169 
1.195 
I .  327 
1.331 
1.335 
1.410 
I. 329 
I. 339 
I. 337 

* 076 
054 
.013 
-018 
.020 
.008 

-.001 
* 007 
a 055 
. 0 0 5  -. 004 
* 068 
.046 
-014 
.045 
.010 
. 0 0 7  
.008 
.021 
.021 
.009 
.024 

.021 
* 032 
.051 

6- I 
5.9 

12.3 
18.0 
7.6 

CH3 I I  
12 

-.Ill2 
L O O 9  -. 022 
,002 

MNlMNOZ 
MNI AAN 10 
CUNTOU 
CUNVA I 
DIXDUJ 
BDNFAN 
IAKJOU 

K 
K xz 

X2 
x3 
XI NO2 
X4 NO2 

CH3 
CHI 

13 
14 
1 5  
16 

44.4 
0.0 
3.0 
19.0 
4.3 
11.6 
1.2 

38.5 
2.8 

NO 2 
CF3 
NO2 

-. 009 
.018 
* 020 

, 0 1 5  
.011 17 

I8 
19 

X5 NO2 
X6 
OH 
OH NO2 
OH 
OH 
OH 
OH 
OH 

NO2 
NO2 

20 
21 
22 
23  

* 066 
.069 

.050 
-073 

.072 

2.4 
3.5 
2.2 
2.6 
3.5 
0.8 
0.8 

-016 
.017 
.035 

NO2 
NO2 
CH3 
c1 
c t  

24 
25 
26 
27 

1.331 

1.354 
I - 343 
1.329 
I 342 28 
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a: 

- 

29 CDNPOL OH Cl NO2 
30 BDNPOL OH Br NO2 
31 PICRAC OH NO2 NO2 

32 PlCRAClI OH NO2 NO2 

33 BAKLll OH NO2 NH2 NO2 NH2 
34 BOCNEM OH NO2 NO2 OH 

. 333  -036  .008 , 037  2.558 -074  5. I 
9.4 6333 -012  -027 - 0 1 3  2.599 

-312  -005 a022 ,026 2.553 -067  7.3 
1.9 -358 -002  m 0 1 5  ,030 2.555 

-309 -024  .Ol3 a 0 1 5  2.580 8.9 
a369 -024  -000 .041 2.537 2.7 
- 3 3 2  -041 - 0 5 3  , 036  2.486 8.9 
.326 -032 - 0 1 1  -018  2.593 

1.326 -032 - 0 1 1  ,018 2.593 
35 BAFLEZ CH3 NO2 Cl 1.501 -012 - 0 0 1  - a 0 1 8  2.808 -.DO8 58.2 
36 CMNBENIO CII3 NO2 CL CHJ 1.523 -074  - a 0 1 8  -012 2.807 -004 86.0 
37 DONCOS CH3 NO2 CHI NO2 T ’  1.502 3.052 84.3 

1.518 3.027 77.8 
38 DOHCOSI 0 CH3 NO2 CH3 NO2 T I .  502 3.052 84.3 

1.518 3.027 77.8 
39 DOHCUY CH3 CH3 CH3 NO2 T 1.512 .015 -.009 3.050 79.9 
40 DOHCUYIO Cl13 CH3 CH3 NO2 T 1.510 -.002 -006 3.031 79.9 
41 FULYEQIO CH3 CH3 CHJ CH3 NO2 1.516 -.023 -000 2.981 57.9 

I .  507 -.020 - S O 1 6  2.971 58.3 
42 NlBZltL CHO 1.490 -005 -SO06 2.701 -001 27-6  

75.2 43 TNOXYL CHI NO2 CH3 NO2 1.495 .010 -.005 . O D 0  2.834 
1.495 - 0 1 0  -a005 a 0 0 0  2.834 72.0 

44 ZZZMUCO] CH3 NO2 NO2 1.505 - 0 3 6  -.006 -.035 2.849 -.OOO 51.8 
.026 -.053 -.004 2.925 -.012 60.1 

45 NOMESL CH3 CH3 CH3 66.5 
46 SAZHAC CH3 NO2 CH3 CHI CHI 90.0 
47 PMNTBZ CH3 CH3 CH3 CHI CH3 86. I Symbols in column Croups lists substitute groups in t h e  positions 2 to 6 
with short notation: X I  NH-C(CHI)S, XZ NH-N=C(CHJ)COCH3, X3 NHCOCH3, X4 
N H - N H Z ,  X5 NH-COOCZH5, x6 NH-N=CH-C2H5, K NHCOCHJ, T C(CH3) 3, V NHCHJ and 
blank f o r  H atom. In position 1 there is always a N02. 

208 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
5
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Fig. 1 Resonance-Assisted Hydrogen Bond in Nitrobenzenes 
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dco 

1.4 - 

1.35 - 

1.3 I , I I I I 1 I I I I I 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  
M a  

Fig. 2 A scatter plot of pKa versus d,, 
in ortho-substituted phenols 

(x: nitrophenols) 
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- 
In a total of 155 structures, there are 34 structures in which at least a 

hydrogen-bond donor group such as NH 2 or NHR (subclass 1) and OH 

(subclass 2), is directly attached to the benzene ring and ortho- positioned to a 

nitro group. Int6molecular hydrogen bond was found in all the structures with 

no exception. There are also 25 structures in which there is a hydrogen-bond 

donor group but not directly attached to the benzene ring (subclass 3) and 13 

structures in which a CH3 group is directly attached to the benzene ring and 

oftho- positioned to the nitro group (subclass 4). 

For subclass 3, possible intramolecular hydrogen bonding geometry was 

also examined and intramolecular hydrogen bonds were found in these 

structures, but not listed in table 1 because no resonance was found. For 

subclass 4, an attempt was made to search the weak intramolecular 

hydrogen bond between C SP 3 - H and 0 in nitro group 6, but none was 

found. In subdass 4, the nitro group makes a large diedral angle ( in table 1) 

with benzene ring, showing no sign of forming a system of Ir-oonjugated 

double bonds. The average value is 68.4., that is, the plane of NO 2 group is 

more or less perpendicular to the best plane of benzene ring 7. Instead, one 

of the hydrogen atoms in CH3 is approximately equidistantly positioned to two 

oxygen atoms in NO 2 group. 

The main results were listed in table 1. The column Group listed 

substituents in position 2 to 6. In position 1 there is always a NO2 group. For 

the meanings of the symbols in table 1, see fig.1. d 1 is the bond length 

between the donor group and its attached ring carbon atom involved in 

intramolecular hydrogen bonding. Donor group could be OH or NH 2 or NHR 
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or CH 3. R is the contact distarlce between the two electronegative atoms 

involved. The 7 is the dihedral angle between the best planes of benzene 

ring and NO 2 group involved in intramolecular hydrogen bonding. All the other 

columns listed the differences: d2 = d2 - d2' ; d3 = d3' - d3 and d4 = d4 - d4'. 

The unprimed and primed values respectively are the bond lengths involved 

and not-involved in hydrogen bonding in the same molecule. If the comparison 

is not possible, there is a blank in the table. 

In subclasses 1 and 2, the ring formed by atoms involved in intramolecular 

hydrogen bond is almost coplanar with the benzene ring plane in all structures. 

The maximum deviation from the best plane of the benzene ring for a non- 

hydrogen atom is 0.10 A, as shown also by the values of T in table 1. The R 

value of 2.48 to 2.65 in structures Nos. 1 to 34 suggested that the hydrogen 

bonds were strong or even very strong. 

After a close look at the bond lengths involved in intramolecular hydrogen 

bond in subclasses 1 and 2, an inherent trend was found. The bond lengths d 1 

and d 3 (fig. 1) are shorter with almost no exception when compared with those 

corresponding values which are not involved in intramolecular hydrogen 

bonding in the same molecule. On the other hand, the d 2 and d 4 ( fig.1) are 

longer than those corresponding values. The differences are not very large, but 

still statistically significant. 

The regular shortening and lengthening of the bonds could be rationalized 

if one considers the resonance between the structures I and II shown in fig.1, 

where donor group could be NH2 or NHR or OH. The resonance was first 

suggested by Gilli and co-workers 213 to explain the strong and very strong 

hydrogen bonds in a system of x-conjugated double bonds. It was concluded 
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that while the O.-.O distance is shortened, the hydrogen bond is transformed 

from a dissymmetrical 0-H.. a 0 electrostatic interaction to a covalent and 

symmetrical 0-H 0 bond and that such behavior is common to all 

homonuclear hydrogen bonds, while heteronuclear ones can only give weaker 

bonds of mostly electrostatic nature. In this study, the system of n- conjugated 

double bonds is based on aromatic benzene ring, not a r-conjugated double 

bonds, and hydrogen bonds are either homonuclear (0-H -. - - - 0) or 

heteronuclear (N-H.----O), and hydrogen bonds studied are limited to 

intramolecular ones. Despite these differences, the hydrogen bonds are 

similiar to the so-calfed Resonance-Assisted Hydrogen Bond (RAHB) indicated 

by the following facts: (1) the atoms involved in the hydrogen 'bond are 

basically coplanar. (2) the distance O....O is shortened from 2.80 A to the 

range of 2.48 to 2.65 A. (3) the shortening and lengthening of the bonds 

involved are consistent with the resonance. (4) Nitroanilines and nitrophenols 

are much more stable than other nitrobenzenes where no such a resonance 

exists. 

The data for subclass 4 (Nos35 - 46) were also listed in table 1 for 

comparison reason. As shown by the table, subclass 4 is completely dflerenet 

from subclasses 1 and 2. There is no resonance at all. It is consistent with the 

well known fact in explosives practice, that is, nitrobenzenes with a C--H 

linkage in the position alpha to the nitro group are significantly different from 

nitroanilines and nitrophenols used in explosive industry 1. The latter is 

considerably more stable than the former because considerably extra stability 

is gained if one considers the above resonance. 

To verify further this hypothesis, atomic charges at STO-3G level were 
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calculated with Gaussian-82 program 8 for structures studied within the 

limitation for our computing facility. The molecular geometries used in the 

calculation were directly taken from crystal structural data with hydrogen atoms 

being placed and the bond lengths involving H atoms being chosen according 

to standard geometry '. No geometry optimation was performed. The 6e in 

table 1 is the PC(0) -- PC(O), PCs being the atomic partial charges for oxygen 

0 and 0, respectively ( fig.1). The resonance not only lengthens the bond 

(d4), but also makes the oxygen atom 0 charged more negatively . The 

differences are impressive. 

If the resonance makes the d 1 shatter( fig.l), the H atom should be more 

acidic. In fig. 2, the relation between the d 1 and the pKa was plotted for ortho- 

substituted phenols, pKa being the minus logarithm of dissociation constant as 

an acid. Nitrophenols form strong intramolecular hydrogen bonds because 

they meet the conditions for the resonance. Other phenols, ortho-substituted 

by group such as halogen atom or alkyl group, does not meet the conditions. 

The clustering in fig.2 confirms also that the resonance does enhance the 

hydrogen bonds. 
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REPCODES FOR 155 NITROBENZENS 

BAPLEZ 
BRNIBZ 
CLNOBEOl 
DAPAUX 
DEJWEU 
DNITBZlI 
DOECWlO 
PABBOP 
PUDGOA 
HNOBEN 
KAYSUY 
NIBZAL 
NITBALlO 
NOHESL 
PCLNBZ 
SAPYEN 
SEYGUY 
VEGBEO 
ACNPHY 
BICXIU 
CUNTOU 
DCNDHA 
ENPCOY 
PBATNB 
POCVOI 
JAPKIU 
MBDNAN 
HNIAANOP 
HNTDHA 
NPADZA 
PNTCAN 
TATNBZ 
AHNPBA 
BOCPIS 
DEHSOD 
PESNEW 
HNPEOL 
NTCPOL 
PICRACll 

BENCLNO2 
CAGPUV 
CLNOBEO2 
DCTNBZ 
DEJWIY 
DOACOS 
WXWIW 
FALPEN 
PULYEQlO 
ITNOBE 
KESNEB 
NIBZAL01 
NITOLU 
NPBUDO 
PnlTBZ 
SAWBIB 
TNBENZ 10 
VEGBIS 
BDNFAN 
BOWS I P 
CUNVAI 
DIHNAN 
FADNAN 
PENOAN 
FUGTIK 
JARLOD 
HENPNDlO 
HNIMNlO 
HTNML 
NPBDZB 
OWIN602 
TNIOAN 
BMLII 
BUBLOZ 
DNOPBL 
PESNIA 
HNPBOLOP 
NTCPOLOl 
PNIANS 

BENCLNO3 
CLNIBZ 
CHNBENlO 
DEPDUN 
DNBENZlO 
DOECOOSl 
DUXSIY 
PAHDEC 
GACGAS 
JAZKOK 
HBZEIC 
NIPMZ 
NITEBB 
NPCBNZ 
PNBZNT 
SAZBAC 
TNOXYL 
ZZZPYWO 1 
BERPAP 
CITYOTlO 
CUZDEG 
DIXDUJ 
FANTBZ 
PHANIL 
PUGTIKO 1 
MYTUZ 
MNIMN 
HNIANLlO 
HTNOANlO 
NPBIAC 
SECHOC 
TNITAN 
BDNPOL 
BIJRllIlIl 
DNOPBLOl 
FUDZIN 

ONITPA 
TNPBNT 

nipnoiio 

BICNUW 
CLNIBZOl 
CHBZRH 
DEPDUNOl 
DNITBZ 
DOECW 
ENPROP 
POPCIH 
GASDOT 
JAZLAX 
NACPONlO 
NITBALOl 
NHBZAX 
NPIVBB 
WOBCGOl 
SEHTAP 
VACBAC 
ZZZHUCOl 
BEWOB 
CLONAN 
DATNBZ 
DNIALN 
P A W 1  J 
PNDMAN 
FUXNAN 
KEJGIP 
MNIMNOl 
MNOMANlO 
NANILI 
ONITAN 
SEJNEA 
WYXUV 
BOCNIO 
CDNPOL 
DNPBOL 
KECRUF 
NITPOL 
PICRAC 
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