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In 1959, rhaa tha X-ray mara d nitrowe (ehowu in Tabls r) wu rqated, ‘lktar nobd 

that the titbm of CC haad kgthm could not be uplained by maomsrk dnlctrm Em.l&u.’ 

StroctorrI-mrrooldkdbipo(i)-ortho(o)~d~~(m)-~(p)bond~~~ 

oflho - mete rrth~r thy R(Ci - Co) < R(Ce - Cm) > R(Cm -C,), u found. The XIGC.~~ 8tNCtUR 

b~rhamHTLbkLItcontlrnrthr~tsmdrinlbondkn(th~nr,rlthooChtbs~ 

= r&x4 in =qnituda md R(Cm - C,) b only nw@ally lam than R(C. - Cm). The ring U&I 

fronlboth8c8diaueiagood qraxm~t. Tkm,ithrbeeumcognisedfor&oetthirtyyeumth~tI-III 

crnnot pllJ l nqior role in detami&u tha structure end mkted propertim of nkrobeaseue. 

In the th rime thaa r&y mnb, maomark rm~aance rtructura for ait- and othex mktituted 

bansma ham oftentima been invoked in the literature. Mokculu orbitaJ cakulat&nm w rharm to 

giva chyr dbtribotiom comirtsnt with contributiona from I-III.’ Thb riew muliiy mtioti the 

okwed plrnu etructum ofakrobenser~.~ Puther evidence for the tnvohermnt d mmomerk etructura 

rimil~ to I-III for mbetituted bensena wu obt&ed from cormkbm d &unic I orbikl populationa 

with “C chemkal rhifW’ Mom mcentky, “0 rhifte m initidly wed to ague y&et imohmmt 

of I-III.’ Additbaal mumrawnte of “0 rhifte , h wever, led to the oppaite concltmbr~.e The I&et 

theoretical dudi hwe diuerned only a emall depea d conjugation betrmn the nitro group and the 

uarutic ring.‘O*” Abo, the exteneive work d Tsft end Topeom indicating only dight coatributionr 

’ Llediuted to M. J. S. Dewu on the occubn d hh wventkth birthday in recognition d hb contri- 
buthma to Owuk Cherubtry. 



TABLE I 

Calculated geometries and energler for planar and perpendicular nitroben- 
sene. Bond length in Angatromr, angla in degrees. Energies in kcal/mol 
for AM1 and delta quantities, au otherwise. Dipole momenti in Debye. 

Quantity 

AM1 3 - 21C//3 - 2lc 6 - 31c l //a - 3lC* x - rap Micrwv8vCC 

Planar Pep. (Change) Plaau PeTp. (Change) Planar Pap. (Change) Planar Planar 

RPN) 1.487 1.497 (+0.010) 1.449 1.468 

R(N-0) 1.202 1.2cxl (-0.002) 1.244 1.240 

R(Ci - Co) 1.404 1.401 (-0.003) 1.378 1.375 

R(C. - C,) 1.393 1.3M (t0.002) 1.381 1.383 

R(Cm - C,) 1.396 1.395 (-0.001) 1.385 1.384 

<CNO 118.9 118.7 117.6 117.0 

c Cdx. I#).6 121.0 121.1 122.1 

< CiCoC, 119.2 110.1 118.9 118.8 

< C.C&, 120.4 1m.4 1m.0 1m.1 

< Ct&,Cfn 1m.1 1m.1 1m.4 1m.2 

Enafg 26.3 28.8 (3.5) -431.71216 - ~431.693!A 

5.2 4.9 5.3 5.0 

I?=; 
(-0:q 

1.191 1.459 1.464 1.192 [‘;y 
(-0:005) 

1.486 l.#uI 1.403 1.227 * 
1.383 1.378 1.307 1.374 

In:=; 
F 

- 1.387 1.386 1.386 I’;=; . 1.426 1.363 1 1.396 A03 

117.7 117.1 118.0 117.8 g 

a 
122.3 122.9 123.0 125.1 
118.6 118.2 116.0 117.1 
120.1 1m.2 121.0 lm.3 
lm.5 lm.3 121.0 120.2 

(11.7) -434.17523 -434.16317 (7.6 kcd) 
(-434.27681)a (-434.26641)’ (7.2 kcd) 

(:::)a 4.22 D’ 

Takulakd with 63llC** bank ect. 
‘Reference 1. 

‘C. Ok Sorcnmn, personal communication d a full eubetitution structure cikd in Reference 6. 

dCRC Hand- of Chemistry and Physics, 63rd ed., R. C. Weaat, Ed.; pg. E61. 
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from I-III hu recently been reviewed. Ia Other rtudia will be di#ueeed in mom dettil in s liter mtion 

of thie paper. 

De&k thme corlflkting raulk, mcmomeric raanulcc rtructume, ruch Y I-m, ebove, M eoam!t*LrKe 

ueed in m unqu&bed or Mbiguoua mer to expltin vuiour propertia of niW&nsena in averd 

well-known tcata.1s Thum, the concept ofruoaence pti*kip&on by nitro groupe in ruktituted benzenea 

hen g&cd widaprud acceptance, ofkntima without critical examinatbn. 

To gain incmucd hi&t into the role of resonance in dekrmining the behavior end pmpertiea 

of nitrchenzenes, we undextaok molecular orbital cekulatione et higher levele than before. Cakulakd 

reeulk are compared with obee~ed quurtitiw whem poaibk. Furthermore, additional mlakd experi- 

mend evidence concerning the rtructure, rotational barrier, end chuge dimtributioru in nitrobenzenc 

ia considered. Thae raulb chow that the contribution of mesomeric rtructuns to the equilibrium 

propertim of nitrobenzene end derintiva L atmmely sm~L 

Methods 

Moleculu orbitd c&ulatione were performed uring e-dud methode and compukr pr0gmm.e. 

AM1 cakulationnl’ were performed ueing the MOPAC pl~qarn.‘~ Ab initb c&ul&ione were per- 

formed using the GAUSSIAN 82 prugram pukege’e with the inkrndly rkred S21C,” 6-31C’,‘e and 

6311C**” beaie eek. Ceometrke were compkkly opt*hniaed within the rtakd eymmetry point group 

(C,,). Initial geometry optimiutbru for the l b initio c&ul&xu wem greatly fdittied by using a 

atuting second derivative matrix obtained from eemiunpirical calculationa. 

Bond poink were bcakd end chuukrised wing the program EXTRMXm 

Reaultr from Calculations 

Nitromathyl anion wee etudkd IIret ae a rimpk eyekm in which conjugation with e nitro group pleye 

a large role. The ruulk, rhosm in Chart I, were obkined with the I-31C brie rt.” Compued with 

either nitromethane or the biikd mkm, them are a ehort CN bond in the phmr anion, chuuterbtic 

d a double bond, md Long N-O bon&, m expected. Them ir a 1-e ehsnge in dipole mount upon 

rotation of the nitro group end the cakulakd barrier b large. 

“\, “\ I.218 Cl 

_ ,,$~~I 

3 
125 

H 0 

1~1 = 3.72 IpI = 1.88 
E = -242.69278 E= -242.62344 

Chart I. Calculated geometriu, energia, end dipole momenk et 4-31C for nitromethme, planar 
nitromcthyl aion, urd nitromethyl mien with e biting nitro group (enforced C, symmetry). Raul~ 
for nitromethme and pImu nitromethyl Mion from Refn. 21e urd 2lb. Bond lengths in A, angles in 
degrees, energies in au, =d dipola momnt~ in Debye. The origin b t&en M the cenkr of charge 
(c, Z,< = 0). The obeened dipole moment for nitromthene is 3.46 D. 
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C&uMoM for nittobaucne rrcr~ performed with the plane d the nitro group both copluur and 

orth~nd b the P~U Of the bamm ring; Cs. symmetry wu enforced throughout. Optimised gsamb 

ti, in*, md dipole m~menb M lirted in Table I. In addition, oome experimentally de- 

quultitka M ahm for compulon. 

w theoretical cakulatbne for nitrobenlcne have appeared prevbuely. The AM1 reaultr ahcrrm 

in Table I differ importantly from the previour MIND0/3 calculation” in that the nitru group h 

predicted to be coplanar with the benzene ring. Moo, the calculated R/ in too large compared with the 

experimenti result of 16.1 kcal.= Indeed, it hu prsrbuaty kn found neceaeuy to include a -10 kcal 

per C - NOa group correction to AM1 H,‘r.” 

The ab initb raulte in Table I extend pmioua cakulationr at the STO-3G,‘~“*“~“*” 3-2lG,” 

C31G,“*“’ end &31G1*@’ levela; come of these used partially optimized geometries. 

Geornem The calculated geomtria rhorpn in Table I ahow no serbum faillnge in an Mute 

- - mat errorv in bond kngthr and mgka beii within uarul bounds. Neverthelar, in addition 

to R(C-N) being eyatamatically too rhort in the ab initio calculations, there b a eerbua failure by alI 

methods to reproduce the oheerved bond kngth variatioar within the nitrobensene ring. Thru, AM1 

dVU Ci - Ce > Ce - Cm < Cm - C,; the pattern expected in StNCtUra I-III. STO-3G raulb rhor* 

only minor tiatiom of km than 0.002 A within the ring. )u’ Although the 3-21G cakulation correctly 

prsdictr Ci - Ce < Co - Cm, 631Gsbo and 631G* calculationa give C; - C, end C. - C, eq~d. 

DLtartbnr d the Ipa aa& ia aulmtitukd bensena haa attracted considerable attentlon.‘8~o-a* 

The cahlatbnr appamntly udaratimate th ipoo angle romewhat. Nevezthebr, all calculationa in 

Table I corrwtty predict that the strongly electronegrtive nitro group cauea an opening d the ipeo 

engb axompukd by a claing of the arcent angle relative to that in benzene. Recent crlculetione for 

8 variety of rubrtitutenta rhow thi ta be a general effect,W*s’ in accord with the argumenta of ‘Rotter.* 

Optimised geumtria of nitrobensene in which the nitro group b held orthogonal to tha ring l ppeu 

in Tabb I. Theu rharr nmra clearly the expected bond kngth variation brought about by an ekctroneg- 

atire group with minkmal racance interactions. Thus, both 3-2lG and &31G* C-C bond kngtha rhm 

Ci- Ce < C*- 6.m. In d&t&xx, u Politser found with the 631C but set,** the cakul~ted bond length 

chaaga brought about by nitro group rotation appear to result from a lorr of resonance interactiona 

praent in the coplanar geometry. Thim leada to a rhortening of the N-O, Ci - C,, and C,,, - C, bon& 

together with a kngthening d the CN and C, - C, bon&; hmveva, none of the changa excetdr 

0.01 A at any kvel, while at 631G’ the largeat change b 0.005 A. 

Rot- A prarumed twofold rotational barrier was obtained u the energy difference 

between the coplu~u and orthogonal configurationa. At the AM1 level, force con&ant cakulationr 

indicated the orthogonal conllguration to be a bona fide truuition rtate and that the WKI point energy 

difference between the two configurationa la about 0.5 kcal. The AM1 barrier of 3.5 kcal ir in good 

agreemmt with experimentally dekrmined Men of 2.83.3 kcal.6~sJ~s4 

It hu been pmioualy ehown that minimal bash set ab initio calculstbnr give reasonable rotational 

phenyl-X burierr.’ Unfortunately, bigger baain seta yield much higher buriem that only rlowly improve 

with increuing rise. Thue, the C - NO:, rotational barrier at STO-3G hu been c~lcul~ted u between 

5.0 and 5.5 kcal, depending upon geometrical details 8~‘e*z’ Using a fixed geometry for the benxene ring, 

v&a d 11.9 and 10.0 kcd were obtained using 3-21G and 4-31G baaia sets, reapectively.m At 631G, 

the barrier ia 8.6 kcal.” 

The resulta in Tabk I show similar trends in that the 3-21G//3-21G barrier in rcriouoly Owe-6 
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d. The 63lC’//63lG’ and 6311C**//631C’ barriera rhow rome improvement, but are rtill too 

lugs. Similar IgiIiags ti 631C’ for nitroetbens hove been ~baerved.~’ 

w Digfribution: Dipok moments shown in Tgbk I UC too lye compued with the had- 

booh v&e of 4.2 D. In contrut, ST&SC giver 4.3 D.’ Intitingly, the dipole mbmcntr in Tabk I 

for the ortIrogorA confIgur&on M still eigni!iuntly luger thsn the ohed dlpok. Also, M sho*m 

in Chut I, CHIC clkn1ntion.s overestimate tha dipole moment of nitromthma. T&en together, thee 

raults show gn ayargted u withdrawing effat of the nitro group. 

Rmnlte of Mulliia uulysk performed gt various kvels ue shown in Tabk II for the pknu snd 

papandiculu coaflgurntions of nitrob+nsene. 

TABLE II 

MuIWen analyrt for nitrobensene with the plane of the nitro pup fixed 
planar and perpendicular to the plane of the bensene ring. All orbitalr on 
ring and nitro group conrtltuent atoms t-forming &I -1 with respect 
to the plane of the fragment are conridered X. This meane the plane 
orthogonal to the ring plane for the nitro group In the rotated geometries. 

3-2lG//3-2lC 

Planar Pap. 

631CY14s31C* 

Planar Pup. 

&311C~y!~31C* 

PknU Perp. 

0.398 0.388 0.270 0.288 
-0.267 -0.209 -0.238 0.181 
-0.237 -0.244 -0.#)7 -0.220 
-0.270 -0.253 -0.229 -0.207 
0.290 0.316 0.576 0.550 

-0.411 -0.444 -0.472 -0.477 

-0.586 4.686 -0.419 a.412 

A A 
1.131 1.077 -0.W 1.123 1.060 -0.063 
0.928 0.986 0.060 0.923 0.996 0.073 
1.010 o.Q%o -0.021 1.010 0.986 -0.024 
0.941 0.974 0.033 0.943 0.931 o.lxW! 
1.104 1.137 0.033 1.055 1.064 0.009 
1.475 1.439 -0.030 1.498 1.472 -0.026 

5.944 6.001 0.(#7 5.950 6.005 o.O.s!J 

+ N. (ring) 9.998 10.016 0.018 10.001 10.013 0.012 

0.283 0.202 

-0.10s -0.047 
-0.100 -0.102 
-0.12a -0.110 
0.W 0.421 

-0.403 -0.408 

-0.094 -0.409 

A 
1.189 1.054 a.135 
0.928 0.991 0.065 
1.005 0.981 a024 
0.941 0.977 0.036 
1.086 1.106 0.020 
1.481 1.454 -0.027 

5.992 5.975 0.017 

10.040 9.989 a.051 

In the plus geometry, N, is elwnys lar thnn 1.0 at the ortho nnd parg positions, whik N. is 

cloe to onu at the mete position. In addition, gt 4 levels, the u chergea ue polarized in the oppoeite 

sense d tha I system; i.e., qe at the ipso cubon *is nlwnye greatest, while that at the meta position is 

1~ negativa than that at the ortho or pug poeitions. Although these results seem quite consistent with 

I-III, r-induction md r-poluirgtion effects cut give rise to &erneting chuges in a cyclic system.ss 

Perpendkukr geometries were studied to determine the importmce of r-inductions” This l tTect 

results primnrily from the rubetitution of g cubon in benxene with a more electronegative atom; e.g. pyri- 

dine. It result in the familiar pattern of nkernnting chuge. In addition, the perpendiculu geomctria 

allw the study of u - I mutual poluirntion, free of reeonsnce effects with the nitro group. 

Unfortunutety, different basis sets gave different reaulb. Thus, st the 2-2lC level, N.(C,) > 

N.(C,) > N,(G) > N&r); h owever, the u system shows n ckssic induction effect, with the chuge 
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incmuing with increuing dimtuxe from the nitro group. At &31C*, while N. now decrcaaea with 

increasing dbtanca, qe ir mom negative at the meta paition than at the ortho or para ryeterm. At 6 

311c**, q, ah- the clurkal inductive effect, incmuing with incmuing dbtance from the nitro group; 

the w eyatem IBM a rimilu e!Tat with dttance, only now the polarization ia reversed. At 6311C’*, 

Eqtmtbn 1 wu found to relate the u and I charge dirtributioar quite accurately (r” = 0.M). 

WC.) = o.us l q,,(c.) + 1.001 

t = i,o,m,p (1) 

To separate the o-induced I polarization from other effab, the difference of N. in the two geomc 

triar- aumined. The raultr, ahown in Table II exhibit the lugeat changes at the ipeo and ortho 

paritiom, while lrrar changa occur at the meta and pua paition. In addition, the rign of tha chmge 

&urn* ia going around tba ring. Thii qualitative rarult b obtained by alI three modeb with varying 

q&i- data&. Thum, it ir obed that the population depktion at the pm carbon in lar than 

that at the ortbo paition. 

The abore vault ruggatr the dominant contribution of r-poluisation effatr. The cluric charge 

pattern written for maomerk coqjugation t rharnr by IV. ” Clearly, the cakulated chargea do not 

l t~pport thb rtructm, bamse N.(G) L hap greater than one. Also, the difference in N.(C,) in 

the ~IAXU? and perpendkulu forum ia always negative and of similar magnitude M that at tha para 

paitkxu. Traditionally, structure V mi&t ba written to symbolii the observed poluiution. We 

euggat that rtructum VI may eerve the same porpae, but it bar the advantage of undemcoring the 

fundunental mlatbna bet-n u and I conjugation. sI It L aho consistent with the wailabk obeerved 

rtructtu8l data for nitrobensene. 

Despite the above diiusaion, incoarirtenciea in the Mulliken analyeb have been long raognized.30 

Other resulta in ‘able II rhow that the total N,(ring) and qcor(NOa) do not alwayyr behave u expected. 

For exampk, whik N,(ring) b greater in the perpendicular geometry at 3-2lC and 631G*, the situation 

reverea unexpectedly at 6311G’*. Likewiec, the total charge on the nitro group ir larger in the per- 

pendicular geometry at 63llC l * . An additional problem in the malysin b that the number of electrons 

usigned M I elatrona Is not constant for the two geometries. Thir indicatea that u - 1 aepuation we 

have employed is quationable. A11 these problema make it quite difficult to aaaign in any absolute mewe 

the amount of elatron transfer to the nitru group in either geometry. 

Becarw of the many difficulties associated with analyzing Mulliken charges, a critical point analysL 

of the elatron density wan undertaken. As Bader and 10 worken have rhown, increased bond order 

lerb to an incrsw of elatron density at the bond critical point (pc).‘O The prcacnce and relative 

magnitudes d I bonding can alao be detected by cakulation of curvatures of the electron density at the 



bond point. ‘1 Mkr CuMtUteS (that is, more nearly zero cigenvaluu of the second derivative matrix 

of the electron density with respect to the Cartesian coordinates) in the plane of the w bond arise from 

a build-up and resulting less rapid dropoff in electron density associated with increased double bond 

character. The ellipticity, f, is a convenient measure of the deviation from cylindrical symmetry of the 

electron density at the bond critical point. It is defined as ( = (X,/Xl) - 1. 

The mulls of this analysis for the heavy atom bonds in nitrobensene are shown in Table III. Only 

very small changa in the value of pc are brought about by rotation of the nitro group. Particularly 

significant are the quantitia aawciakd with the C-N bond. The value of pc is casentially the same 

in both the perpendicular and planar con6gurations. The curvatures show unusual behavior. In the 

perpendicular geometry, the mft curvature for the C-N bond point points in the y direction; ie, it lies 

in the plane of the ring. This indicati tht the C-N bond deviations from cylindrical symmetry are 

determined by facton other than conjugation with the bensene ring.* In any case, the ellipticity is 

less for the planar geometry. Both of thae observations are inconsisknt with increased double-bond 

charackr in the CN bond in the planar geometry. ELcwhere in the mokcule, the valuea of p. and c for 

the ring bonds are not in(arpntable in krrm of rtructura I-III. Signihcant involvement of these forms 

would lead to greakr aingk bond chur~ter in the Ci - C, and C, - C, bonds in the planar form. An 

increase in the doubk bond charackr in the C, - C, bond would alno occur. Thue changes could be 

dekckd by decreuee in e and pc in the former case and increuea in these quantities for the latkr case. 

None of this behavior L observed. Some differencea conaisknt with increased eingk bond character of 

the N-O bond can be noted, however. 

TABLE III 

Curvatures (x,,x~,x~), eLlJtldty (r), and 
value of electron density culated at bond 

for nitrobenzene at 6316. 
quantities in au. The ellipt 

(0, II daflned ar The letter af- 
ter A, indkates The molecule 
Is in y-plane with x = 0. 

Bond A, Al As .! PC 

O-N 
Pa=. -1.426 -1.282 (x) 1.295 0.130 0.548 
pcrp. -1.441 -1.262 (y) 1.288 0.142 0.551 

C-N 
pua. -O&39 -Q.JM (x) 0.449 0.088 0.269 
perp. -0.561 -0.503 (Y) 0.443 0.114 0.270 

C, - CL? 
PUa+ -0.722 -0.579 (x) 0.256 0.246 0.330 
perp. -0.721 -0.586 (x) 0.242 0.273 0.330 

G-C, 
pua. -0.710 -0.679 (x) 0.266 0.225 0.328 
pcrp. -0.706 -0 675 (x) 0.266 0.229 0.327 

G-C, 
Para- -0.708 -0.5gl (x) 0.270 0.219 0.327 
pcrp. -0.700 -0.57g (x) O.ado 0.225 0.327 

‘For some ponible dk.rndva us a) D. Cramer; E. Kraka Crooko Cknico Aefo 57, 1259 (1964). b) 
J. P. Ritchie J. Cornput. Chcm. ?, 1 (19M). 
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We ti note th& l critical point uieing from the existence of M O-ortho H hydrogen bond wan 

sought but rrot found at &31C*. 

Auessment of the Calculationr 

The ~~uIU in Chut I demormtrrte ununbigoualy the effata of chuge delocaliration onto a nitro 

group. The -try of the plnu nitrowthyl &on ckuly indicatea a C-N double bond, while the 

N-O bon& am kmgthened u expected. Them ie rigni6mt truufer of datron dennity onto the nitro 

group, u evidenced b the krge crkul~ted c-hue in dipok moment apon robtion of the nitro group. 

Them k rlro l krge bwrier to rot&tion about the C-N bond, con&tent with ite double bond chuuter. 

Similu &ate M uell-kn~~~ in other ay&um ruch u rllyl and the nitro group itnelf. 

The l &b noted dove, dthough praent, vc much diminkhal in c&ul&tione for nitrobensenc. 

Unfortdy tka cdculdioor mportd in thie paper do not reproduce May ‘mportant propertia of 

niko&anem ud etimrk tbaa -i&A with deloclliution of charge onto the nitro group. The 

ctileted georneti diier in wap from thae oheerved ruggatlng UI overeatimetion of resonmce 

inkrrctkm rrlth the nitra group. The ohed &eWioru of CC bond lengtha was not reproduced 

by the pl~u ClkulatbN, but the parpcndiiulu g-try &owed rhartaned Ci - C, bon&. The 

rotatkmal barrier ad dipok momente UC both mrioorly overatimrted in the crkulationa. Seemingly 

reuonabk *rlwr for thars qumtitia obtied at STWC must be tempered by the rediratiar that 

tb gemnetry k pooriy predkted md that an unjuetitled coincidental cuxelktion ol erron must be 

rapauibb for itJ gc~A perf ormance. Thur, it ia well knmvn thrt extended buk rtr ue required to 

ob* electron dktributione rimilu to thm found in X-ray rtructures.” The Mulliken umlyria rhowed 

that the c&&ted w diitributioar did not corrapond to ckesicd ideu &out meaomuism. 

Bor~uaa the celcaletbne do not reproduce muxy of the rekwt propertia of nitrobenzene xcu- 

rat& it k naeauy to comlder dditkmd experiwntd dti to determine the relative contributiona 

d maoowrk reaormnce rtructura end pohtion afTatr. 

Relevant Selected Experimental Data 

Bafom PrCreesdw with a dkcuflion d the imporknce of rtructura I-III, it t useful to consider the 

quatioa behg vked l little more cuefully. The dtcusaion ie limited to neutral, even numbered elatron. 

ringlet molauka in their equilibrium ground rtite geomtry. Excited states, chuge bearing species, and 

truuition et&a IMY well include greakr contributiona from mesomeric rtdonace structure% Thus 

much epectmcopic, reutivity, md uidity mwurementJ ue either unsuited or only indirectly useful 

for udyrir of the ground rtak propertia of nitrobenzene md ib derintiva. Bewing thin in mind, we 

proceed to Conrider oome rclakd experimentd resulb. 

Aa ‘Rotter originally noted, the structure of nitrobenxene ia not in wcord with expectations from 

I-III.‘*s Additional evidence CM be obtained by comparing the microwave etructurea of nitrobenzene 

(rhorn in Table I) md nitromethane. 4s Both the C-N and N-O bon& Me very similu in the two 

rtructura: R(C-N) = 1.498 md R(N-0) = 1.224 A in nitrometham while R(C-N) = 1.493 md R(N-0) 

= 1.227 A in nitrobenxene. Consequently, deapik the up’ - NO1 bond in nitrobenzene compued with 

the rp’ - NOa bond in nitromethme, there is little structural manifestation of significantly dccrcwd 

C - NO, or increutd O-N bond order ua expected from I-III. 

Mat rtructud data for nitrobensene derivativea md related compoun& comea from crystal studies. 

It qpure, havu, that cryrtd forca nay exert geometry alteration8 at lesrt u I- u thaw CX- 
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I=~* roozmnca cooribrrtbns. Indeed, the cryntd may CUM increued import- of romance 

rtructura llot cootributing to the go phue rtructure. An interatb pcmibh aunpb of thb wu found 

bcom&ng* c&&kd rrrd X-my rtnrture of nitrugtunidine.” Fhrthernwre, cry~kl etudia shcnv 

the two N-O bond km&u in nitromcthu# to dil?er from one mother by up to 0.02 L”B~ These differ- 

encea uire beesrue of dimimilu cryskl anvironmemk md the uymmetric fornn&n d hydrogen bon&. 

Oxygena ol the nitro ~TOIIP provide hydrogen bond wccpton md evidence im beginning fo show that 

there form C-H l * 0 hydrogen bon& in the cryrtd.4’~4’ 

Dapik thae dificuitks, mymtematic rtudia of cryatd rtructura hrvs prwided inkreating ran&s. 

Aolden md Diclrimon rhorsd from l rtudy of 104 uonutic nitro groupa that them ia no ryrkmatic 

rclrtionrhip between the inkrplw & urd the C - NO, bond Ien&‘0 From urotber rtudy of bt 

kckd cry&d dructarar, So& Bn& a corrtiion coe&ient (r) = -0.44 for C-N PI. N-O bond lengths, 

but OJM for CN bond kmgth versus ON0 mgle. so This, ucording to the inkrprektion d Coppenss’ 

uxd Butsll” in&ta dominmca of rkric crowding d the ortho euhetituent. Coruequently, there L no 

mtcnutic rtructurd evidence d tbs mesomeric effect. 

Becume d the mutrul conjugation exhibited by gnitrcwiline (VII), it occupies a centrrl p1sc.e in 

theoria d maomeriam. AJ l result, ik propertia md the proputia of related mokcula hwe been 

studied extensively. We premnt a few reaulk inknded to suggat that the role of I-III ad VII must be 

Btrictly limited. 

-o,+,o- 
N 

6 I I 

N+ 
I \ 

H H 

VII 

b Liebamn poink out, ta evidence doa not indi~k l rigniflcmt rkbiliition d 

gnitroudline due to nwome ric &ck.” The h-k d rewtion for the eimple exhe reutbnm ahorm 

below were c&Ued from ohurved huk d fornution of the rewknk md produ~k.~ The raulk 

revd that m- md pnitrourill# M only rlightly etabilii relative to reuknk md by neuly equal 

UrMxlnk. 

S-nitro: Ii, = -3.3 kcd 

4nitro: R, = -3.0 k.8l 

Thar, no rkbil’artion enew rwulting from mutual conjugtiion hu been obeerved. A, a direct coma+ 

Q~~CU d this, the stronger uidity of gnitnxnilinium ion m computd with the meti compoond should 
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of 3.93 D. Topeom commcatr that although the effect ir anal1 on a dative but, 0.3 D ir rtill a fajrly 

large caatributbn in an ahoolate -.l” For compubon, tim dipole amDent of toloane, wllii im not 

wdly cone&red to be very polu, is 0.36 D. Ae Exnsr poi& oat, tbs l ffact cotdd be explained in term 

of lb un~qtd pohriiililia of the bauars nucleus, eImiIar to lh& Aown in Table III. In addition, 

the anbtropk &Id uociated with the nitro group and the chaqad dielatrk conmtant mu the nitro 

group of a rmthyl group vemu hydrogen L bound lo have a effect. Tb dielectric ugumcnt in surely 

important, u it ie well known that diwle momentr are sdmnt and pbve dependent. Indeed, the dipole 

moment of nitrobenxenc differs by 0.27 D in benxene and the gu phw. 

Contributiona from I-III predict a rot~tiorul buria. b mentioned, the okurved burier in nitroben- 

zene L 2.8-3.3 Ir~ll.~*~’ Thir in surprisingly emall, apaially in compuimon with the burier in ethane, 

rhk.h h oW to be in tha m ruy - 2.93 kcal.” M mtr of the nitro group rot&ond bar- 

rku in % utd 44iuorobenlcna have &o been obttied .m In the w borna, the v donating fluorine can 

interact with the nitro group u rhom in VIII. Thb rhould IeA to a luger rotrtiorml burkr thaw in nitro 

We. The buria to intemd rotation wu found to be 3.5 kcsl for the pua Lamer, only rlighlly larger 

thur the oheerved burier in nitrobenxenc (actually within exporimenti error). Houevcr, the observed 

b&u wu 4.1 kcd for the 34uoro tamer; i.e., luger 1hu1 for the pm isomer. Thue, thae me* 

suremcntr are dditiod diit evidence against the importance of the mesomaic fom shown in WI. 

-o\+,o- 
N 

6 I I 
F+ 

VIII 

Correlationa of NMR chemical shifta with crkuked MulLken I) popukione M often rationalized by 

structures I-III.‘-*“~50 It ia not certain, hoovever, that the c&uked Mulliken chqa uirc only or even 

largely from charge transfer to the nitro group. Indeed, we rhowed above that the I charge diatrlbution 

in nitrobenxene WY not primarily due to mmomeric rtructura I-III. Ae Hiberty md Ohaneaeian point 

out,I’ the NMR experiment measurea depletion or rccumulatioa of chugs and that resonance effects are 

not the only mcana by which charge can be transfund to an atom. Thue, the poluiz&ion mechanism is 

only one of severs1 effects that could cause the obsrved rhifte. Untmgliq the wioua l ffecb ia difficult 

and, to be sun, many attempb have been made.‘-10*8Q Typically, a correlation with LFER parameten 

ia obaerved and interpreted in terma of reaon-e, field, inductive, etc., effecte. A basic limitation of Lhae 

apprwhes in that they ue largely empirical attempte to describe the ccverd mutually dependent and 

complicated phenomena in a rimple manner. So, it haa been shown that r-induction and x resonance 

behave quite similarly. sb It L quite likely then that u, repramntr a mixture of them effatr. Indeed, rhe 

several u, scales in existence in evidence of this. 

Another point concerning the NMR data ie that mynetic ehb&iing tureore include a paramagnetic 

u well an a diamagnetic term. a0 The puamagnelic term, u ueuaIly expremed, include a mean excitation 

term, accounting for mixiig of the ground state with excited stata brought about by inturaction wirh 

the magnetic field. Cakulatione for rimple cubonyl compounda hara ehom that excited rtatea ue 
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important to the intmpmWion d 1’0 chemicd rhifta. ” Thur at leut for “0 rhifts, ad paxsibly other 

nuclei, carr&thu with u+ and u, v&a, while informative, may not indicate the contribution d nitro 

group rmonana in thr ground rt&a of rukwtitukd nitrobenxena. 

A flnrl place of InformAon b th& 8 correlation of “0 rhifte of raveA nitrouomaticr with rotation 

m&m m found in the X-ray rtructum hu been obeervcd. e’ AJ mentioned pruvioumly the C - NOa bond 

kngthe md C - NO, tonbnd mgla don’t comehe wd14g suggattxu that maomaric tiNCtW UC 

not rapcmdbb for the otiione. 

Summary and Conclusion 

Tbars L conskhzlbb evidence a&b the involvenxnt of mnanca &uctura I-III in dearibing the 

gmund et&e pmpextk d nitrobaueam. It wae found thst RIIF cdculhxm, e~cll with extended basis 

rata, do l poor job d nprodocing important pmpertia d nitrobuuane much u the geometry, rotational 

buriex, and dipo~ moment. MullSken population supplemented by s bond point ch=krizAin were 

found to be mom condent with a r-poluisrtion &at. 

Coaidamtion d exparkn~d~ehowedth~mssomerkrwonuw forum d the wrt indicated in 

I-III w not importad in darribii Mary ground etate pmpertias. Thfv the rtructural predictiona of 

I-III ue not obarved. The rotitionrl burkr for nit-w in not very large, contrary to expectations 

from I-III. In addition, 3- md C9uor&auene do not rhorr roktional buriere that cull k mtiondized 

with nxsomarlm. The mmomeric contribution to the dipole moment hu been rhown to be anull and 

powibIy attributable ta other factors. Finally, them la no thermochemical evidence d rtabilitation from 

mesomerlm. 

The utility d any model lia in itr ca&ility to ration&e oked chemic~ behavior urd properties 

=d to m&e pdiitioar. Maomer ic rtructura rationlliw nme dots quite well. Dipole momentr of 

mutudIy conjugated compoundm, for rumple, md no new explmation of thii phenomenon t offered 

hem. Nsrarthelcrr, commonly used (wtudy ovenmod) rtructura I-III, VII, and VIII and probably 

rimilu oaa am quite mbbuIing. Mesomerbm L ckuly not a dominating effat for determining many 

ebemkrl properth. We muggast thrt rtructum V or VI repute n mom rccumte description of the 

chuga dbtribotbn in nitrobensena without being minkding. 
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