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I . Introduction 

The sug estion has been made b ~ ise and Volpe(l) that 

solutions made from n itryl chlori de and concentra ted sulfuric acid 

ma contain the nitroni . ion . This vs based upon the fact that 

these solutions cont in no cllorine . It was also found that nitryl 

ch loride could be re generated from the solutions by passing hydrogen 

chloride through them . he latter re c tion 1•ms simil r to that of 

the production of nitryl chloride using a solution of sodium nitrate 

in concentrated sulfuric acid . The presence o f the n i tronium ion 

in such solutions is wel l established . 

he possibility of nitrating ben zene wit ~ solutions of nitryl 

chloride in sulfuric cid ias sugge ~ted by an experiment of 

Shirley ' s . (2) . product of m- dinitrobenzene was isolated when an 

attempt vas made to nitr ten- hexane containing benzene i mpurities 

vith such a solution . 

In this set o f experiements , we h ve studied the solubility 

of nitryl chloride in concentrate d sulfuric acid and the nature of 

suc h solutions as indicated by their nit ati ng power . All studies 

were made on the basis of yields of ~ - d i nitrobenzene , although 

under certain conditions nitrobenzene is the princip le p ro duct . 

n attemp t as made to obtain a maxi mum y ield of ~ - dinitrobenzene 

f rom nitryl c h loride by v r y in the conditions of nitration . 

Nhitaker( 3 ) 0 ives a surnmary of the literature pertainin to 

the use o f nitryl ch loride s a nitr ting agen t and its reactions 

in acidic , basic and neutral media . He has also performed some 

experiments on the reactions of nitr 7 l ch loride ,ith aromatic 

h ydro c arbons under neutral conditions . 
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II . Experimental 

A. The preparation of nitryl ch loride . (l) 

Cl v as generated by slowly dropping concentrated H2S0 4 onto 

pure NaCl (or KCl in some cases) . The HCl vas bubbled through a 

solution of NaN03 in con centrated H2S04 ranging in concentration 

from 120 gms/liter to 13 ~ gms/liter . The gaseous product was con­

densed in a g raduated vessel i mmersed in a dry ice - acetone bath at 

- 60 0 to - 70 c. t first , the vapors were allowed to escape . 

After the aN03- H2S04 solution had turned slightly greenish­

yellow , the rate of HCl generation w s increased by dropp ing the 

H2S04 on t he NaC l at a f aster rate . Shortly after this p oint , the 

outlet on the collec tion vessel could be closed as no further g ases 

escaped , and a partial vacuum was establi shed in the vessel . 

The condensed product 1as a light yellow liquid at low tempe r a ­

tures . It could be evaporated by alloving it to slo ly attain room 

temperature . During t h is p rocess , the gases turned brown due to the 

presence o f de composition products believed to be N02 • 

B . reparation of a solution of nitryl chloride i n con centrated H2so4 • 

fter enerating the ClN02 , as above , the product was allowed to 

vaporize slowly and the vapors ere led into a vessel containi n g con­

centrated H2S04 . The Cl1' 02 as allowed to bubble through t he a cid , 

and the e scaping vapors were led out the exhaust . This ve sel as 

s o constructed that it mi ht be removed from the app ratus and 

weighed ccuratel to 10 mg . The content of the vessel could be 

~eighed before and fter b bblin in the e o2 • 

he a ses g iven off above the 2S04 ·were visibly discolored . 

The solution turned slightly green an d increased in both wei ght 

an d volume . 



3 . 

c . itra tion of benzene by ClNOz- 2S04 solution . 

Ten ml . o f the solution of ClN02 in concentrated H2so4 were 

p repared as above . Benzene was added dropwi se with stirring to t he 

solution at room temperature . ith each drop o f benzene , a lo c al i zed 

re d- brown color appeared . But this disappeare d with stirri ng , the 

solution turning g reenish- yelloN . 

reacti on . 

eat vas generated in t h is 

After a certain amount o f benzene had been a dded , the whole 

solution turned bro m. The amount of benzene de)ended on the 

con cent r ation of e l N02 in the solution . The addition of more 

benzene after t h is p oin t was reached sbo ed no si gn of furthe r 

reac tion (no additional c oloration or generat·on o f he t ) . The 

solution had an odor o f nitrobenzene . 

After the addition o f b enzene , the s olut i on w s pipeted slowly 

into water . The water becarae cloudy and the pro ducts s epara ted 

out on standing . The p ro duc t was p r edominately a s olid . It wa 

filtered off and re crys tallize d from alcohol and vate r . 

To accurately dete rmine the comp os ition of the p ro duct , t ests 

were run upon the solid product formed f rom freshly dis tilled 

benzene and the ClN02- H2S04 solution . The solid was recrystall ized 

twi ce and me lting p oint s taken af t er each r e c r ysta l lization . A 

mixed melting p oint wa s run with m- d i nitrobe n zene h aving a melting 

point of 89 to 90 . 5°c . The p ro duct was analyzed for nitrogen , 

su lfur , and chlor i ne . 

D. Ni tration of benzene by adding s olutions o f benzene and n itry l 

ch loride to con centrated H2S04 . 

The Cl 02 wa s generated a s in procedure above a It was 

collected in a ves sel having a del ivery tube for t he dire c t 
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ddition of benzene . Two or three ml . of ClN02 was collec ted at 

- 60 to - 70°c and benzene wa s added through the deli very tube . The 

ben zene f roze on con tact with the ClN02 • The mixture was allowed 

to g radually heat up to room temperature . 

t room temperature , the solution ras dark red , g iving off a 

brown g as . If heated , the bro m ga s was evolved rap idly , l eaving 

the solution yellow . 

Vb.en the dark red solut ion as added dropwise to about 30 ml . 

of concentra ted H2so4 , colored drop lets f o rmed at first . Later , 

t h e H2S04 turned d r k r e d and a light brown la\ er formed on top . 

/hen this mi xture ,ras adde d to rater , an oil separated . The oil 

was yello~ and smelled like nitrobenzene . 

E . Ni tration of benzene by bubbling n i tryl ch loride through 

concentrated H2 S04 ' with a layer o f benzene on top . 

The p rocedure i s approxima t ely the same as in proce dure B 

except t hat on top of 10 ml . of ~so4 v,a s a laye r of b enzene . s 

the ClN02 fas bubble d through the system t room tempera t ure , t h e 

benzene layer be c ame orange nd a red coloration fonned in the 

2so4 adjace n t t o the benzene . hi s coloration spre ad as the 

reaction p roceeded and the b enzene layer disappeared . Finally , 

the color of the H2so4 solution be came g radually light brown and 

the benzene larer comp letel disapp eared . Vb.en the reaction was 

comp l e te , the vessel w s we i ghe d and the incre se in weight as 

found as i n procedure B. 

The solution was t hen p i peted int o rater , a solid separated , 

and t he pro duct was recrystallized . 
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F . itration of benzene by Na o3 - H2so4 solution . 

A solution of 1 aN03 in concentrated H2so4 was made up , and 10 

ml . of it - was u ed i n the reactions . The benzene 

with s t irring tote solution at room temperature . 

solution turned light yellow ith some heating . 

ras added dropwise 

t first the 

fter about Oo5 ml . 

of benzene had been added , a loc lized brovm colo ring deve loped and 

dis ppeared on sti rring . fter ab out 0 . 6 ml . of benzene had been 

added , the bro,m c olor dispe rs ed and t he ~eating ceased with the 

ddi tion of more benzen e . 

The s olution wa s p i peted into water . pre cip itate forme d and 

ra s isolated as was the s o l i d p roduct i n p rocedure c . 
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III . Results and Discussion 

reparation of nitryl chloTide . 

The y ields of ClN02 from procedure A using ' a ppr·oximately 

120 gms . of a N03 to liter of H2 so4 , rere around 80 a, ranging 

from 76 . 5% .to 89 . 8% . Thes e results c e ck ed pretty well with 

those of h irley 2 ) Lo er yields were - obtained 1h en· the reaction 

vas run too fast . 

B . Solutions of nitry l ch loride in H2so4 • 

The concentration s o f the sol tions of ClN02 i n con centrated 

H2so4 were measured by the gain in weight o f the solution . The 

concentrations seemed to depend u p on the amount of ClN02 used . 

High-.J r concentrations we re found at room temp erature than at o0 c . (3) 

Using 11 to 12 ml . of ClN02 at room temperature , a concentration of 

00093 moles of ClN02 per mole of H2 so4 was ob t ained . However , no t e 

that in runs 2 and 3 (Table IV) approximately the s e con centra­

tions were obtained from differin amounts of ClN02 under the same 

condition s . 

The solutions , upon standing , showed no trace of c h loride ions 

when analyzed . ( 3 ) The a sumption is t hat the chloride was liberated 

in the form of HCl ga s . Therefore , the increase in weight was due 

to N02 in some form . For reasons t o be st ted 1 ter , ,ve believe 

✓ -'- this to be t h e o2 ion in some form of associ tion with the H2S04 . 

Therefore , we vill say the concentration g iven above 'ias 0 . 1 65 

mole s of N02 I- per mole of H2S04 , or 1 . 42 gms . of N02 + in 10 ml . of 

H2 so 4 • 

ince we wished t o nitrate benzene , using as little c11 02 as 

possible , to g ive the best y i e l d s of ~ - d ini t robenzene , le s con ­

cen trated solutions were used p redomin tely . The values of N02J 



7. 

g iven in Table IV are in g rams per .10 ml . of H2 so4 • In runs l , · 2 , 

and 3 , they refer to the s olutions o f Cl102 i n H2so4 • Run 1 refe rs 

t o a s olution that had stoo d for a sufficient t i me f o r the ch l o r i ne 

to es c ape , while runs 2 and 3 refer t o s o lutions in whi c h t h ere i s 

stil l s ome chlorine o f undetermined quantity . Th e wei ht g ive n i s 
t · 

✓--- believed t o be p re dominately that o f N02 ·• 

I n r uns 4 , 5 , and 6 , the values are g i ven i n No2+ per .1 0 ml. 

of a c i d . However , thi s value inc ludes any I02- combined with the 

be n zene and any Cl N02 that may rema i n a s such in the final s o lut ion . 

C. Th.e nitration of benzene with CU 02.:.. H2S04 's o lutions . 

The s o lid p roduc t prepar ed in procedure C, using freshly 

distilled benzene , was e s tablished to b e m- dini trobenzene . See 

Tables I , I I , and I I I . 

1 st -
2nd 

Sample 

Tap l e I 

Melting Po int o f Solid 

~ 

IV • p • OC M. P. o c Ave . M. P. o c 

re c rystallizat i on 8 7-8 9 8 9 . 5 - 90 . 5 88 . 25- 89 . 75 

recrystallization , 8 8 . 5 - 89 . 5 87-90 . 5 8 7.75- 90 . 0 

Table II 

Mi x e d r·elting Point il/ith m- Dinitrobenze ne 

Samp le . • P . oc ! Mixed IvI . P . Uc 
I 

ro duc t ' "' _8 7.8 - 90 . 0 ! 

i 
89. 5 - 90 . 5 

m- dinitrobenzene 8 9 - 90 . 5 \ - ~.~~ , 

Table III 

l ement Qualit tive Analysis 

Ni trog en Sulfur Ch lorine · 

present absent absent 

- ••-'.: 



The a c c epte d mechanism f o r the n i tr~tion of benzene us ing mi x ed 

n i tri c and s u l f u r ic a cids is as f ollows :( 4 ) 

C 
1--1 J + 

-J ()J C)~ ·+ }-/ 0 ,1 ~ l-1 r) /\J C) . + 1--1 so,; .,./ .... 
..... . n f-+J. O!f 

CD ·r I "' + 2 H5l\-i /1 ").C! · + (1;_- +-
../ 

L
R /Ne,-;. --1 -i-
J' ' H 

/ H _/ 
·-

~ JN . ., 

/
~;' II' ✓, ·-t-
· / 

Thus , i f N02 wa s the at t a c k i ng a 0 en t i n t h e mixe d acid , it s e ems 

l o 6 ica l that i t wa s the agent in solution s o f Cl N02 i n H2 S04 whi ch 

wa s resp ons-i b le f o r t he n itration o f b enzene . This i s sup ported 

b y the fa c t t hat t hese solutio s , u on s tandi n , aave no t e s t f o r 

c 1-.( l , 3 ) Thus the r ea c tion o f Cl o2 a n d c on c ent rate d H2 so4 mi ght 

b e r ep r e s ented as s ugge ste d b y ise and Vo l p e :( l ) 

The f ormation o f t h e a c tual _c o- p ound , T02HS 04 , di d n ot s eem t o be 

v~ i ndi cate d ( 3 ) , but , by some a rrangemen t , the o2 ion was avai l able 

f o r nitra tion s . 
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a g ent s . 

Tab l e IV 
I 

r un 1 2 3 4 5 · .. 6 7 8 

p rocedure~:- C C r, E E E F F v 
I 

eactant s 

gms. NaNO~~H~ 1.17 o . s o 

II -Cl I. 02 ~ . 35 7 .·s . 4 . 68 6 . 4 4 . 37 3 •. 28 ... 
ti H0 2 -.. ~--~f•:~ 1 . 42 0 . 8 5 - .0 . 8 4 1 . 32 1 . 44 1 . 10 o . 5s 0 . 43 

!I benzene 1 . 76 I 0 . 56 0 . 68 1.12 o . 78 0 . 72 1 . 76 0 . 923 
: 

Yields 

gms . 0 . 46 0 . 29 0 . 32 0 . 2 7 0 . 8 0 0 . 43 0 . 4 ~ 0 . 4 7 

on benzene 12 . 2% 24 % 21 . 9 0 11 . 2 /o 47 . 6 

on NalJ03 

on Cl 1' 02 3 . 6 % 6 . 6 /0 4 .1 JO 17.8 

on 02 ·17 1 9 20 . 9 o1 11 . 2 30 . 2 p I 0 I 

~~:-Proce <lure C: Nitr tion of benzene b y Cl N02- H2S04 
Proc edure I i t ra tion of benz'ene oy bubb ling Cl 

with a layer o f b en ze n e on t op . 
Procedure F : r i t r ation of benzene by Na N03- H~S04 

.;H:-Grams o f r eag ent p e r 10 ml • . o f H2so4 • 

-:HH~ Sf:}e Se c t i on I IJ , B . 

% 36 . 1 % 11 . 1 % 23 . 6 

36 . 4 I 59 . 5 

;O . 12 .7%' 

G 21 . 2 d 
/0 0 

solution . 
02 through H2s04 

solution . 

The n i trating p o ver of ClN02 i n con c entrated solutions as compared 

t o Na N03 in con centrated s olutions i s shovm by c omparing run 1 with 

run 7 i n Tab le IV • . In t h ese runs, t h e Cl! 02 solution wa s a pp roximately 

3 . 1 molar ; the aN03 s o lution vms a_ p r oximat-ely 1 . 38 molar . The a...'111ount 

o f b nze ne used and t h e 9onditions o f reacti9n we r e t _e s ame . h e 

amoun t o f m- din i troben'zene recovere d vms ap roxima te l y the s arne in 

% 
-

of 
/0 

~ 

-

,. 
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b o th runs . The y i e l d s on the b sis o f the n itrogen used ( as Na N0 3 

o r Cl N02 )" were quite in favor o f t h e Ja I'i 03 s olution . 

Thi s di ffe rence in the effe ctivene s s o f ClN02 and I\ a l o3 in 

V c onc entrated H2S04 solut i ons i ndi c ates t ha t the NO{ i on wa s less 

ava i l able in t .. e s o lut ions of Cl N02 than in t h o s e o f Na .J03 • 

A f a c tor 11h i ch entered into thes e determinati on s was t he question 

o f wha t h ap p ened t o the unused benz ene . Some o f it was evidently 

converted into ni trobenzene . In run 7 , t here vras evidence o f a _ con ­

s i derabl e a ount of un re a c ted b enzene wh i ch separated a s a layer on 

the aci d s o l _tion of the p r oduct . I o suc h layer f o r:n ed in run 1 . 

This may i ndi c ate tha t a g re ater ru1ount of nitrobenzene was pro duc e d 

i n reac t ion 1 . •lhen the a c i d solution was pipe ted into 1.m ter , some 

drop s o · o il f o r med with the sol i d p roduc t . Cons ide r in that tis 

oil wa s nitrobenzene, the re is t e p ossibility t' ~at so· e m- dinitro­

benzene ~as dissolved in it . This woul d hav e l ed t o a lo w y i e~d 

o f t h e ro duct , but t _ is l oweri n 0 would not be important in relation 

t o the differenc e in percen tag e yi e l d s . 

fue n a l ar - e e x cess of benzene wa s used in p r o c edure D and , 
t he produc t uas an oil , p res n b l y n itrobenzene . Since t he n itr t ­

i n p o ers o f t h e rea e n t s i n t e d i f f eren· meth ods v s b ase d on 

t e amoun ts - of m- d i n i trobenzen e p roduc ed , t e se amoun t s o f nitro ­

benzene Here n ot recorded • 

• Comp ari s ons of t..._e n · tratinc p ower o f CH o2 by dif nerent metho ds . 

In attemp ting to enh n ee t h e i e l d o f m- dinit obenzene usin 

Cl_02 as a nitrating agent, proce dures D nd v, ere ttemp t e d . 

Only oily r o ducts rere obt i ned by _ roc ed r e D. Procedure 

go o d y ield s ~ith c ertain prop ortions o f Cl J02 and benzene 

cr a ve 
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(see runs 5 and 6, Table IV). The best y ield on t h e basis of the 

ClN02 used was obtained in run 5 . A comparison o f run 3 with run 5, 

which used app roximately the p roportions of ClN02 to benzene, shows 

that procedur e E gave better y ields than p rocedure C. 

Howeve r, comp a ring run 5 with run 8, we see that Na l 03 was 

still a more e ffec t ive nitrating agent i n resp ect to t he amount of 

nitrogen taken. 

F . ClN02 in acetic acid solution. 

A nitration of benzene wa s attempted using procedure E , with 

the proportions of ClN02 to benzene the same as in run 5 and re­

placing t h e H2 S04 with 10 ml. of acetic acid. No nitration occurred. 

The ClN02 and/or its decomposit i on p ro ducts were quite soluble in 

the solution of acetic aci d and benzene as shown by visible dis­

coloring of t h e solution and a considerable g ain in weight. 

This indicates tha t t h e N02+ ion was not formed in solutions 

of ClN02 in acetic acid. 

IV. Summary 

The optimum y ields o f m-dinitrobenzene using Cl N02 as a nitrat­

ing a g ent were obtained by bubb ling the vapours from 3 ml. of ClN02 

at -60 to -70°C through 10 ml. o f concentrated H2S04 with a layer 

of 0.8 gms. o f benzene on top. The reac t ion is run at room tempera­

ture. This method did not compare favorably with one using a solu­

tion of NalT03 in conc entrated H2 so4 at room temperature. 

{hen gaseous ClN02 is bubbled through concentrated H2so4 , t h e 

mole cule is effectively split into Cl - and N0 2~ ions. A sug
0

esta:l 
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mech anism is by the attack of t h e a cid on t h e ch lorid e group: 

1-1+ CI .~ 0 lHC I~- •✓ Ol II +- . , ·-/\J/ - · N:0_ C -- ' 
I J~ 

/--1 C I 1 -i- /\10 + . ;). 

This is , o f course, b ase d on t h e s truc ture of ClN02 as that shown 

in I. This structure h as not been a ccepted, but we o f fer the 

possibility o f the mechanism above as supp orting eyidence for such 

a structure . Considering the intermediate II , . there s h ould be a 

shift of elec t rons towa rd the ch loride g roup . This shift can be 

compensated f o r b y t h e ele ctrons in the nitrog en to oxyge·n bonds : 

• 

............ (-~ 

Such a me chanism is similar to that g iven by Alexan der( 4 ) for the 

f o rmation of the N02 ion from nitric acid . 
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Little can be said of t he fa te o f t h e N02
1 ion comi ng from 

Cl N02• It is definitely less eff ective t han t hat coming f rom 

Na N03, and yet the solu tion conta ins no chlorine to tie it up . 

v ~ Comparisons o f solut ions of No2+ from Cl N0
2 

and mixed a cid 

solutions should be made with respect to ultra viole t and Raman 

spectra, vap or pressure, freezi ng po i n t s and e l e c trolysis exp eri­

ments (see references g iven by Al exande r( 4 ) on p age 2 50 ). These 

should g ive furthe r evidence of t h e p r esenc e of i o2+ i n t h e f o rme r. 

They may als o g ive s ome i ndication o f the association of the ion 

The fact that nitration of b enze n e fai led in acetic acid 

solutions indicate s tha t a very strong acid is ne ce ssary i n orde r 

~ to ge t effe ctive p rodu ction of N02 ions. In order to measure the 

v concentration of the strong acid needed to y ield N02 ~ ion s, it is 

s uggested t h at solutions of H2S04 and Cl N02 diluted with a ceti c 

a cid be s tudi ed fith respect to ability to nitrate benzene. 

Work on ClN02 in neutral and b a sic me d i a is c onsidered by 

fuitake r!3) Briefly , it is found that t he ClN02 seems to s plit 

i n to Cl and N02- ions in basic me dia. In neutral media, it s eems 

to have inte r mediate behavior. 
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