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Photographs of s o l i d model construetod to rspresent the 

shape of the area of d i n i t r a t ion a f t e r a given timo 

i n t e r v a l . F l a t t r i a n g u l a r s u rface represents composition 

( i n mols.'/j) of " n i t r a t i n g a c i d " . V e r t i c a l height 

represents time of n i t r a t i o n ; t o t a l height = 16 hours. 
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SUMMARY OF WORK. 

A systematic i n v e s t i g a t i o n of the process 
of n i t r a t i o n and an attempt to determine and c l a s s i f y 
the f a c t o r s governing t h i 3 r e a c t i o n has been made. 

The r e a c t i o n between t e r n a r y a c i d s ( c o n s i s t i n g 

of mixtures of sulp h u r i c a c i d , n i t r i c a c i d and water) and 

raononitrobenzene was s e l e c t e d for s p e c i a l study on account 

of the comparative s i m p l i c i t y of the system and the 

absence of consecutive r e a c t i o n s . There i s reason to 

be l i e v e , however, that many of the e f f e c t s noticed for 

t h i s s p e c i a l n i t r a t i o n may w e l l be ap p l i e d t o the general 

process of n i t r a t i o n . 

By expressing r e s u l t s on a t r i a n g u l a r diagram 

(giv i n g the composition of tern a r y n i t r a t i n g a c i d ) i t has 

been p o s s i b l e to define a l i m i t i n g area i n c l u d i n g a l l 

compositions of a c i d s which w i l l n i t r a t e mononitrobenzene 

to dinitrobenzene. The a u t h e n t i c i t y of t h i s area has been 

t e s t e d from many standpoints. 

The p o s i t i o n of "THE LIMITING LINE OF DINIT RATION" 

(which i s the boundary of the d i n i t r a t i o n area) i s determined 

almost e x c l u s i v e l y by the composition of the n i t r a t i n g a c i d , 
at all 

I t depends very l i t t l e , i f upon the r e l a t i v e q u a n t i t i e s 

used, provided the r e i s s u f f i c i e n t M.N.3. present for the 

r e a c t i o n , and that s u f f i c i e n t time i s allowed f o r the 

system to reach i t s end point when no f u r t h e r n i t r a t i o n 

takes p l a c e . 

From the p o s i t i o n of the l i m i t i n g l i n e of 



d i n i t r a t i o n , i t i s proved th a t the chemical a c t i v i t y of 

the n i t r i c a c i d present, as determined by i t s a b i l i t y 

to n i t r a t e , i s quite d i f f e r e n t from i t s thermodynamic 

a c t i v i t y , as measured by i t s p a r t i a l vapour pr e s s u r e . 

A study of heterogeneous or two l a y e r n i t r a t i o n s 

proves that r e a c t i o n v e l o c i t y diminishes with i n c r e a s i n g 

degree of heterogeneity. 

Sulphuric a c i d increases the v e l o c i t y of 

n i t r a t i o n i n an a d d i t i v e manner. 

The function of the sulphuric a c i d i s probably, 

to remove water from hydrates of n i t r i c a c i d u n t i l i t has 

formed su l p h u r i c a c i d monohydrate. After monohydrate 

formation, f u r t h e r dehydrating a c t i o n i s e i t h e r absent 

or very s m a l l . 

Separation into two l a y e r s , determined by 

s o l u b i l i t y of n i t r o compounds i n n i t r a t i n g a c i d s can be 

p r e d i c t e d by a t r i a n g u l a r diagram. 

When a n i t r a t i o n system produces two l a y e r s 

the a c i d i s d i s t r i b u t e d i n such a manner that the greater 

part of the n i t r i c a c i d , together with small q u a n t i t i e s 

of s u l p h u r i c a c i d and water are contained i n the organic 

l a y e r w h i l s t the a c i d l a y e r residue contains n e a r l y a l l 

the s u l p h u r i c a c i d . T h i s a o i d - l a y e r - a c i d i s the l a y e r 

which performs n i t r a t i o n . 

The f a c t s suggest that s u l p h u r i c a c i d when 

di s s o l v e d by the organic l a y e r might form an a d d i t i v e 

molecular compound with nitrobenzene, thus becoming unable 

to dehydrate the n i t r i c a c i d p resent. 
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P A R T 1. 

§ i . NITRIC ACID. ITS PROPERTIES AND CONSTITUTION* 

fa) AGO or ding to V. H. B e l e y and. J . J . Man l e y , 

E . W. Kuster and. 3. Munch, a l s o l u t e n i t r i c a c i d e x i s t s 

only i n snow-white c r y s t a l s s t a b l e below -41°; on melting 

i t p a r t l y decomposes i n t o water and nitrogen pent oxide 

which d i s s o l v e s i n the melted a o i d to form a yellow s o l u t i o n . 

The red fuming l i q u i d known as "fuming n i t r i c a c i d " i s a 

s o l u t i o n containing a v a r i a b l e amount of NgO^ and NOg i n 

concentrated a c i d . 

(b) Many i n v e s t i g a t i o n s on the p h y s i c a l p r o p e r t i e s 

of s o l u t i o n s of n i t r i c a c i d showed the existance of discon­

t i n u i t i e s which have been i n t e r p r e t e d to mean tha t d e f i n i t e 

hydrates are formed. Freezing points were i n v e s t i g a t e d _ 

by 7. H. Veley and J . J . Manley, heat of s o l u t i o n by 

M. Be r t h e l o t , J . Thompson and S. U. P i c k e r i n g , v i s c o s i t y 

by C. Cheneveau, absorption spectra by W. N. H a r t l e y , and 

e l e c t r i c a l c o n d u c t i v i t y and r e f r a c t i v e i n d i c e s by V. H. Veley 

and J . J . Manley. The curves showed s i n g u l a r i t i e s correspond­

ing with hydrates with 14, 7, 4, 3, and 1 HgO. 

H. Erdmann claimed t o have i s o l a t e d by f r e e z i n g at low 

temperatures hydrates with 2, l£, 1 and i HgO. For the present 

purpose we are not concerned w i t h the extensive range of hydra­

t e s supposedly formed by n i t r i c a o i d ? i t i s s u f f i c i e n t t o 

know that the evidence i n d i c a t e s that n i t r i c a c i d may behave 

SECT'ON 



i n s o l u t i o n as a very complex substance undergoing a 

number of changes which are only p a r t i a l l y comprehended, 

(o) C o n s t i t u t i o n ; - N i t r i c Acid i s n e a r l y always regarded 

as being c o n s t i t u t e d with quinquevalent nitrogen but 

I . I . Kanonnikoff i n f e r r e d that the r e f r a c t i v e i n d i c e s 

of a number of n i t r a t e s agreed b e t t e r with t e r v a l e n t 

n i t r o g e n . These two hypotheses are symbolized :-

HO - HO - K ^ g 
A number of workers have discussed the e l e c t r o n i c s t r u c t u r e , 

and from observations on the absorption s p e c t r a of sodium 

and potassium n i t r a t e s i n d i f f e r e n t s o l v e n t s , G. Soheibe 

i n f e r r e d that the n i t r a t e i^on i s di p o l a r , and t h a t the 

e l e c t r o n i c struoture i s such that the f i r s t of t h e following 

forms e x i s t s i n equilibrium with a small proportion of the 

second :-

: 0 : : 0; 
• • • 

H : 0 : U • Ô  
s • 

: 0 ' : 0 : 

(d) The c o n s t i t u t i o n of the n i t r i c a c i d molecule i n 

s o l u t i o n i s not yet d e f i n i t e l y f i x e d but the weight of 

evidence suggests that the molecules i n aqueous s o l u t i o n 

are complex (HIJOgJn, and i n some oases form the equivalent 

of mesonitric a c i d HgH04 W. N. Hartley, B. Aston and 

W. Ramsay, W. H. Pe r k i n , S. U. P i c k e r i n g and V. H. Veley 

and J . J . Manley. Anhydrous n i t r i c a c i d i s probably 

bimolecular HgKgOg; and with a c i d s between 78 and 100$ HNOg 

there i s a mixture of mesonitric a c i d H3HO4 and the 
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bimoleoular a c i d RjyJSgQ^. The former i s supposed to be 
a c t i v e and the l a t t e r i n e r t . 

(e) F u r t h e r l i g h t i s shown on the c o n s t i t u t i o n 

of n i t r i c a c i d by absorption s p e c t r a . K. Sohaefer and 

co-workers found that s o l u t i o n s of the n i t r a t e s e x h i b i t 

s e l e c t i v e absorption, while the alkyle' n i t r a t e s cut o f f 

only the u l t r a - v i o l e t end of the spectrum. D i l u t e nitr#& 

a c i d has a spectrum l i k e that of the s a l t s , but with a 

concentration above £H - HHO3, the e s t e r type appears 

and with the concentrated a c i d there i s only continuous 

absorption. According to A. Hantzsch the o p t i c a l proper­

t i e s i n d i c a t e t h a t two types of molecules can e x i s t , the 

ordinary tru e a c i d molecule H.UO3 which i s i o n i z a b l e and 

give s r i s e to e l e c t r i c a l c o n d u c t i v i t y and the "pseudo a c i d n 

molecule HO.UOg; by a pseudo a c i d he means one which i s 

homopolar with respect to hydrogen, but whose hydrogen atoms 

do not e x e r c i s e an a c i d function, which i n the case of 

oxyacids, are l i n k e d with oxygen i n the form of hydroayl. 

When water i s added the pseudo a c i d becomes a true a c i d 

changing i t s c o n s t i t u t i o n and o p t i c a l p r o p e r t i e s . D. D. Karve 

found that the heat of s o l u t i o n of n i t r i c a c i d i n alco h o l and 

ether supports t h i s hypothesis. I t i s assumed t h e r e f o r e 

t h a t s o l u t i o n s of n i t r i c a c i d contain e q u i l i b r i u m mixtures 

of the pseudo a c i d HO(KOg) and the true a c i d H.NO3 which 

i s assumed to be present a t oxonium n i t r a t e , (H.OHg) (HO3) • 

( f ) The absorption spectrum and e l e c t r i c a l conduct­

i v i t y of n i t r i c a c i d l e d t o the inference that yet a t h i r d 
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type of molecule i s present. Solutions of n i t r i c a c i d 
i n absolute sulphuric a c i d c o n t a i n a l a r g e l y i o n i z e d 
e l e c t r o l y t e which i s more transparent than an e q u a l l y 
concentrated e t h e r e a l or aqueous s o l u t i o n of n i t r i c a c i d . 
Since s o l u t i o n s of aoetio a c i d i n absolute s u l p h u r i c a c i d 
producing an aoetylium oation, behave s i m i l a r l y , i t i s 
i n f e r r e d t h a t a nitronium c a t i o n i s formed by d i s s o l v i n g 
n i t r i c a c i d i n absolute sulphuric a c i d and the s o l u t i o n 
contains nitronium hydrosulphate ^B0(0H)g3 (HSO4), and 

E(0H)g] (HS0±)2. This hypothesis i s confirmed by the 
i s o l a t i o n from s o l u t i o n of the nitronium s a l t s 

K(0H) 2] (CIO4), f » f O % J S20 7. 

§ H SULPHURIC ACID MP ITS HYDRATES. 

(a) While the existence of a l a r g e number of 

hydrates of s u l p h u r i c a c i d has been surmised from the 

p r o p e r t i e s of i t s aqueous s o l u t i o n , only the monohydrate 

and the t a t r a h y d r a t e have been d e f i n i t e l y i s o l a t e d . The 

absolute a c i d fumes at temperatures above 30° due to a 

p a r t i a l d i s s o c i a t i o n into SO3 and HgO. 

(b) A number of p h y s i c a l p r o p e r t i e s of aqueous 

s o l u t i o n s of s u l p h u r i c a c i d are shown i n the accompanying 

diagram ( P i g . t ) which appeared i n Ephraim's "Anorganisehe 

Chemie", I t w i l l be seen that marked changes of d i r e c t i o n 

i n the curves occur at i n t e r v a l s and these are i n t e r p r e t e d 

as pointing to formation of d e f i n i t e hydrates i n s o l u t i o n . 



S u l p h u r i c Acid Monohydrate ;-

(c) I n the present work whioh i s d e s c r i b e d i n 

p a r t 33 of t h i s t h e s i s the s i g n i f i c a n c e of an equimolecular 

mixture of s u l p h u r i c a c i d and water i s very n o t i c e a b l e and leads 

to the b e l i e f t h a t t h i s p a r t i c u l a r mixture i s a v e r y 

Juarportant e n t i t y i n the study of n i t r a t i o n m i x t u r e s . For 

the e x i s t e n c e of t h i s p a r t i c u l a r hydrate, a wealth of 

•videnoe i s a v a i l a b l e . 

(d) S. U. P i o k e r i n g i n h i s c l a s s i c work on 

"The Nature of S o l u t i o n s " found no d i s c e r n i b l e change at 

the point 84.5$ H2SO4 (whioh i s the percentage by weight 

i n the monohydrate mixture) i n the heat of d i s s o l u t i o n curve, 

i n the expansion curve i t vas but f e e b l y marked, and i n the 

f i r s t d i f f e r e n t i a l of the d e n s i t i e s i t -was by no means 

prominent. I n a l l these curves, however, i t was found that 

a repeated a p p l i c a t i o n of d i f f e r e n t i a t i o n showed a v e r y pro­

minent ohange at the monohydrate p o i n t . I t s being p a r t i a l l y 

masked i n the experimental curves may be due to the f a c t 

t h a t t h i s hydrate i s r e a l l y e x c e p t i o n a l l y s t a b l e while 

l i q u i d , a c t i n g as an e n t i t y and forming compounds i n the 

same way as the other s t a b l e l i q u i d s , Tsater and pure a c i d , 

c o n t a i n i n g s e v e r a l fundamental molecules of i t s e l f w i t h a 

s i n g l e water molecule^ on the one hand, and a s i n g l e 

s u l p h u r i c a c i d molecule on the other; the proximity of the 

minor changes due to suoh compounds would i n the absence 

of a very l a r g e number of esperimental p o i n t s , r e s u l t i n 

the rounding o f f of the change which shows the monohydrate 

i t s e l f . 

F l C r U R 6 I 

t/z^cos/rr _ , 

5-o fro 
" I 
Go 
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fe) R. Lespieau f r a c t i o n a l l y c r y s t a l l i s e d a large 

quantity of s u l p h u r i c a c i d monohydrate u n t i l the melting 

point rose to and remained s t a t i o n a r y at 8,53°; a temp­

erature i d e n t i c a l with that determined by P i c k e r i n g , 

The constants i n the equation 

Mx/p s a x + K 

where x • lowering of f r e e z i n g point, 

p » percentage of d i s s o l v e d substance, 

M « Molecular weight of d i s s o l v e d substance, 

a • Constant for s o l i d , 

Z • Constant for solvent, 

were determined f o r a c e t i c , pyruvic and u r i c a c i d s , 

a - 1.2, - 2.7, 13.3 

Z • 48,1, 47.5, 48.0 

Z may therefore be taken as 48, 

The value of Z c a l c u l a t e d from the l a t e n t heat of fu s i o n 

i s 49,5 taking B e r t h e l o t ' s value 31.7 C a l . , and 39,3 ta k i n g 

P i c k e r i n g ' s value 39.9 Oal. Thus from the cryoscopic point 

of view, H2SO4.H2O behaves as an i n d i v i d u a l , 

(f) The r e f r a c t i v e i n d i c e s of sulphurio a c i d at 

d i f f e r e n t concentrations were determined very a c c u r a t e l y 

by V. H. Veley and J . ^.Manley. The maximum value of the 

r e f r a c t i v e i n d i c e s and of the f i r s t constant of Cauchey's 

d i s p e r s i o n formula (/^ - ^ + 6/K * ) ocour at a 

point which corresponds with the composition of a hydrate 

EgSO^.HgO, but otherwise, any i n d i c a t i o n of the existanoe 

of hydrates i s doubtful. Livingstone 7, Morgan and Davis 

found t h a t both the add i t i o n of s u l p h u r i c a c i d to water 
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ana of water to s u l p h u r i c a c i d caused an i n c r e a s e i n 

s u r f a c e t e n s i o n so that d i f f e r e n t concentrations of 

s u l p h u r i c a c i d may have the same surface t e n s i o n at the 

same temperature. The property - composition curve again 

i n d i c a t e d a d i s c o n t i n u i t y a t the point HgSO^.HgO. 

(g) According to S i r D. 0. Masson there i s very 

d e f i n i t e evidence of monohydrate formation i n s o l u t i o n . 

He studied the r e l a t i o n between s o l u t e molecular volumes 

and s o l v a t i o n and i o n i z a t i o n and showed that i n the molecular 

volume curve a d i s c o n t i n u i t y occurs at the point 84.2$ HgS04. 

I t i s noteworthy that a c e t i c a c i d which may be used as a solvent 

for n i t r a t i o n shows a s i m i l a r change i n molecular volume 

at i t s monohydrate p o i n t . 

These and many other f a c t s prove c o n c l u s i v e l y 

t h a t s u l p h u r i c a c i d forms a s t a b l e hydrate with one molecule 

of water. 

§ I I I TERHARY MIXTURES Off HgS0 4 t HHOg and H £0. 

(a) A study of the p r o p e r t i e s of t e r n a r y mixtures of 

HgSO^, HXTOg and HgO y i e l d s f a c t s which throw a c e r t a i n 

amount of l i g h t on the process of n i t r a t i o n i n the presence 

of s u l p h u r i c a c i d . 

(b) A. A. Saposohnikoff determined the vapour 

pressure of d i f f e r e n t strengths of n i t r i c a c i d d i s s o l v e d 

i n s u l p h u r i c a c i d . His data obtained by mixing n i t r i c a c i d 

of s p e c i f i c g r a v i t y 1,52, 1.48 and 1.4 r e s p e c t i v e l y with 



d i f f e r e n t q u a n t i t i e s of absolute s u l p h u r i c a c i d enabled 

him to draw curves i n which the p a r t i a l p r e ssure of the n i t r i c 

a c i d i s p l o t t e d against the a c i d composition. From these 

curves he was able t o p l o t vapour p r e s s u r e points on the 

t e r n a r y a c i d diagram, expressing the composition of the 

mixed a c i d i n terms of i t s three components HUO^, HgSO^ and 

HgO. By j o i n i n g up on the t r i a n g u l a r diagram, points having 

the same vapour pressure he obtained a s e r i e s of curves 

or i s o b a r s of pressure showing at a glance how the vapour 

pressure v a r i e s with a c i d composition over t h e whole range 

of a c i d mixtures* A reproduction from Saposohnikoff*b data 

appears i n F i g XT page ̂ 2, employing the method of t r i a n g u l a r 

00-ordinates fabout which a s p e c i a l s e c t i o n has been compiled 

i n t h i s t h e s i s — see page ) , t o represent the molecular 

composition of the a c i d s . A study of t h i s diagram y i e l d s 

many i n t e r e s t i n g f a c t s which Saposohnikoff has u t i l i z e d i n 

explaining the mechanism of formation of c e l l u l o s e n i t r a t e s , 

( c ) I t w i l l be seen t h a t on adding water t o n i t r i c 

a c i d i n i n c r e a s i n g proportions, the HNOg P a * t * a l vapour 

pr e s s u r e i s r a p i d l y diminished, the v o l a t i l i t y of the n i t r i c 

a c i d being decreased by formation of hydrates coupled with 

simple d i l u t i o n . I n the same way a diminution i n vapour 

pressure ocours when we d i l u t e pure n i t r i c a c i d with pure 

s u l p h u r i c aoid, but i n t h i s case the process i s much more 

gradual and probably due simply to s t r a i g h t f o r w a r d s o l u t i o n 

e f f e c t s , the vapour pressure obeying Henry's Law being 

proportional to the amount of n i t r i c a c i d present over a 
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v e r y wide range of concentration. I f , i n s t e a d of absolute 
n i t r i c a c i d we use a more d i l u t e (say 60$) a c i d for mixing 
w i t h s u l p h u r i c a c i d , we f i r s t of a l l encounter a r a p i d r i s e 
i n vapour pressure, the value reaching a maximum and then 
g r a d u a l l y decreasing on f u r t h e r a d d i t i o n of su l p h u r i c a c i d . 
The Isobars of vapour pressure show optimum values, changing 
d i r e c t i o n at points which l i e very near to the l i n e j o i n i n g 
pure n i t r i c a c i d with an equimoleoular mixture of su l p h u r i c 
a c i d and water, Saposohnikoff explains these maximum vapour 
pre s s u r e points by supposing n i t r i c a c i d when t r e a t e d with 
i n c r e a s i n g q u a n t i t i e s of sulphuric a c i d , to gr a d u a l l y 
d e l i v e r water of hydration, f i n a l l y a t t a i n i n g the almost 
anhydrous s t a t e on the l i n e of equal molecular r a t i o s of 
water and sul p h u r i c a c i d . Further additions of s u l p h u r i c 
a c i d beyond t h i s point only serve to diminish the concen­
t r a t i o n of the a l r e a d y anhydrous n i t r i c aoid and consequently 
a gradual f a l l i s then encountered. Thus those a c i d s contain­
ing the l e a s t quantity of n i t r i c a c i d w h i l s t holding the 
highest vapour pres s u r e s are s i t u a t e d on the l i n e of equal 
molecular r a t i o s of sulphurio a c i d and water, 
(d) Saposchnikoff' s conclusion, that s u l p h u r i c a c i d 

when added to a s o l u t i o n of n i t r i c aoid i s hydrated and 

produces an inc r e a s e d concentration of free anhydrous n i t r i c 

a c i d molecules, was supported by the work of Paschal and 

G a m i e r on the d i s t i l l a t i o n of t e r n a r y a c i d mixtures. 

On the other hand, B e r l and Samtleben i n a s i m i l a r study 

obtained fundamentally d i f f e r e n t b o i l i n g point and vapour 
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composition curves and concluded that for t e r n a r y mixtures 

with over 32$ water, there was no evidence of any water 

binding a c t i o n of the sulphuric a c i d at the b o i l i n g point, 
) ) ) ) - — - ((( 

§ U NITRATION. 

(1) I n f l u e n c e of Nitrous Acid:-

(a) I t has been suggested by a number of workers 

that n i t r a t i o n takes place through the formation of i n t e r ­

mediate compounds with n i t r o u s a c i d . T h i s i s t r u e i n 

c e r t a i n cases but cannot be accepted as the general mechanism 

i n n i t r a t i o n of any aromatic body, 

(b) Denizes observed that c e r t a i n hydroxybenzoic 

aoids can be n i t r a t e d by n i t r o u s a c i d alone and assumed 

that a n i t r o s o compound i s f i r s t formed and then e i t h e r 

decomposed by n i t r i c a c i d or oxidized by n i t r i c oxide, 

a r i s i n g i n e i t h e r case from decomposition of the n i t r o u s 

a c i d , (Thus the a o t i o n of metals on n i t r i c a c i d i 3 probahly 

analagous, a n i t r i t e being formed f i r s t and then decomposed 

by n i t r i c a c i d ) , Orton i n 1907, employing a c e t i c anhydride 

as solvent, excluded the p o s s i b i l i t y of f r e e MOg a r i s i n g 

by adding a l i t t l e carbamide, and obtained a 90$ y i e l d of 

nitroamines. 

(o) Martinson found that n i t r o u s a c i d plays an 

important part i n the n i t r a t i o n of phenol, the r a t e of 

production of HNO2 and the r a t e of n i t r a t i o n running 

p a r a l l e l . When n i t r o u s a c i d was excluded, no n i t r a t i o n 

took place and c u r i o u s l y , although a d d i t i o n of n i t r o s o phenol 

i n c r e a s e d the v e l o c i t y of the r e a c t i o n i t s e f f e c t was almost 
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independent of i t s eoncentmtion. Arnall confirmed the 
view that nitrous aoid autooatalyses the n i t r a t i o n of phenol 
and since i n h i s opinion nitrosophenol was not formed he 
suggested the following mechanism 

06Hg0H +• N g0 4 N02.06H4.OH-4- HNOg 
(The prevention of the reaction by addition of hydrazine to 
remove nitrous acid reminds us of the way that n i t r i c acid 
refuses to react with metals when urea i s added), 
(d) Nitrous a c i d plays no part i n the n i t r a t i o n 
of simple hydrocarbons such as nitro-benztoe, nitrotoluene 
and 2:4-dinitro xylene, which i n the presence of sulphuric 
acid give excellent bimoleoular v e l o c i t y constants* 

(2) Bffeet of the Solvent. 

There i s a good deal of evidence i n the l i t e r a t u r e 
of directive influence of the solvent used during n i t r a t i o n , 
(a) Nitrations carried out i n cold g l a c i a l a c e t i c 
a c i d solutions appeared to,affect the r e l a t i v e amounts of 
ortho - and para - compounds formed, e.g, Witt obtained 
an Blfo y i e l d from aoetanilide with ^ ortho - and \ para -
nit r o compounds* I f n i t r i c a c i d alone was used as a ni t r a t i n g 
agent, the chief product was the para - compound. Sulphuric 
acid i s in general, a met a - directing solvent Tingle and 

others • 
Acetanilide yields m - nitroaoetanilide i n sulphuric acid, 

w • p - nitroaoetanilide i n t r i c h l o r a c e t i c acid 



1% 

Schwalbe also observed, that the solvent had a marked 
orienting influence, thus bensylidene - a n i l i n e , when 
n i t r a t e d i n eonoentrated sulphuric acid at 5° yields 
p - n i t r o a n i l i n e only, but i n g l a o i a l aoetio aoid solution, 
w i t h a mixture of n i t r i c acid and acetic anhydride, a 
mixture of ortho - and para - was obtained, 
(b) Tingle and oo-workers published a series of 

papers dealing with the n i t r a t i o n of a n i l i n e and U - subst­
i t u t e d a n i l i n e s , i n acid solvents ranging i n strength from 
aoetio t o sulphuric and found that a c e r t a i n d i r e c t i v e 
influenoe could be traced t o the acid solvent. I t i s 
well known that a n i l i n e cannot be n i t r a t e d d i r e c t l y , for 
n i t r i c acid converts i t i n t o a t a r r y mass. Some workers 
hold that " s u b s t i t u t i o n " i n the nucleus i s r e a l l y preceded 
by addition or s u b s t i t u t i o n i n the side chain i f one be 

fc 

present, or addition i n the nucleus i t s e l f , followed i n 
eaofe case by subsequent rearrangement* 
(o) Mach work has been done with the object of 
studying the effe c t of d i f f e r e n t atoms or groups on the 
p o s i t i o n assumed by entering groups. Blanksma postulates 
d i r e c t and i n d i r e c t n i t r a t i o n , i n d i r e c t s u b s t i t u t i o n giving 
o h i e f l y 0 - and p - compounds whereas d i r e c t gives p r i n c i p a l l y 
the meta type. Holleman has attempted to determine the 
e f f e c t of r e l a t i v e l y small quantities of water on the nature 
and quantities of the isomers formed. 
(d) The influenoe of a solvent on the v e l o c i t y of 
n i t r a t i o n i s very marked i n the oase of phenol. A r n a l l found 
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that n i t r a t i o n proceeds to the following extent 
I n acetone Bf0 a f t e r 3 weeks 
" ether 68f0

 w 12 hours 
w mixture of alcohol 

and a c e t i c acid 2:1 Ibfo n 48 hours 
w alcohol, 55fo n 48 hours 

Thus by choosing a suitable medium one can conveniently 
accelerate or retard the ve l o c i t y of n i t r a t i o n . I t i s 
moreover possible, that t h i s change i n v e l o c i t y i s somehow 
linked up with the change i n r e l a t i v e proportions of the 
isomers produced for, i n general, n i t r a t i o n s producing 
ortho- and para-derivatives are more rapid than the corres­
ponding met a-nitrations. 

(3) Mtrat ions i n Sulphuric Acid a3 Solvent 

fa) As yet, no s a t i s f a c t o r y theory of the solvent 
nature of sulphuric acid has been advanced. I t i s indeed 
d i f f i c u l t to generalize on t h i s matter beyond a c e r t a i n 
very indefinite point on account of the variety of c o n f l i c t i n g 
facts which must be explained. 
(b) A. A. Saposchnikoff studied the n i t r a t i o n of 
cell u l o s e i n acids consisting of mixtures of n i t r i c and 
sulphuric acids and found a very close p a r a l l e l between the 
n i t r a t i n g power of an acid as measured by the number of 
n i t r a t e radicles introduced into the cel l u l o s e molecule and the 
vapour pressure of the given a c i d . Since he considered the 
vapour pressure to depend on the degree of hydration of the 
n i t r i c acid present he also proposed a s i m i l a r r e l a t i o n 
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between the state of the n i t r i c aoid and the extent of 
n i t r a t i o n . Kullgree"n put forward the theory that n i t r i c 
acid i s only capable of n i t r a t i n g when present i n the 
unhydrated form and that the part played by the added 
sulphuric acid was to set free HNO3 from i t s hydrate or 
hydrates, Berl and Klaye independently studied the n i t r a t i o n 
of cellulose and came to the conclusion that the sulphuric 
aoid could play two opposing parts, f i r s t l y i t favoured 
n i t r a t i o n by removing water, and secondly i t could also 
hydrolyse some of the n i t r a t e groups and thus prevent the 
action from going to completion. This explains why acids 
i n the r i g h t hand corner of the diagram, r i c h i n anhydrous 
sulphuric acid, are unable to n i t r a t e cellulose and (according 
to P a t a r t ) , naphthalene. 

(0) I t must be remembered however that the n i t r a t i o n 
of cellulose i s a decidedly d i f f e r e n t process from the 
n i t r a t i o n of benzdne, toluene and related compounds. I n the 
f i r s t place, " n i t r o c e l l u l o s e " contains no n i t r o compound at 
a l l , but i s a mixture of n i t r i c esters; the chemical r o l e 
played by n i t r i c acid i n i t s formation i s therefore not the 
same as i n aromatic n i t r a t i o n , and ester formation i s a 
reversible reaction; the formation of a nitro-compound i s not. 
I n any case i n " n i t r a t i n g " cellulose, we have a complicated 
heterogeneous reaction i n which the mixed acid must be taken 
up by the cellulose thread before i t i s able to react. 
Cellulose i s composed of a number of f i n e tubes with usually 
a hard, horny, exterior and a hollow i n t e r i o r . The outside 
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layers are n i t r a t e d f i r s t and "become more and more 
impermeable to the attacking acid so that i t i s p r a c t i c a l l y 
impossible t o n i t r a t e the inner layers of material to the 
same extent as the outer layers. An analysis of the n i t r a t e d 
material gives only an average value f o r nitrogen content 
fo r the outer layers may have as many as twelve n i t r a t e 
groups (per 0l2HgQ0 1 0), whi l s t the inner layers may have 
been able to attach no more than s i x . I t may be some 
such process as t h i s protection of the outer layers, that 
enables very strong sulphuric acid to hinder n i t r a t i o n 
of c e l l u l o s e ; and there i s also the p o s s i b i l i t y of the 
formation of sulphuric esters, 
(d) I n the case of a simple hydrocarbon, no such 
complicated effects are encountered since the n i t r a t i o n 
takes place either i n homogeneous so l u t i o n or i n a hetero­
geneous system consisting of two well mixed layers only. 
I t i s therefore quite reasonable to assume that a thorough 
inv e s t i g a t i o n of such a simple system w i l l y i e l d facts which 
are quite l i k e l y to have di r e c t bearing on the action of 
a ternary mixed a c i d . 

End of Part 1 
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S i . USE Off THE TRIANGULAR DIAGRAM 

(1) Repression of Compositions of Mixed Acids. 

fa) I n dealing with the properties of ternary 
mixtures of sulphuric aoid, n i t r i c acid and water, i t i s 
necessary t o have some convenient method of expressing 
results graphically, by means of which one can corelate 
the change i n a certain physical or chemical property 
with v a r i a t i o n of the composition of ternary mixed acid. 
The t r i a n g u l a r method of expressing three variables i n one 
plane i s perhaps most convenient and i s very easily manip­
ulated and interpreted by v i r t u e of the simple geometrical 
properties of an equ i l a t e r a l t r i a n g l e . I f we represent 
pure sulphuric acid, pure n i t r i c acid and pure water at the 
three corners of an eq u i l a t e r a l t r i a n g l e then the composition 
of any mixture of these three i s represented by one point 
i n the t r i a n g l e . 
(b) I n an eq u i l a t e r a l t r i a n g l e the sum of the 
perpendiculars from any point t o the sides i s constant and 
equal t o the height of the t r i a n g l e . I f we therefore 
represent the height of the t r i a n g l e as 100 u n i t s then the 
co-ordinates, (perpendicular distances from the sides) at 
any po i n t , w i l l always give a t o t a l of 100. Thus t o 
represent the mixed acid — 



*fo HgSO 
J $ HJSTOg 
zfo HgO 

a point i s p l o t t e d which i s x un i t s distant from the 
sulphuric acid zero axis, y un i t s distant from the n i t r i c 
acid zero axis and consequently z u n i t s distant from the 
water axis; ( r e f e r to Fig. n , page ^3 ) , The sulphuric 
acid zero i s most conveniently represented by the side 
opposite the corner "Ĥ SÔ ", i. e . , by the l i n e j o i n i n g 
the points marked "HUÔ " and "HgO", s i m i l a r l y y i s the 
perpendicular on the side opposite EUOg and z the perpend­
i c u l a r on the side opposite HgO so that x + y-*-z always 
equals 100. 
(c) The composition of any mixture made from two 
di f f e r e n t acids, whether they be ternary, binary, or 
simply pure single compounds, l i e s somewhere on the 
s t r a i g h t l i n e j o i n i n g the compositions of these two. 
This property holds good on the ternary diagram whether 
we are expressing molecular - percentage - compositions or 
cpmpositions by weight. Thus i n making up a series of 
mixed acids f o r use i n n i t r a t i o n s by mixing a stock strength 
of n i t r i c acid with a stock strength of sulphuric acid i n 
various proportions, a l l the mixed acids have compositions 
l y i n g on the st r a i g h t l i n e j o i n i n g these two. 
(d) Another very useful property of the t r i a n g l a r 
system of representation i s t o be found by considering the 
OEAITSE IK COMPOSITION 01 A TERMRY MIXED AOID DURING- NITRATION. 



So f a r as the aoid i s concerned, the process of n i t r a t i o n 
consists of abstracting MO^ and replacing i t by H20 i n 
molecularly equivalent amounts, the sulphuric acid being 
unchanged in weight. During n i t r a t i o n therefore, the 
t o t a l number of molecules (HgSC^\ EMO$ HgO) remains 
constant; the number of molecules of H2SO4 does not change 
and consequently, by expressing compositions of acids i n 
Molecular percentages on the triangular diagram the 
"Line of Change" of the Aoid Composition must run p a r a l l e l 
to the side HNO3 ~ Epfli (see F i g . page « ) . This 
principle w i l l constantly be u t i l i z e d i n t h i s t h e s i s , 
(e) I n a Weights percentage diagram, on the other 

hand, t h i s property no longer holds, since the t o t a l weight 
(excluding the organic material), i s decreasing as n i t r a t i o n 
proceeds. There i s , however, a constant weight of sulphuric 
acid present and a constant rat i o exists between the weight 
of n i t r i c acid decomposed by the or^ganic material and the 
weight of water returned to the a c i d . I t i s interesting 
to elucidate the direction of l i n e s of acid change i n a 
weights - percentage diagram. For t h i s purpose the compos­
it i o n s of a number of mixed acids and t h e i r i d e a l l y corr­
esponding waste acids have been calculated and plotted on the 
triangular diagram for weights - percentages (Fig. H page 23 ) , 
A table of the calculated compositions i s here appended 
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ams #H 2S0 4 i n M/A 0 20 1. 30 
1 

40 50 60. 70 80 90 
• HUOg " " 100 80 90 70 

• T-

60 50 40 30 20 10 
" HgO n w 0 0 0 

100 

10 

0 1 
0 0 0 0 0 0 

Eotal wgt.of ll/A 100 , 100 
0 

100 

10 

100 _ 100 100 100 100 100 , 100 

Grms ,Hg304 i n W/A 0 20 

0 

100 

10 30 40 50 60 70 80 90 
- -

* HIf03 " W/A 0 0 0 0 0 
17.17 

0 0 0 
8.58 

0 0 
- -

" H O " n 

Z 
28.61 22.89 25.75 20.03 

0 
17.17 14.31 11.45 

0 
8.58 5.72 2.86 

Total wgt.of W/A 28.61 42.89 35.75 50.03 57.17 64.31 71.45 78758 85.72 92.86 

Compn. of W/A (Wgts 
# H0SO4 
I fljo 

0.00 
100.00 

46.63 
53.37 

27.99 
72.01 

59.98 
40.02 

69.96 
30.04 

77.76 
22.24 

83.98 
16.02 

89.08 
10.92 

93.33 
6.67 

96.92 
3.08 

(Abbreviations; I n i t i a l Mixed Acid — M/A. 
Waste Acid — W/A.) 

In the weights percentage diagram (Fig.IT ) , any one red l i n e 
inside the tr i a n g l e s i g n i f i e s a s e r i e s of acid mixtures 
having a fixed molecular percentage of sulphuric acid; i . e . 
i t shows the dir e c t i o n i n which the act of n i t r a t i o n a l t e r s 
composition when t h i s i s expressed i n weights percentage. 
I t w i l l he seen that when the red l i n e s are produced they a l l 
intersect at one point, l y i n g outside the t r i a n g l e . This 
point i s e a s i l y obtained by producing the side HgO - Ĥ Og a n d 

measuring off along t h i s extension two-fifths of the length 
of the side. Actually the height of the point P above the 
base of the t r i a n g l e (HgO - Eg30 4) i n terms of the height of 

63 
the t r i a n g l e as unity, i s expressed by 63-18, i . e . by :-



Molecular weight of MO* 
Change in weight when 1 mol. HgO replaces 1 mol. HNO3 
(f ) By calculating the whole range of ternary mixed 
acids i n weights-percent, one can show an extension of 
this principle together with a corroboration of the numerical 
reckoning of the external convergent points. 
fg) I f one reckons and plots the radiant pointy 
for fixed molecular percentages of OTOg s i m i l a r l y , i b f a l l s 
on the prolongation of the (weight) triangle base 

**2^ " ^2 S^4 *^ u r n s o u * *° stand at a height (from the 
98 

zero sulphuric acid l i n e ) of 1.225 units, which =98-18 * 
Molecular weight of sulphuric acid 

= Mol. weight H2S0 4 - Mol. weight E 20 
(h) Again, the radiant point for fixed molecular 
pereents of water i s a long way off, lying on the 
prolongation of the MO3 - HgSO l i n e ; and i t i s , 

on drawing i t , apparently at the predicted distance (from 

zero HgSC>4 l i n e ) of 
98 i . e . 2.80 u n i t s . 

( i ) Thus nai l i n g these three radiant points respect­
i v e l y Ps, Pn, and Pw, the more complete nomogram i s something 
l i k e 

Where WPs -1.4 units 
WPn = 1.225 " 

P__ UPw = 2.80 w and 

A TO s H3 s SW taken as 1 un i t . 

N 
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From graphical work i t was concluded that the points 
Ps, Pn and Pw l i e on one straight l i n e . 
( j ) I n order t o f u r t h e r extend t h i s p r i n c i p l e a 
general system was tested graphically i n which n i t r i c acid, 
sulphuric acid and water were replaced "by three hypothetical 
compounds of molecular weights 3, 2 and 1 respectively. 
Again, on determining the radiant points P!i , P a, and p 3 , they 
were found t o l i e on a straight l i n e the distances being 
given by 3/£-1\ 2/£-j), and 3/^-2) respectively. 
(k) The General Statement of the Nomogram i s as 
follows :- I f we represent the compositions of any 
ternary system A, B and 0 on a weights-percentage t r i a n g u l a r 

-o 
diagram, then i f we consider the process x.A + y.B-«- z.C • 
x . A + (y+-a)B taking place, the l i n e s of weight composition 
change during the process when produced backwards meet at 
a point Pj which we w i l l c a l l "radiant point of the system". 
This radiant point l i e s on the prolongation of the side of 
the t r i a n g l e j o i n i n g the points C and B and the distance 
of t h i s point from C i s a function of the molecular weights 
of 0 and B respectively and is equal t o Molecular weight of 
compound B divided by the difference between the molecular 
weights of oompounds B and C, (where the side of the t r i a n g l e 
i s taken as u n i t length.) 

Similar considerations apply to the changes 
x.A + y.B -v- z.C - y.B + (x+ z) C 

-Ar 
and x . l + y,B+ a.C * (x+- y)B+- zC 

The three radiant points l i e i n one and the same st r a i g h t l i n e . 
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The principle of th i s nomogram, while useful for a number 
of purposes, w i l l only occasionally be involved i n the 
des c r i p t i o n which follow. 

(2) Quantity of Organic Material involved i n ffltration:-

(a) Since ( i n t h i s work) each molecule of n i t r i c 
acid which disappears converts one molecule of aromatic 
compound into one molecule of nitrated product, i t i s possible 
and proves convenient to read off, upon the triangle showing 
molecular composition of the acids, the molecular quantities 
of the organic material concerned. For example, i f , i n a 
given n i t r a t i o n of mono - to di-nitrobenzene, the amount of 
M.3J.B. (mononitrobenzene) taken i s chemcially eqj&valent to 
the n i t r i c aoid i n i t i a l l y present, then the v e r t i c a l height 
i n the triangle which measures the MOg - content (mols. fo) 
of the p a r t i c u l a r acid w i l l also measure the number of 
mols. of M.H.B. taken per ICO mols. of i n i t i a l mixed a c i d . 
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I t also measures the M.N.B. mols. taken per ICO mols. of 
spent acid, since the number of mols. of t o t a l acid plus 
water remains unchanged during n i t r a t i o n , as has been 
pointed out. 
(b) I f , f u r t h e r , the whole of t h i s M.N.B. i s 
attacked chemically, then the same v e r t i c a l height measure** 
the quantity ( i n mols. per 100 mols. of ternary acid) of 
D.N.B. (dinitrobenzene) formed. I f the M.N.B. i s only 
p a r t l y n i t r a t e d the quantity of D.N.B. formed i s measured 
by a proportional length of the same v e r t i c a l co-ordinate. 
This p r i n c i p l e w i l l be used l a t e r on, p a r t i c u l a r l y i n § H ,00 

(3) Solid Models :-

(a) By employing a t h i r d dimension i n space i t i s 
possible t o express another variable, such as the time 
element; and an attempt to depict the change of acid 
composition at any time during a n i t r a t i o n has been made 
by constructing, from experimental data to be given l a t e r , 
a s o l i d model showing the a c i d composition on a t r i a n g u l a r 
f l a t plane, and the time of n i t r a t i o n by v e r t i c a l height 
above t h i s f l a t t r i a n g l e . Thus by cu t t i n g s l i c e s p a r a l l e l 
to the base, one can obtain an approximate idea of the 
progress of a n i t r a t i o n a f t e r any time i n t e r v a l has elapsed. 
A photograph of t h i s model appears i n the f r o n t of t h i s 
t h e s i s . 



u) §E AREA OF DIMTRATIOfl. 

(1) The Meaning of the Term - 'Area'! 

fa) The present work waa designed to as c e r t a i n 
the shape of an area, (drawn on a triangular diagram express­
ing the percentage compositions of n i t r a t i n g mixed aoidsf, sucl 
that a l l aoids inside t h i s area, are capable of n i t r a t i n g 
mononitrobenzene to dinitrobenzene and a l l acids outside 
t h i s area are incapable of performing t h i s reaction, 
(b) I t i s a well knovn fact that any mixture of 

absolute n i t r i c acid with 100$ sulphuric acid i s capable 
of n i t r a t i n g M.IT.B. (mononitrobenzene) to D.N.B. (dinitro-
benzene) but that i n adaing water, to gradually dilute suah 
a mixed acid, the a b i l i t y to n i t r a t e , gradually diminishes 
and, presumably, at a oertain d i l u t i o n n i t r a t i o n can no 
longer be performed. This i s what happens during a nitration, 
water i s formed and n i t r i c a c i d i s removed from the n i t r a t i n g 
acid u n t i l the acid becomes too dilute to attack more M.IT.B. 
and at t h i s stage, n i t r a t i o n ceases. By ascertaining the 
exact composition at which the a b i l i t y to n i t r a t e ceases 
one i s able to plot t h i s point i n the trianglUfear diagram 
of a c i d compositions and by plotting a number of these 
points, a l l representing l i m i t i n g acid concentrations, one 
can draw a l i m i t i n g l i n e across the triangle which represents 
the boundary between d i n i t r a t i n g aoids and acids unable to 
d i n i t r a t e . Acids more concentrated than these l i m i t i n g 
acids, i . e . , acid compositions lying to the right of the 

Ternary diagram expressing compositions of Mixed Acids 
i n weights-peroent 

Red l i n e s i n d i c a t e l i n e s of change i n compositions of 
Mixed Acids during n i t r a t i o n . 

* 



l l m i t i n g l i n e of d i n i t r a t i o n are a l l able to perform 
d i n i t r a t i o n even i f i t i s to an i n f i n i t e s i m a l l y small 
extent whilst acids to the l e f t cannot d i n i t r a t e even a 
trace of mononitrobenzene. 
(c) I n the l i t e r a t u r e there seems to have been some 
uncertainty about the meaning of the term "area" or "zone" 
of N i t r a t i o n . A. A. Saposchnikoff i n studying the " n i t r a t i o n " 
of cellulose was able to draw three l i m i t i n g l i n e s across 
his t r i a n g l e of n i t r a t i n g acids each l i n e representing the 
l i m i t of a c e r t a i n stage i n the " n i t r a t i o n " of cellulose. 
Patart, studying the n i t r a t i o n of naphthalene also recognised 
a d i v i s i o n into d e f i n i t e zones of n i t r a t i o n ; by recalculation, 
his results can be expressed on a t r i a n g u l a r diagram di v i d i n g 
the t r i a n g l e into four zones, — a zone of tetranitronaphth-
alene, a zone of t r i n i t r o naphthalene, a zone of 
dinitronaphthalene and f i n a l zone of mononitronaphthalene. 
fd) Both these investigators employed the same 
method. They took a f i x e d amount of i n i t i a l mixed acid, 
of knoTOi composition, say 300 grams, and wi t h i t n i t r a t e d 
a f i x e d small amount, say 10 grams of the organic material. 
By measuring the nitrogen content of the f i n a l organic 
product they were able t o p l o t points on t h e i r diagrams, 
grouping together acid compositions giving approximately 
the same n i t r o content i n the n i t r a t e d material. Thus, for 
instance, the area containing a l l acids producing a n i t r o 
product whose n i t r o - content indicated the presence of 
approximately two n i t r o groups was called the "Zone of 
D i n i t r a t i o n " . 
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(e) From the i n d u s t r i a l point of view, which no doubt 
was t h e i r chief consideration, t h i s method of divid i n g i n t o 
"zAnes" has i t s uses but i t s shortcomings i n the realm of 
pure chemistry are many. I n the f i r s t place the n i t r o 
product produced i s only known by an average f i g u r e , i t s 
composition not being completely defined by i t s t o t a l 
nitrogen content since i t may be a mixture of many d i f f e r e n t 
n i t r o compounds. I n the second place the i n i t i a l mixed 
acid used has a d i f f e r e n t composition from the acid which 
i s a c t u a l l y doing the n i t r a t i o n . The actual n i t r a t i n g acid 
i s continually varying i n composition becoming more and more 
d i l u t e as n i t r a t i o n proceeds. This complication i s only 
p a r t l y excluded by taking an excess of i n i t i a l a c i d . F i n a l l y , 
the d i v i s i o n i n t o zones i s only approximate, 
f f ) The present method of defining a "zone" or 
"area" of n i t r a t i o n has many advantages over t h i s older 
method. The general p r i n c i p l e i s si m i l a r , but the exper­
imental method i s capable of much greater accuracy, 
A diagram showing the l i m i t i n g l i n e s of Saposohnikoff, patart 
and Kostevitch ( f o r nitrotoluene) i s given near the end of 
t h i s thesis and a short section i s devoted t o a comparison 
of the re s u l t s of these workers with the results of the 
present work. 

(£) general Plan of present Method. 

(a) I n order t o f i n d the compositions of acids where 
d i n i t r a t i o n ceases, a series of mixed acids are allowed 
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to n i t r a t e nitrobenzene, under s t r i c t l y defined experimental 

con d i t i o n s , u n t i l s u f f i c i e n t water has been produced and 

no f u r t h e r a otion takes p l a c e . By determining the compos­

i t i o n s of the spent a c i d s obtained i n t h i s manner one 

obtains a d i r e c t estimate of the r e q u i r e d l i m i t i n g concen­

t r a t i o n «hich marks a d e f i n i t e property of the a c i d mixture 

analysed. By j o i n i n g the compositions of spent a c i d s one 

can e s t a b l i s h the l i m i t i n g l i n e of d i n i t r a t i o n provided 

t h a t the l i m i t i n g composition, reached, i s independent of 

other v a r i a b l e s * I t w i l l be shorn that the composition of 

an a c i d i n which n i t r a t i o n cease3 at 35° i s , i n f a c t , but 

l i t t l e a f f e c t e d by the conditions of the experiment. 

(3) Ghoioe of M a t e r i a l s . 

fa) I t was pointed out i n f a r t I of t h i s t h e s i s 

(§w,(^U(i)page i 5 " ) t h a t one can minimise the chance of 

consecutive actions taking place, during n i t r a t i o n , by 

choosing a s u i t a b l e m a t e r i a l i n which there i s room for 

only one entering n i t r o group. 

The simple hydrocarbons benzene and toluene are 

very convenient on t h i s account, and of the two, benzene 

o f f e r s the most stra i g h t f o r w a r d type of n i t r a t i o n . 

(b) I n the t r a n s i t i o n from toluene to t r i n i t r o t o l u e n e 
marked 

the three steps are not s h a r p l y / f o r j . n attempting to make 

di n i t r o t o l u e n e , the formation of some t r i n i t r o t o l u e n e i s 

hardly avoidable, and i f only s u f f i c i e n t n i t r i c a c i d has been 



taken to provide for the formation of d i n i t r o compound, 

the formation of some t r i n i t r o t o l u e n e i s n e c e s s a r i l y 

accompanied by the equivalent residue of u n i t r a t e d m a t e r i a l , 

(o) I t was o h i e f l y for t h i s reason that nitrobenzene 

was chosen as a s t a r t i n g m a t e r i a l for n i t r a t i o n ; because 

the transformation of mononitrobenzene i n t o dinitrobenzene 

i s a d e f i n i t e step s i n c e t r i n i t r o b e n z e n e i s only formed with 

great d i f f i c u l t y and i n poor y i e l d by using fuming s u l p h u r i c 

a c i d under high temperature. Mononitrobenzene a l s o possesses 

the advantage of having no o x i d i s a b l e s i d e - c h a i n and the 

c h i e f product of n i t r a t i o n i s the meta-dinitro d e r i v a t i v e . 

The present work has not attempted to d i f f e r e n t i a t e the 

isomeric dinitrobenzenes obtained; doubtless there i s some 

v a r i a t i o n i n t h e i r proportion and t h i s w i l l need f u r t h e r 

study a f t e r the main l i n e s have been c l e a r e d up. For the 

present i t i s only necessary to i n d i c a t e t h a t the d i n i t r o 

products under the most favourable conditions w i l l only 

c o n s i s t of aboutlGjS of a mixture of ortho - and para -

dinitrobenzene, while the majority of n i t r a t i o n s w i l l 

produce considerably over ninety percent meta-compound. 

The present work r e f e r s to the n i t r a t i o n of 

benzene. A few points have also been obtained f o r the 

corresponding n i t r a t i o n of toluene. 

(4) EXPERIMENTAL. 

Methods of A n a l y s i s . 

general;- Both strong "mixed a c i d s " and d i l u t e "waste a c i d s " 



were analysed by the same method, n i t r i c a c i d was d i r e c t l y 

estimated i n a lunge Nitrometer, i n the ordinary way. 

The f i g u r e obtained includes the sma l l quantity of n i t r o u s 

a c i d which i s always present at the end of the n i t r a t i o n . 

U itrous a c i d was also determined s e p a r a t e l y by means of 

potassium permanganate and back t i t r a t i o n with o x a l i c a c i d . 

The q u a n t i t y of n i t r o u s a c i d v a r i e d throughout but was always 

very small and l e s s than one percent. The t o t a l a c i d i t y 

was measured with standard sodium hydroxide s o l u t i o n using 

methyl red as i n d i c a t o r ( s i n c e small q u a n t i t i e s of n i t r o u s 

a c i d q u i c k l y decolourise methyl orange). Knowing the 

concentration of n i t r i c a c i d , sulphuric a c i d was c a l c u l a t e d 

by d i f f e r e n c e from t o t a l a c i d i t y . The concentration of 

D.U.B. i n M.1T.B. at the end of a n i t r a t i o n was estimated 

by a d e n s i t y determination, c a r r i e d out upon the i s o l a t e d 

nitro-body. 

D e t a i l : -

(a) Determination of n i t r i c Acid. 

To ensure maximum accuracy i n a c i d a n a l y s i s 

i t was necessary f i r s t to determine the conditions for 

maximum e f f i c i e n c y of the nitrometer. The y i e l d of n i t r i c 

oxide from a given quantity of n i t r i c a c i d v a r i e s consider­

ably with the concentration of sulphuric a c i d present w h i l s t 

shaking with mercury. A general mixed a c i d was made up^ 

small q u a n t i t i e s of which (weighed out with the Lunge p i p e t t e ) 

were shaken up i n the nitrometer with q u a n t i t i e s of 8 c c s . of 

d i f f e r e n t strengths of sulphuric a c i d . The maximum y i e l d of gas 



was obtained when the t o t a l water content l a y between 

17 and 23$, I f the aoid 7;as more conoentrated than t h i s 

a gradual reduction i n volume was r e g i s t e r e d , r e s u l t i n g 

i n too small a f i g u r e f o r n i t r i c a c i d content. On d i l u t i n g 

below 77$ E^SO^ no n i t r i c a c i d was formed for a considerable 

time, oxides of mercury r a p i d l y form and the whole mixture 

became s t i c k y . I t was also found that a s l i g h t l o s s of 

accuracy amounting to 0.1 or 0.2$ was e f f e c t e d by taking 

readings too q u i c k l y a f t e r shaking, the contents of the 

nitrometer should be allowed to stand for h a l f an hour i n 

order to l i b e r a t e any NO which has been d i s s o l v e d through 

excess pressure caused by shaking. Shaking i s best c a r r i e d 

out, as f a r as p o s s i b l e at atmospheric p r e s s u r e . Two e f f e c t s 

are at work during a nitrometer esti-nation of n i t r i c a c i d , the 

p h y s i c a l or s o l u b i l i t y e f f e c t and the chemical e f f e c t which 

i s analogous to the a c t i o n of n i t r i c a c i d on various metals, 

when d i f f e r e n t products can be obtained by varying the 

d i l u t i o n . Thi3 l a t t e r e f f e c t depends upon the concentration 

of a c i d and between the l i m i t s of 17$ and 23$ water, the 

formation of products other than n i t r i c oxide i s n e g l i g i b l e . 

The s o l u b i l i t y e f f e c t can be corrected by t a b l e s drawn up 

by lunge; he suggests adding 0.2 c c s . n i t r i c oxide at 25°c. 

and 0.3°ocs. at 0°o. At the given strength, however, the 

s o l u b i l i t y of n i t r i c oxide i n sulphuric a c i d must be very 

n e a r l y equal to the s o l u b i l i t y of a i r a l r e a d y d i s s o l v e d i n 

the a c i d before a d d i t i o n . The following r e s u l t s , obtained 

i n an a n a l y s i s of pure potassium n i t r a t e show that a 
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s u r p r i s i n g degree of accuracy can e a s i l y be obtained i n 

nitrometer estimations :-

0.0896 grams of pure ZNO^ y i e l d e d 20.90 cos. of HO at 

757.9 mms. pressure and 13.4°C. 

Vol of 1T0 at IT.T.P. = 19.86 cos. 

This amount of n i t r i c oxide i s t h e o r e t i c a l l y equivalent 

to .0897 grams of KNOg. E r r o r = 1 part i n 897. 

For each a c i d analysed, two or three n i t r o m e t r i c determin­

a t i o n s were made showing i n a l l case3 good agreement. 

Specimen N i t r i c Acid Determination :-

Wgt of Acid used. Vol of HO. P r e s s u r e . Temp. HHO^content. 

(1) 0.3352 grams 24.53 c c s . 763.6 mms 1 9 . 0 ° 19+34^ 

(2) 0.3776 " 27.70 " 763.6 " 1 9 . 5 ° 19.36^ 

Average for two determinations = 19.35^oH2T03 

(b) T o t a l A c i d i t y Determination. 

l i t t l e need be s a i d about t h i s as the method 

employed was simply to t i t r a t e the a c i d against standard 

0.1 normal sodium hydroxide s o l u t i o n . This i n t u r n was 

r e f e r r e d to an ultimate standard made up from a weighed 

quantity of i g n i t e d pure sodium bicarbonate. The a c i d s i n 

a l l cases were weighed by difference from a lunge weighing pipe 

- t t e which minimises transference l o s s e s by fuming. A sharp 

end point was obtained as n i t r o u s a s i d only very slowly 

decolourises the methyl red i n d i c a t o r . The burette wa3 

read to 0.01 c c . Each determination was du p l i c a t e d . 
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Specimen Determination 
Wgt of Acid used, OQs. of HaOH required. 1 oc HaQH i s 

equivalent' t o : -
(1) 5.7238 grams 5.15 1.111 grs acid 
(2) 35.1113 " 31.50 1.114 » " 
Average of two determinations; 1 cc NaOH = 1.113 gms acid. 
( I n previous standardisation, 1 co. NaOH i s equivalent t o 
0.05884 gms Nag003 and the aoid under analysis contains 
5.58$ HU03, 
therefore HITO3 accounts for 0.05223 grams ITagCOg 
and H 2S0 4

 11 n O.oo361 w " 
therefore Stength of sulphuric acid - 0.30$) 
(c) Determination of Nitrous Acid, 

To a sample of -waste acid, standard potassium 
drro\? 

permanganate was added^by drop u n t i l the pink colour persisted. 
The solution was then gradually heated, excess of KI&1O4 being 

ra p i d l y added together w i t h 20 or 30 ecs. d i l u t e sulphuric 
acid. The solu t i o n was kept at 70° f o r f i v e minutes. Excess 
of standard oxalic acid solution was then added and the 
so l u t i o n back t i t r a t e d w i th KMn04 u n t i l a f a i n t permanent 
pink colouration developed. ITitrous acid was i n nearly 
a l l cases considerably less than lf0 and i s expressed i n 
acid compositions as n i t r i c acid, since i t has been proved 
t o play no part i n accelerating or* retarding the n i t r a t i o n 
of nitrobenzene (H. Martinson) the reastion being t r u l y 
bimolecular. I t s presence i s merely dependent on the 
decomposition of a small part of the n i t r i c acid by heating 
effects and f i n a l d i l u t i o n of the waste acid. 

I n the preparation of mixed acids ordinary 
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laboratory fuming n i t r i c acid of a pale yellow colour was 
used i n solution with the purest commercial concentrated 
sulphuric acid, 
(d) Determination of Organic Mate r i a l . 

Preliminary experiments were executed with pure 
r e d i s t i l l e d nitrobenzene "but the actual r e s u l t s recorded 
were obtained with commercial nitrobenzene, s u i t a b l y p u r i f i e d . 
A generous quantity of t h i s was supplied by B r i t i s h Dyestuffs 
Corporation, to whom we are indebted. The mononitrobenzene 
contained i n an i r o n drum wa3 transported during the heavy 
f r o s t s of 1929 and consequently was subjected t o a very 
useful f r a c t i o n a l c r y s t a l l i s a t i o n on the route. The dark 
brown l i q u i d p o r t i o n (a)was drained o f f ( i t contained a 
sediment consisting c h i e f l y of impurities from the metal 
drum), whilst the yellow c r y s t a l l i n e f r a c t i o n fb) on melting 
yielded a l i q u i d gradually changing i n colour from dark 
brown to yellow. An average sample was testes i n the following 
manner 

f l ) 200 grams of f r a c t i o n (b) shaken up with b o i l i n g water* 
Aqueous layer separated o f f and t i t r a t e d against standard 

caustic soda sol u t i o n using pltenolphthalein as in d i c a t o r . 
Only 0.46 cos. of normal UaOH solution was required f o r neutral 
- i s a t i o n so the acid content i s n e g l i g i b l y small. 

(2) A quantity of the (b) f r a c t i o n was d i s t i l l e d . 
Very l i t t l e moisture was present and a l l the l i q u i d d i s t i l l e d 
over at £06 - 208°, giving an amber coloured d i s t i l l a t e . 

(3) A sample of f r a c t i o n (b) was gradually frozen out 



i n an ice cheat and the remaining small quantity of l i q u i d 
drained o f f . 

The following table shows the results of tests 
performed on these refined products 
Material. Setting Point. Density at 15° 
Pure M.2T.B. twice r e d i s t i l l e d 4.6° 1,209 
Commercial (b),dried over Ca(U03)2 5.2° 1.209 
Commercial ( b ) , r e d i s t i l l e d 4.9° 1.209 
Commercial (b ) , a f t e r f r a c t i o n a l 

c r y s t a l l i s a t i o n 4.9 t o 5.0° 1.209 
Thus i n a l l the n i t r a t i o n s described i n t h i s 

paper the organic s t a r t i n g material was the (b) f r a c t i o n of 
comrercial nitrobenzene which has been fu r t h e r p u r i f i e d by 
a second f r a c t i o n a l freezing at 0°c, melting down and 
allowing to stand over anhydrous calcium n i t r a t e i n order t o 
ensure dryness. 

Calcium n i t r a t e i s quite insoluble i n n i t r o ­
benzene as a sample which had been standing over Ca(KOgJg 
for s i x months was tested but gave no i n d i c a t i o n of calcium 
or n i t r i c acid. The material i s coloured a l i g h t brown and 
contains small traces of a n i l i n e or amino bodies since a trace 
of azo dye i s given on dia z o t i s i n g and coupling with 
>3. Haphthol.) 
(e) Estimation of dinitrobenzene 

An elaborate estimation of the n i t r o content 
of organic material a f t e r n i t r a t i o n i s not necessary since 
we are concerned only with waste acids. I t i s important 
however to have a check on the waste acid composition by 
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estimating the amount of n i t r i c a c i d used i n combination 
with nitrobenzene. The a n a l y s i s of the n i t r o product 
i s therefore a very s u i t a b l e c o ntrol t e s t . Two p h y s i c a l 
methods of estimation suggest themselves, the r e f r a c t i v e 
index and the s p e c i f i c g r a v i t y . The former i s ruled out 
on account of the small d i f f e r e n c e s observed i n r e f r a c t i v e 
i n d i c e s of widely d i f f e r e n t mixtures of M.N.B. and D.IT.B. 
and also because of the v a r i a t i o n is. colour of the n i t r o 
product. The densi t y method i s s e n s i t i v e to a s u r p r i s i n g 
degree the only disadvantage being that i n determinations 
with a Westphal Balance, at l e a s t 150 grams of n i t r o product 
must be a v a i l a b l e whereas the r e f r a c t i v e index method 
using a refractometer requires only a few drops of m a t e r i a l , 
( f ) C a l i b r a t i o n of the Westphal Balance. 

A quantity of meta dinitrobenzene was prepared 

and p u r i f i e d by r e c r y s t a l l i s i n g from a l c o h o l , M.Pt. 90°c. 

A number of a r t i f i c i a l mixtures were then made up with 

mono nitrobenzene ( s p e c i f i c g r a v i t y 1.209 at 15°) and t h e i r 

d e n s i t i e s determined by means of a TCestphal Density Balance. 

There was a small but noticeable f a l l of temperature on 

d i s s o l v i n g D.IT.B. and during the density determinations, the 

mixture under examination was surrounded by a water bath 

at 15°c. The following data were used to draw up a curve 

showing the v a r i a t i o n i n density with composition:-



¥gt of D.N.B. i n 100 grams IJ.IT.B. Density at 15° 

0.00 1.2088 

2.08 1.2133 

7.702 1.2237 

12.90 1.2326 

19.74 1,2427 

29.23 1.2564 

35.73 1.2647 

The curve i s very n e a r l y a s t r a i g h t l i n e and by drawing 

to a la r g e s c a l e the concentration of D.II.B. i n 1I.H.B. 

can be e a s i l y measured to 0.1 gms per 100 grams. 

product was to wash w e l l with water, dry over CaflTOgJg and 

measure the d e n s i t y . On comparing with the previous 

c a l i b r a t i o n and knowing the t o t a l weight of n i t r o product, 

the D.U.B. formed during n i t r a t i o n can be e a s i l y estimated. 

I n most cases n i t r o products were already l i q u i d containing 

below 30$ D.IJ.B. but i f any s o l i d was present e x t r a mononitro 

benzene was added to d i s s o l v e up f o r the density determinat io; 

A c o r r e c t i o n was then applied for the e x t r a nitrobenzene 

introduced. 

(5) D e r a i l s of N i t r a t i o n Method. 

(a) The method of n i t r a t i o n was that which i s 

o r d i n a r i l y employed i n the laboratory, c a r r i e d out i n a 

c a r e f u l routine manner. A known weight of mixed a c i d i s 

The method of determining an organic n i t r o 
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introduced into a la r g e round bottomed f l a s k and the 

c a l c u l a t e d quantity of nitrobenzene weighed out i n t o a 

graduated dropping funnel. 5 cos. of M.N.B. i s added 

and the mixture w e l l shaken, heat i s developed and the 

temperature kept below 35° by cooling under the tap. The 

contents of the f l a s k are separated from the outside 

atmosphere by a cork (through which the thermometer passes) 

thus l o s s e s through fuming and e r r o r s through moisture 

absorption are minimised. Additions of M.U.B. are at f i r s t 

slow and i t i s necessary to cool between additions so that 

the temperature does not exceed 35°. When most of the r e a c t i o n 

i s complete M.H.B. may be added at a much quicker r a t e the 

t o t a l time of addi t i o n being between i hour and an hour, 

depending on the amount of n i t r a t i o n taking p l a c e . F i n a l l y 

the n i t r a t i o n mixture i s well shaken the temperature being 

kept constant at 35°c by ̂ mmersing the f l a s k i n a l a r g e 

beaker of water, u n t i l the expi r a t i o n of the given time 

( u s u a l l y 2 hours) , A complete log of each n i t r a t i o n i s 

kept showing the time, temperature and condition of the 

n i t r a t i o n throughout. A note i s a l s o made of the appearance 

of a second phase when the s o l u b i l i t y l i m i t of n i t r o compound 

i n mixed a c i d i s passed and a l s o any observations on pr e c i p ­

i t a t i o n of s o l i d D.N.B. e t c . 

(b) A f t e r completion of the r e a c t i o n , the n i t r a t i o n 

mixture i s cooled and a large quantity of water c a r e f u l l y 

added, cooling a l l the while under a tap. This f i n a l 

d i l u t i o n i s to e x t r a c t a c i d from the organic l a y e r and 



nitro-compounds from the a c i d l a y e r . A f t e r shaking f o r 

ten minutes the contents of the f l a s k are allowed to 

stand for twenty four hours when two c l e a r l a y e r s r e s u l t , 

f i f any s o l i d D.U.B. i s present a f t e r n i t r a t i o n , a f u r t h e r 

quantity of M.H.B. i s added as solvent — a f t e r d i l u t i o n ; 

t h i s f u r t h e r quantity i s l a b e l l e d WM.1I.B.II" i n the t a b l e s , 

fc) The two l a y e r s are separated by a s p e c i a l method 

described below, and analysed i n the usual way for n i t r i c 

a c i d , t o t a l a c i d i t y , n i t r o u s a c i d and dinitrobenzene, Water 

i s obtained by d i f f e r e n c e a f t e r c o r r e c t i o n s have been 

applied for the a d d i t i o n of extra d i l u t i n g water. 

(6) S p e c i a l Method of Separation. 

The diagram shows the arrangement f o r s e p a r a t i o n 

of two l a y e r s . A small pip P i s p r e v i o u s l y blown i n the 

round bottomed l i t r e f l a s k used as n i t r a t i n g v e s s e l ; 

c i s a narrow tube of c s p p i l l a r y bore drawn out to a 

narrow diameter at the end which j u s t dips i n t o the small 

trough P. D i s a s i n g l e bore stop-tap and B the weighed 

r e c e i v e r . The pressure i n B i s lowered by s u c t i o n and 

the three way stop-cock E can be used e i t h e r t o connect up 

the f i l t e r pump with B or as an a i r i n l e t to e i t h e r the 

f l a s k B on the f i l t e r pump. Before separating, the 

n i t r a t i n g f l a s k and contents are allowed to stand for an 

hour, the temperature being kept constant at 35°c by 

emmersing i t i n a lar g e water bath with s u i t a b l y adjusted 
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flame; fon account of the large hulk of water, the temper­

ature can e a s i l y be maintained between the l i m i t s 34° and 

36°). When two c l e a r l a y e r s have s e t t l e d out the s t o p -

oock D i s closed and the c a p i l l a r y tube introduced, 

B i s p a r t i a l l y evacuated u n t i l a head of about 25 cms. of 

mercury i s r e a l i s e d then D i s opened and the bottom l a y e r 

slowly drawn o f f . The l a s t drops of a c i d l a y e r c o l l e c t 

i n P and care must be taken to shake the f l a s k two or 

three times, dislodging any a c i d c l i n g i n g to the s i d e s 

which can be coaxed into the pip by a gentle tapping of 

the f l a s k . The f i n a l separation i s best accomplished by 

drawing the s u r f a c e of separation up to the stop-cock D, 

then by suddenly removing the tap the remaining a c i d i s 

drawn in t o B w h i l s t the nitrobenzene runs back into A. 

I n t h i s way a very accurate separation can be accomplished. 
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Separation without p r e v i o u s l y d i l u t i n g a f t e r n i t r a t i o n i s 
often made d i f f i c u l t by production of a deep red colour 
formed during n i t r a t i o n ; t h i s a r i s e s from t r a c e s of amino 
i m p u r i t i e s present i n the nitrobenzene which couple up with 
n i t r o compounds producing a deep red condensation product, 
soluble i n both l a y e r s . Thus i t i s often d i f f i c u l t to see 
the s u r f a c e of separation unless a bright l i g h t i s s u i t a b l y 
arranged behind the v e s s e l A. A f t e r separation the second 
l a y e r i s drawn o f f into another weighed r e c e i v e r i n the 
same manner. 

(?) Control T e s t s . 

(a) Acid A n a l y s i s : - The a n a l y s i s was o c c a s i o n a l l y 

checked by estimating sulphuric a c i d g r a v i m e t r i c a l l y . 

Good agreement was found, e.g.; -

Experiment E 

By D i f f e r e n c e ( T o t a l a c i d i t y method).. 83.48^ HgSO^ 
Average of 2 determinations 

By gravimetric method (weighing as BaSC^) 83.47$ HgSOA 
Average of 2 determinations. 

(b) R e p e t i t i o n of n i t r a t i o n with d i f f e r e n t t o t a l mass :-

I n n i t r a t i o n t e s t ( a ) , t e s t ( b ) , t e s t ( c ) , the 

s t a r t i n g conditions were i d e n t i c a l except that the t o t a l 

mass involved v a r i e d i n the r a t i o 1: 3: 9; the r e l a t i v e 

amounts of M.1T.B. and mixed a c i d remaining constant. 

The i n i t i a l s t a r t i n g a c i d contained 47.95^ HHOg (molecular 

percentage) and the f i n a l spent a c i d s a, b and c, contained 



respectively 16.1, 15.8 and 14.7$ HITO^ (molecular percentages) 
The v a r i a t i o n is very small and unimportant and is a conse­
quence of the difference i n time between the three n i t r a t i o n s 
because n i t r a t i o n (c) had to be allowed a longer time than (a) 
and (b) on account of the great mass of material present 
and, as w i l l be shown l a t e r , t h i s small reduction i n f i n a l 
n i t r i c acid content i s to be expected on v e l o c i t y consider­
ations . 
(c) Reaction Balance Sheet 

This is a c r u c i a l t e s t of a n a l y t i c a l figures 
and gives, at once, a measure of accuracy of the a n a l y t i c a l 
f i g u r e s . The t o t a l gram molecules of material (acid and 
water and nitrobenzene) are calculated before n i t r a t i o n and 
balanced against the t o t a l gram molecules found a f t e r 
n i t r a t i o n . To obtain perfect agreement would be next t o 
impossible since the number of additive small errors 
involved i n so large, and since water i s only determined 
by difference, but has a very low molecular weight. A rough 
tes t i s t o compare the molecular figures for sulphuric 
acid before and a f t e r n i t r a t i o n , they should be equal — 
and also to compare the loss of n i t r i c acid with the amount 
of D.H.B. formed. Quite good agreement was found i n the 
l a t e r experiments I , I I , I I I XX, hut some of the 
e a r l i e r two hour n i t r a t i o n s 10 — 25 reveal discrepancies 
which can be explained by incomplete washing of the n i t r o 
compound since most of these n i t r a t i o n s were carried out 
before the important experiments on d i s t r i b u t i o n . 



These molecular balance sheets are f u l l y l a i d out i n the 

t a b l e s at the end of t h i s t h e s i s and the following example 

gives some idea of the type of agreement found 

N i t r a t i o n g. Molecular Balance. 

Before A f t e r Difference (Theory = 0) 

.0002 

.0032 

.0001 

.0029 

Mols. E 2 3 0 4 .5798 .5800 
rr HH02 .43431 .0778 
n H 2 0 .2031J .5564 
it M.N.B. 1,7377") 1.3850 
n D.IT.B. 0.0 ) .3528 

T o t a l Mols. 2.9549 2.9520 

( E r r o r i s approximately 1 p a r t per 1000) 

(d) V a r i a t i o n i n Time of Operation :-

I n experiments I , I I XL an i n v e s t i g a t i o n 

has been made into the time element. V e l o c i t y curves 

which v a i l be dis c u s s e d l a t e r w i l l prove that the process 

of n i t r a t i o n at 35°c may take anything from one to 

s i x t e e n hours for completion depending upon the composition 

of the mixed a c i d used. I n general; a n i t r a t i o n takes 

more than two hours for completion and hence a number of 

the two hour points must be regarded as intermediate a c i d s 

governed l a r g e l y by the conditions of experiment. A f u l l 

i n v e s t i g a t i o n has been made into t h i s time e f f e c t , 

(e) V a r i a t i o n i n R e l a t i v e Quantities :-

Re s u l t s go to prove that the v e l o c i t y of n i t r a t i o n 

depends upon the r e l a t i v e q u a n t i t i e s used but the composition 

of the f i n a l spent a c i d (reached a f t e r 16 - 24 hours n i t r a t i o n ) 

i s very l i t t l e , i f at a l l , a f f e c t e d by t h i s c o n d i t i o n . 
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The e f f e c t of changing the r e l a t i v e q u a n t i t i e s i s noticed, 

of course, i n incomplete (or two hours) n i t r a t i o n s where 

the v e l o c i t y of n i t r a t i o n determines the end a e i d composition. 

Sections under the headings " D i s t r i b u t i o n E f f e c t s " and 

"Homogeneous and Heterogeneous N i t r a t i o n s " deal f u l y with 

t h i s question and i t i s p r e t t y c e r t a i n that the c h i e f 

influence at work i s the v a r i a t i o n i n the extent of 

heterogeneity produced by v a r y i n g the r e l a t i v e q u a n t i t i e s 

of mixed a c i d and nitrobenzene which i s d i r e c t l y connected 

with the intimaoy of mixing separate phases during n i t r a t i o n , 

f f ) R e versal of Method of Addition :-

An experimental n i t r a t i o n (IV) was performed 
of* 

by adding mixed a c i d to nitrobenzene i n s t e a d / v i c e - v e r s a , 

A s l i g h t l y d i f f e r e n t waste a c i d r e s u l t s a f t e r two hours 

of n i t r a t i o n but t h i s again i s only a v e l o c i t y change e f f e c t 

which a l s o w i l l r e c e i v e c o n s i d e r a t i o n i n l a t e r s e c t i o n s , 
y 

The r e s u l t s of n i t r a t i o n s are f u l l ) , l a i d out 

i n two s e t s of t a b l e s at the end of t h i s t h e s i s . The 

f i r s t s e t 10 — 25 includes e a r l y n i t r a t i o n s performed 

i n two hours and the second set I XX ' includes 

a number i n which the conditions of time, r e l a t i v e 

q u a n t i t i e s e t c are v a r i e d . I n the f i r s t t able i n each 

set the experimental observations are given; the second 

t a b l e i s c a l c u l a t e d from t h i s and shows the q u a n t i t i e s 

of c o n s t i t u e n t s , by weight, present before and a f t e r 

n i t r a t i o n ; the t h i r d t a b l e gives a s i m i l a r summary i n 

terms of molecular q u a n t i t i e s and the f i n a l t a b l e gives 



the molecular percentage compositions of mixed a c i d s and 

waste a c i d s r e s p e c t i v e l y . T7e cannot a t t a c h much f i n a l i t y 

to the f i r s t set of n i t r a t i o n s and merely include them 

for the sake of completeness, they are a l l two hour 

n i t r a t i o n s i n which the r e a c t i o n has not gone to dompletion. 

I n the second set I W&&% a l l n i t r a t i o n s give good 

"quantity" and "molecular" balance s h e e t s . 

(8) D i s c u s s i o n of the Experimental F a c t a . 

(a) For the purpose of d i s c u s s i o n , the n i t r a t i o n s 

may he d i v i d e d into three main c l a s s e s * 

(1) 2 Hour Heterogeneous N i t r a t i o n s . 

(2) 2 Hour Equimolecular N i t r a t i o n s . 

(3) 16 - 24 Hour N i t r a t i o n s . 

TableSZHTpage ^ 0 ( ? shows the c h i e f experimental data of 

n i t r a t i o n s e r i e s I , I I , I I I , 2X, i n c l u d i n g the 

molecular composition of the mixed a c i d used, the r a t i o 

of the q u a n t i t y of 1I.N.B. (mononitrobenzene) used to the 

quantity of n i t r i c a c i d present i n the i n i t i a l mixed a c i d 

( i n molecular q u a n t i t i e s ) the temperature of the experiment 

and the duration; the type of n i t r a t i o n i . e . two-phase or 

one-pha3e which 13 a l s o described i n p l a c e s as heterogeneous 

or homogeneous; and f i n a l l y the composition of the waste 

• c i d i n molecular percentages. These a c i d compositions have 

been p l o t t e d on a t r i a n g u l a r diagram of molecular compositions 

F i g . HI page 50 . 



fb) Thus i n c l a s s ( l ) we have the p o i n t s XIV, XVI, 

XI, I I , and X. I n c l a s s (2) we have 71 1 X I I , I , and V I I I 

(VI i s not a c t u a l l y i n t h i s c l a ^ s hut we w i l l include i t 

i n order to bring out important poiJmts) w h i l s t the a c i d 

compositions 50, XV, V I I , X V I I I , X I I I , V, and I X belong t o 

the t h i r d c l a s s - — (3) • Three curves have been drawn 

through p o i n t s i n corresponding c l a s s e s so that the f i r s t 

b lack curve (nearest the s i d e HITOg,- HgSO^) represents the 

concentrations of a c i d s a f t e r Z hours n i t r a t i o n ^ i n the 

heterogeneous way, two l a y e r s always being present at the 

end on account of the l a r g e excesses of M.1~.B. employed. 

The second black curve i s the locus of a c i d compositions 

a f t e r Z hours n i t r a t i o n , the molecular equivalent of 

LI.H.B. being used; on t h i s curve moat of the points represent 

heterogeneous ends but a l l p o i n t s above VI end up i n the 

homogeneous, or one l a y e r manner. The red curve, j o i n i n g 

a c i d s i n the t h i r d c l a s s represent the end conditions a f t e r 

at l e a s t 16 hours n i t r a t i o n , t h i s includes both one l a y e r and 

two l a y e r n i t r a t i o n s . 

fc) The paths t r a c e d out by the changing molecular 

compositions of the mixed a c i d s during n i t r a t i o n are 

marked i n dotted l i n e s . These should t h e o r e t i c a l l y run 

p a r a l l e l to the HI"03 - HgO s i d e as pointed out i n the 

s e c t i o n on p r o p e r t i e s of the t r i a n g u l a r diagram aiid s i n c e 

t h e i r a c t u a l divergence from the sulphuric a c i d p a r a l l e l s 

i s i n a l l c a s e s hardly n o t i c e a b l e one can conclude that 

the experimental r e s u l t s are i n very s a t i s f a c t o r y accordance 

with theory. 
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From the p o s i t i o n of the curves on the t r i a n g l e 

i t i s at onoe seen that heterogeneity has a v e r y marked 

ret a r d i n g i n f l u e n c e on the n i t r a t i o n v e l o c i t y s i n c e i n 

every case, an equimolecular 2 hour n i t r a t i o n goes f u r t h e r 

than a more heterogeneous 2 hour n i t r a t i o n . I n the region 

of point I and I I there i s only a s l i g h t d i f f e r e n c e w h i l s t 

as we i n c r e a s e the n i t r i c a c i d content the divergence of 

the two black l i n e s s t e a d i l y i n c r e a s e s reaching a maximum 

somewhere near the points VI and XVI when there i s a 

d i f f e r e n c e of n e a r l y lf0 of n i t r i c a c i d between the two. 

As we i n c r e a s e the n i t r i c a c i d s t i l l f u r t her, the two 

l i n e s approach one another very r a p i d l y . 

(e) The reason for t h i s curious maximum divergence 

i s not f a r to seek when we remember that n i t r a t i o n Y I was 

completed i n one phase w h i l s t n i t r a t i o n XVI became heter­

ogeneous very e a r l y . T7e have therefore the case of a given 

a c i d n i t r a t i n g e a s i l y , since the material undergoing 

n i t r a t i o n i s d i s s o l v e d by i t and t h e r e f o r e i n very intimate 

contact with i t , and on the other hand i n experiment XVT 

we have the same mixed a c i d n i t r a t i n g under great d i f f i c u l t y 

be8euse two l a y e r s are present and even the most vigorous 

shaking cannot e s t a b l i s h such an intimate contact between 

n i t r a t i n g a c i d and the material which i t i s a t t a c k i n g . 

( f ) Now i n experiments I and I I we have a given 

mixed a c i d whose a b i l i t y to n i t r a t e i s hampered i n both vases 

by formation of two l a y e r s . Both are therefore heterogeneous 

n i t r a t i o n s and the d i f f e r e n c e i n n i t r a t i n g v e l o c i t y i s to 

be a t t r i b u t e d o n l f to a d i f f e r e n c e i n the degree of heter-
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-ogeneity which would not have such a "big e f f e c t as the 
d i f f e r e n c e between a one l a y e r and a two l a y e r n i t r a t i o n . 
T7hy there should be such a l a r g e d i f f e r e n c e between the 
points X and T i l l i s r a t h e r d i f f i c u l t to understand, since 
n i t r a t i o n s I and V I I I were equimolecular with respect to 
n i t r i c a c i d content w h i l s t I I and X were heterogeneous to the 
same extent each, having & molecular excess of 3 mo I s . K.1T.E. 
per mol. HITOg. There i s evidently some other e f f e c t apart 
from heterogeneity i n f l u e n c i n g n i t r a t i o n v e l o c i t y i n the 
region of V I I I , for even i f we allow for the experimental 
discrepancy i n sulphuric a c i d content, ( which i s l a r g e r 
f o r the point V I I I than for any other p o i n t ) , there s t i l l 
remains a considerably greater distance between the two 
b l a c k l i n e s at V I I I and Z than at I and I I . I t may be that 
t h i s disappearance of a small amount of s u l p h u r i c a c i d 
i s somehow connected with the apparent i n c r e a s e i n v e l o c i t y 
of n i t r a t i o n or i t may be because two l i q u i d l a y e r s are 
not present i n n i t r a t i o n V I I I , the organic l a y e r coming 
out as s o l i d D.II.B. w h i l s t i n n i t r a t i o n s I , I I and X two 
l i q u i d l a y e r s were present at the end and, as w i l l be shown 
l a t e r , the d i s t r i b u t i o n of a c i d s between the two l i q u i d 
l a y e r s , which d i s t r i b u t i o n e f f e c t being absent when the 
organic l a y e r i s s o l i d , could e a s i l y account for t h i s 
divergence. This experimental f a c t i s worthy of p a r t i c u l a r 
n o t i c e as i t has important bearing on l a t e r d i s e u s s i o n 
d e a l i n g with d i s t r i b u t i o n of components during n i t r a t i o n . 



(9) The Sixteen Hour Curve 

fa) The curve marked i n red on the t r i a n g u l a r diagram 
i s very probably the l i m i t i n g curve of d i n i t r a t i o n . The 
extent of t h i s p r o b a b i l i t y oannot be measured without 
f u r t h e r experiments, and considerations which w i l l be 
g r a d u a l l y brought out i n the r e s t of t h i s t h e s i s . I t would 
not be wise at t h i s stage to a n t i c i p a t e r e s u l t s brought out 
i n the l a t e r matter for we must f i r s t of a l l look into 

the f o l l o v i n g , a s yet unanswerable questions. 

fb) I s there any such thing as a stoppage of 

n i t r a t i o n or do our 16 hour points merely represent p l a c e s 

where the v e l o c i t y of n i t r a t i o n has become so small that 

a very long time elapses before appreciable change i n the 

n i t r i c a c i d contstakes place ?. Granting t h i s point for 

the moment and assuming that our 16 hour n i t r a t i o n s represent 

true f i n a l i t i e s , i t i s s t i l l questionable whether a c i d 

concentration i s the sole f a c t o r dediding such stoppage, or 

whether (e.g.) the amount of excess LI.U.B. may not have 

a share i n t h i s . I f a c i d concentration i s not the sole 

f a c t o r , then there i s no such thing as a l i m i t i n g curve 

i n the t r i a n g u l a r diagram, excepting for a r b i t r a r i l y 

s p e c i f i e d other c o n d i t i o n s . For instance, suppose the 

r a t i o K.1T.B. : m/A (mixed a c i d ) a f f e c t s the end-concentration 

then the l i m i t i n g l i n e becomes a family of l i n e s , each l i n e 

corresponding with some f i x e d excess of M.U.B. 

(c) Next, i s the stoppage a stoppage?. Admittedly 

the 16 hour n i t r a t i o n s show that i t i s p r a c t i c a l l y so; 



s i n c e the change i n n i t r i c a c i d content "between the f i r s t 

two hours and the next fourteen i s very small, "but there 

i s a big d i f f e r e n c e between a very low v e l o c i t y and none 

at a l l . Now i f i t were only a matter of sluggish v e l o c i t y 

at 35°, then r a i s i n g the temperature to say 70°c, would 

make a manifold increase i n speed - i t should do, (according 

to Ivlartinsen 1 s f i g u r e s ) , i n one hour at 70° what would 

take a day or s e v e r a l days at 35° thus by performing a 

high temperature experiment any change i n the " f i n a l " 

spent a c i d should be e a s i l y observed. 

(d) This was p r e c i s e l y the reason for performing 

experiments X V I I I and XIX. Both were c a r r i e d out with 

the same i n i t a l mixed a c i d , the weights of a c i d and LI-IT.B• 

being the same i n each case. Both were c a r r i e d out under 

e x a c t l y the same conditions f o r the f i r s t eight hours the 

operations of additions of IJ.XJ.B. and shaking being accur­

a t e l y d uplicated. A f t e r the f i r s t eight hours of n i t r a t i o n 

at 35°c, the n i t r a t i o n mixture XIX was r a i s e d to a temperature 

of 65 - 70°c and w e l l shaken at t h i s temperature for four 

hours w h i l s t n i t r a t i o n mixture X V I I I remained at 35° for 

another eight hours, I n b r i e f experiments X V I I I and 

XIX were i d e n t i c a l except th a t X V I I I r e c e i v e d s i x t e e n hours 

n i t r a t i o n at 35°c w h i l s t XIX had the equivalent of at l e a s t 

seventy hours at 35°c. I t was found that a l i t t l e more 

n i t r i c a c i d had been used i n the very long n i t r a t i o n 

but the amount i s so small i n comparison with the tremendous 

i n c r e a s e i n duration of n i t r a t i o n that we can s a f e l y say 



5~<? 
that f or a l l p r a c t i c a l ^ purposes our s i x t e e n hour p o i n t s 
represent stoppages and not merely s l u g g i s h r e a c t i o n 
v e l o c i t i e s . 

(e) Since we have e s t a b l i s h e d the a u t h e n t i c i t y 

of n i t r a t i o n stoppages i n the heterogeneous type of 

n i t r a t i o n , i t follows that our "end p o i n t s " f o r homogeneous 

r e a c t i o n s are a l s o t r u e stoppages because, as the curves 

i n d i c a t e , even a f t e r two hours n i t r a t i o n i n the homogeneous 

or one l a y e r region, (see point V I ) , the composition of the 

n i t r a t i n g a c i d has approached much nearer to the l i m i t i n g 

curve (red l i n e ) than i n the heterogeneous region (see point 

211) . 

10 Homogeneous and Heterogeneous n i t r a t i o n s . 

(a) A l l n i t r a t i o n s are homogeneous at f i r s t but 

even a c i d s very strong i n n i t r i c a c i d can he made heter­

ogeneous by t a k i n g a s u f f i c i e n t l y l a r g e excess of n i t r o ­

benzene. Thus v a r y i n g the r e l a t i v e amounts we can i n s u r e 

any degree of heterogeneity. I f we consider equimolecular 

n i t r a t i o n s then we can draw a sharp l i n e between homogeneous 

and heterogeneous n i t r a t i o n s . I n the f i r s t c l a s s the spent 

a o i d i s s u f f i c i e n t l y strong i n n i t r i c a c i d to d i s s o l v e 

i t s molecular equivalent of nitrobenzene whereas i n the 

second class,"before we r e a c h completion, the s o l u b i l i t y 

l i m i t i s passed and two l a y e r s foamed. I n f u r t h e r l i m i t i n g 

t h i s l i n e of demarcation we may consi d e r a homogeneous 

n i t r a t i o n to be one i n which the a c i d i n question i s 
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able t o d i s s o l v e more nitro-compound than i t can n i t r a t e 

and a hetergeneous n i t r a t i o n as one i n which more mat e r i a l 

i s n i t r a t e d than can he r e t a i n e d i n s o l u t i o n . The following 

t a b l e from the r e s u l t s of experiments shows how the r a t i o 

of " n i t r a t a b l e m a t e r i a l " to " d i s s o l v a b l e m a t e r i a l " v a r i e s 

along the range of a c i d s . The d i s s o l v a b l e m a t e r i a l i s 

c a l c u l a t e d from the number of ccs of LI.K.B. present when two 

l a y e r s form and the n i t r a t a b l e m a t e r i a l i s c a l c u l a t e d 

from the f i n a l a n a l y s i s of nitro-compound, ^ T / \ 8 l S U 

Exper^. Gompn.of M/A Mols. M.1T.B. Mols. 1I . I J .B . Time i n 
i n Uols .% f o r two l a y e r s . n i t r a t e d Hours. 

H2SO4 HITO 3 H 2 ° 
XX •0 84.8 15.2 a l l (1.22) .026 2 

50 0 '83.3 16.7 a l l (1.28) .035 j 20 

23 4.9 80.6 14.5 a l l (1.28) .109 ! 2 

217 7.9 75.7 16.4 .14 .099 | 

XV V.9 75.7 1614 a l l (1.75) .2585 
f 

10 12.5 *72.7 14.8 .45 .195 2 

XVI 14.4 70.0 15.6 j 
.265 .127 

VI 14.4 70.0 15,6 .393 .301 2 

V I I 14.4 7 0 . 0 ; 15.6 .364 .328 24 

22 14 .a 69.1 ! 16.7 .5 .128 2 

21 22.7 64.0 13.3 .30 .251 2 

19 22.2. . .68,4 j JL4.4 .23 i _.20l _ 2 

XI • 1 29.8 55.5 14,7 .177 .239 
w 

X I I 29,8 55.5 , 14.7 .157 .262 

X I I I 29.8 •55.5 14.7 .177 .391 

18 33.4 51.1 15.5 9 
• 

.242 2 



( t a b l e l c o n t i n u e d ) : -

Exper­
iment j Compn. of Ll/A 

i n Mols. c/o 
H 2S0 4 HITO3 HgO 

Mols. L l . IT .B. 
f o r two l a y e r s . 

Hols.JUHjB. Time i n 
n i t r a t e d . 

fa) 39.5 48.0 12.5 .15 

fb) 139.5 48.0 12.5 .45 

fo) 39.5 48.0 12.5 1.45 

I 40.8 42.5 16.7 .29 
I I 40.8 42.5 16.7 .16 

I I I 40.8 42.5 16.7 .20 
I Y 40.8 42.5 16.7 TfO l a y e r s 

throughout 
V 40.8 42.5 16.7 .15 
25a 46.2 42.0 11.8 .22 
25b 46.2 

1 

42.0 11.8 

24a 51.3 36.3 12.4 .27 
24b 51.3 J 36.3 12.4 ! .24 

V I I I 47.6 35.6 16.8 .16 

I X 47.6 35.6 16.8 1 .16 

47.6 35.6 16.8 ! .15 
i 

20 t 
54.9 1 33.3 11.8 .16 

-4-
.375 

.824 

2.56 

.63 

.33 

.53 

.51 

.42 

.604 

.513 

.739 

.711 

.41 

.39 

.35 

.497 

Hours 

2 

2 

£ 

2 

2 

8 

2 

16 

2 

2 

2 

2 

2 

16 

2 

2 

? 

0 

h 
m 

According t o the t a b l e the d i v i s i o n "between homogeneous and 

hetergeneous r e a c t i o n s occurs somewhere between a c i d s 

containing 22 and 30 molecular percent of H2SO4. I t w i l l 

be remembered however that numbers 2 2 , 21 and 19 are 

u n f i n i s h e d n i t r a t i o n s and i f allowed to go to completion 

w i l l n i t r a t e to such an extent that the r a t i o M.15.B."&issolvabfc 

/ M.K.B. n i t ratable* becomes l e s s than one. For f i n i s h e d 

s i x t e e n hour n i t r a t i o n s t h e r e f o r e , the d i v i s i o n comes 



y • 

betv/een 14.4 and 20$ HgS04. 

(b) By c a l c u l a t i n g the composition of a c i d s when two 

l a y e r s appear we can d i v i d e the zone of d i n i t r a t i o n into 

two areas, one a r e a being the are of homogeneity and the 

other being the area of two phases thus we can p r e d i c t when 

and where two l a y e r s w i l l form i n any n i t r a t i o n . The 

compositions of these a c i d s are obtained by noting during 

the course of experiments how many gram molecules of organic 

material are required to produce two l a y e r s , s u b t r a c t i n g 

t h i s f i g u r e from the o r i g i n a l n i t r i c a c i d content and 

adding i t to the water content. Sulphuric a c i d i s constant 

and hence we can e a s i l y c a l c u l a t e the molecular composition 

of the new a c i d providing, *b« of course, that we assume 

a l l the mononitrobenzene to have formed dinitrobenzene at 

the formation of two l a y e r s . This assumption i s not quite 

t r u e s i n c e a c e r t a i n small amount of nitrobenzene w i l l be 

i n the mono-state because the r e a c t i o n takes appreciable 

time for completion. 

Table of Acid Compositions at two l a y e r point. 
Ezger- Mols. M.N.B. to C a l c u l a t e d oompn. of " C r i t i c a l " 
iment produce two l a y e r s , two l a y e r a c i d i n Mols. c/o 

H 2S04 HNOg H 2 ° 

24.8 42.7 32.5 

29.8 41.5 28.7 

40.8 30.6 28.6 

47.6 22.6 29.8 

62.9 6.7 30.4 

The c a l c u l a t e d " c r i t i c a l " a c i d s are p l o t t e d on a 

X V I I I 0.29 

X I I I 0.18 

V 0.15 

IX 0.16 

XX 0.19 



t r i a n g u l a r diagram ( F i g . "EL page ^ .) 

(o) I t i s evident, at the outset, that t h i s 

d i v i s i o n of the t r i a n g l e i s dependent on the s e r i e s of 

i n i t i a l mixed a c i d s chosen and i s only true for t h a t 

p a r t i c u l a r s e r i e s . I t i s u s e f u l however i n giving a d i r e c t 

i n d i c a t i o n of the progress of n i t r a t i o n s a c t u a l l y met 

with i n the present work and enables one to say e x a c t l y 

how f a r a given r e a c t i o n v d l l proceed before two l a y e r s 

f i r s t form. S t a r t i n g with any mixed a c i d on the l i n e 

of i n i t i a l mixed a c i d s shown, the molecular conrcosition 

changes during n i t r a t i o n along the sulphuric a c i d p a r a l l e l 

and when i t reaches the l i n e d i v i d i n g the two regions 

"homogeneous" ana "heterogeneous" i t has become sa t u r a t e d 

with d i s s o l v e d organic m a t e r i a l and forms a second l a y e r . 

From t h i s point heterogeneity g r a d u a l l y i n c r e a s e s u n t i l 

the a c i d ends up on the l i m i t i n g curve of d i n i t r a t i o n . 

(d) I t i s noticeable t h a t when between 0 and 55 

molecular percent of n i t r i c a c i d i s present i n the i n i t i a l 

mixed a c i d , the d i v i d i n g l i n e between the two areas i s 

very n e a r l y p a r a l l e l to the l i n e of i n i t i a l mixed a c i d 

compositions, then beyond t h i s concentration i t suddenly 

c u r l s round to meet the l i m i t i n g l i n e of d i n i t r a t i o n . 

A l l i n i t i a l mixed a c i d s having between about 55 and 11 

molecular percent of n i t r i c a c i d are able to d i s s o l v e 

approximately the same amount of n i t r o compound and the 

corresponding n i t r a t i o n s become heterogeneous before they 

have gone h a l f way to completion. Above 55^ n i t r i c the 

n i t r a t i o n s r a p i d l y become more and more homogeneous u n t i l 



ftt 65 to 70 molecular percent of n i t r i c a c i d we reach 

n i t r a t i o n s which are homogeneous throughout. 

( H ) D i v i s i o n of T r i a n g l e i n t o Areas 

which are independent of I n i t i a l C o n d itions. 

fa) As was axiggested i n paragraphic) i n the previous 

s e c t i o n , the s p e c i f i c a t i o n of the boundary a c i d at which 

n i t r a t i o n s become two l a y e r e d i s only p a r t l y t r u e because 

i t r e f e r s only to i n i t i a l a c i d mixtures obtained by 

mixing stock 83.3* n i t r i c a c i d w i t h stock 82% s u l p h u r i c 

a c i d (molecular p e r c e n t a g e s ) . 

By measuring the s o l u b i l i t y , at 35°c, of 

dinitrobenzene i n mixed a c i d s whose compositions l i e on 

the l i m i t i n g curve for d i n i t r a t i o n we can d i v i d e the 

d i n i t r a t i o n area i n t o two separate a r e a s which are inde­

pendent of the i n i t i a l c o n d i t i o n s , and which show a t a 

glance how jflany n i t r a t i o n , u s i n g any i n i t i a l mixed a c i d 

(which may be any a c i d w i t h i n the d i n i t r a t i n g area) w i l l 

end up when i t reaches the d i n i t r a t i n g boundary. The 

f o l l o w i n g c o n s i d e r a t i o n s w i l l make t h i s c l e a r , 

(b) Adopting as t r u e the l i m i t i n g curve for n i t r a t i o n . 

Consider a n i t r a t i n g mixed a c i d of i n i t i a l molecular 

composition marked 0, on the HgS0 4 - p a r a l l e l LM, shown i n 

the diagram given on next page. I f we use 100 mols. of 

i t t o n i t r a t e OR mols. of mononitrobenzene to dinitrobenzene, 

the composition of the a c i d w i l l now be represented by 

the point Q s i n c e i t has l o s t OR mols of HIiFOg. I * no 
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extra mononitrobenzene has been added, only one phase w i l l 

"be present at the end since the a c i d Q i s able to d i s s o l v e 

a l l the d i n i t rob enaene (OR mols.) formed and s t i l l he 

unsaturated with d i s s o l v e d m a t e r i a l . 

(c) How suppose we take 100 mols. of t h i s waste 

a c i d Q and a r t i f i c i a l l y saturate i t with dinitrohenzene 

at the given tennerature, 35°; then c a l l i n g t h i s s o l u b i l i t y 

x mols. dinitrohenzene per 100 mols. waste a c i d Q, we can 

draw an HITO3 - p a r a l l e l through Q - R; and go along i t u n t i l 

the v e r t i c a l i n t e r c e p t between i t and the HgSO^ - p a r a l l e l 

measures x u n i t s . This i s drawn above, the i n t e r c e p t ^ 

being marked PT» 

(cl) We are now able to make a d e f i n i t e statement 

about the mixed a c i d at the point P. I t has the same 

mols. fo of H2304 a s the f i r s t a c i d marked 0, and so would 
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end up at 3 as "before. I f we n i t r a t e mononitrobenzene with 
the a c i d of composition P; again avoiding any excess of 
mononitrobenzene, PT mols. of mononitrobenzene w i l l be 
used up giving r i s e to PT mols. of dinitrobenzene per 1 0 0 
mols. of waste a c i d Q, The waste a c i d w i l l therefore be 
j u s t saturated with dinitrobenzene. I f one did a t h i r d 
n i t r a t i o n with mixed a c i d behind P-;say M7 then on i t s 
ceasing to n i t r a t e (at Q) i t would have made y too many 
mols. of dinitrobenzene for i t to keep i n stable s o l u t i o n . 
Hence for the given sulphuric a c i d p a r a l l e l , the point P 
represents the l i m i t i n g composition of a mixed a c i d for 
homogeneous n i t r a t i o n , and i t i s found by measuring the 
s o l u b i l i t y of dinitrobenzene i n the a c i d q, and measuring 
off as i n d i c a t e d . 

(e) S i m i l a r l y , on a second sulphuric a c i d p a r a l l e l , 

i f the waste a c i d v w i l l d i s s o l v e x'mols. of nitrobenzene 

then the i n i t i a l mixed a c i d which j u s t performs i t s n i t r a t i o n 

i n one l a y e r i3 represented by the point P 1; any a c i d behind 

P 1 w i l l eventually end up by producing two l a y e r s . The 

locus of the point P therefore i s the true boundary between 

homogeneous and heterogeneous n i t r a t i o n p i , i f we define 

a "heterogeneous" n i t r a t i o n as one which, when i t has gone 

to the l i m i t marked by the l i m i t curve with no excess of 

M.U.B., has produced two l a y e r s . 

( f ) BXPERBMTAL:-

Petermination of S o l u b i l i t y of D.N.B. i n F i n a l miste Acids 

A s e r i e s of l i m i t i n g waste a c i d s , was made up 

by d i l u t i n g the o r i g i n a l mixed a c i d s marked i n 



diagramtf='<r5T page GO , with water u n t i l they reached the 

l i m i t i n g curve of d i n i t r a t i o n marked by the red l i n e on 

the same diagram. 

Saturated s o l u t i o n s m-dinitrobenzene were made 

by shaking with excess of D.IT.B. at 40°c and gradually c o o l i n 

to 35°c with shaking. The excess D.H.B. was f i l t e r e d off 

through g l a s s wool and a weighed sample of sat u r a t e d s o l u t i o n 

flooded with water, the p r e c i p i t a t e d D.IT.B. f i l t e r e d off, 

w e l l washed, d r i e d and weighed. 

Sometimes on heating to 40°c, two l i q u i d l a y e r s 

are formed, the melting point of dinitrobenzene being 

lowered by presence of d i s s o l v e d a c i d s . I n these cases, 

only a s l i g h t excess of B.II.B. was taken and the t r a c e of 

organic l a y e r allowed to f l o a t on the surface while the 

c l e a r s a t u rated s o l u t i o n was drawn off and examined as above. 

Experimental r e s u l t s of S o l u b i l i t y Determinations. 

The experimental r e s u l t s are summarised i n 

table/on the following page. 

The compositions of " c r i t i c a l " a c i d s have been 

p l o t t e d on the t r i a n g u l a r diagram, F i g . ^ page Go , and 

the curve drawn through these p o i n t s represents the locus 

of the point P as dealt v/ith i n the previous mathematical 

s e c t i o n . 

Any mixed a c i d i n the area painted red w i l l 

n i t r a t e completely i n one phase, i . e . the D.U.B. i t produces 

during n i t r a t i o n w i l l be completely dissolved by i t . Any 

mixed a c i d i n the green area w i l l form two l a y e r s before 



3 o l u h i l i t y of P.N.B. i n Ternary Acicu l y i n g on l i m i t i n g 
l i n e of P i n i t r a t i o n . ( a t 35°o). 1 gg 

<1) (Z) (3) (4) (5) 
Gompn of 
l i m i t i n g 
a c i d 
Mola .jS 

( H 2 S 0 4 
I HIJOg 
(H 2O 

50.0 
0.0 

50.0 

17.6 
41.0 
41.4 

30.4 
22.5 
47.1 

82.0 
0.0 

18.0 

67.1 
0.0 
32.9 

Srms Acid 112.59 51.51 88.16 51.36 74.75 
Grrms D.H.B. 
dissolved 4*52 17.14 8.08 19.52 16.42 
I n i t i a l Acid 
consists of :-
Hols. / H 2S0 4 .9697 .1793 .5107 .5034 .6990 

HITOg .0000 .4179 .3780 .0000 .0000 

• \ H 20 .9697 .4219 .7912 .1105 .3435 

LIols. D.N.B. 
dissolved .0269 .1020 .0481 .1161 .0977 

" C r i t i c a 
consists 
Liols / 

i " Aoia 
of :-
' H 2 3 0 4 

.9697 .1793 •5107 .5034 .6990 
t t HITOg .0269 .5199 .4261 .1161 .0977 
n H£° .9428 .3199 .7431 (-.0056) .2458 

Compn of (H9SO4 
" c r i t i c a l " * 
a c i d i n <HIT03 

Hols mf9 1 
\H2O 

50.0 
1.8 

48.2 

17.6 
51.1 
31.3 

30.4 
25.4 
44.2 

82.0 
18.9 
(-0.9) 

67.1 
9.4 

23.5 

3tate of 
organic l a y e r S o l i d L i q u i d L i q u i d S o l i d S o l i d 

n i t r a t i o n has gone t o the l i m i t . Thus the m a j o r i t y of 
n i t r a t i o n s w i l l he of the heterogeneous type i f one chooses 
i n i t i a l mixed acids w e l l hehind the l i m i t i n g l i n e of 
d i n i t r a t i o n , hut at the same time hy choosing s u f f i c i e n t l y 
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d i l u t e I n i t i a l mixed a c i d s , confined to the narrow red "belt 

near to the d l n i t r a t i o n l i m i t , a l l n i t r a t i o n s can "be made 

to proceed i n one phase. 
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(f\<*^ £?7IT HYP RATS FORMATION. 

(a) At the end of six t e e n hours vigorous shaking 
w i t h M.1T.B. at 35° apparently no f u r t h e r change takes place 
i n the composition o f a t e r n a r y a c i d . The q u a n t i t y of 
n i t r i c a c i d remaining i n t h i s spent acid depends upon the 
concentration of sulphuric a c i d and water. Since there i s 
no tendency f o r n i t r a t i o n t o "be r e v e r s i b l e , we cannot perhaps 
s t r i c t l y say that the a c i d i s an " e q u i l i b r i u m " mixture, "but 
at any r a t e the r e a c t i o n has reached completion. The 
n a t u r a l inference i s t h a t the n i t r i c a c i d now present i s 

no longer i n the same st a t e i n which i t existed i n acids 
capable of n i t r a t i o n . I n these, t h e r e f o r e , a c e r t a i n 
m o d i f i c a t i o n o f the n i t r i c acid,capable of n i t r a t i o n , i s 
present and the concentration of these a c t i v e mftlecules 
or m o d i f i c a t i o n s of n i t r i c a c i d must be d i r e c t l y c o n t r o l l e d 
by the concentrations of sulphuric a c i d and v?ater. 
(b) A l l spent acida l i e t o the l e f t of the l i n e 
J o i n i n g HITO3 and an equimolecular mixture of HgSO^ and 
HgO; and since the l i m i t i n g l i n e of d i n i t r a t i o n passes 
through the p o i n t H2SO4, HgO we have d e f i n i t e i n d i c a t i o n 
of the f o r m a t i o n of sulphuric a c i d monohydrate as a 
f a c t o r i n n i t r a t i o n . That t h i s equimolecular mixture 
i s e s s e s t i a l l y a monohydrate of sulphuric acid i s w e l l 
a t t e s t e d by a la r g e number of other p r o p e r t i e s ( which have 
been summarised i n p a r t I of t h i s t h e s i s ) . A l l the spent 
acids can th e r e f o r e be regarded as composed of H23O4, HO 



HgO and HNO^. As the n i t r i c a c i d content r i s e s , the 
pr o p o r t i o n of water over and above that needed t o form 
HgSO^.HgO also r i s e s ; the molecular r a t i o of t h i s excess 
water t o HITO3 i s f a i r l y constant a t 1 ; 1 up t o 12$ EHO* 

* o 

when i t g r a d u a l l y f a l l s o f f and at the p o i n t where the 
curve meets the side HITO3-H2O, the r a t i o ElSOg/exeess HgO s 

82/18. 
(c) From these data i t would seem t h a t , g r a n t i n g 
the monohydration of a l l the s u l p h u r i c a c i d , there remains 
a s e r i e s of mixtures i n vfliich an-hydrous n i t r i c a cid muet 
predominate over hydrated n i t r i c a c i d , and i n a l l of which 
the chemical a c t i v i t y towards nitrobenzene i s equal. Yet 
a cursory glance at the vapour pressures of HUO* from 
these acids - drawn from Saposchnikoff data i n F i g . X L ^ i s 
enough t o show t h a t the acids vary i n vapour pressure over 
an ei g h t or n i n e - f o l d range; i n short the chemical a c t i v i t i e s 
and the thermodynamic a c t i v i t i e s do not agree at a l l . 

I f we consider a l l the sulphuric a c i d of spent 
acids t o he hound up as monohydrate we can r e c a l c u l a t e compos­
i t i o n s to show how excess water and n i t r i c acid compare. 
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By p l o t t i n g the r a t i o of excess water t o n i t r i c a c i d 
against the sulphuric a c i d content a curve i s obtained 
showing a sharp maximum at the p o i n t where the r a t i o of 
molecules of HITO3 t o molecules of HgO i s approximately 
1 : 1 and a k i n k at the p o i n t 2(111103),H^O (see F i g page ) . 
There i s a c e r t a i n amount of s i g n i f i c a n c e about the p o i n t s 
HROgJfgO and EfHNOg) JI^O since several workers have supposed 
d e f i n i t e hydrates t o e x i s t at these concentrations ( see 
t h i s t h e s i s , p a r t I ) , the matter however i s h i g h l y speculative 
and w h i l s t not d i s p u t i n g the p o s s i b i l i t y of t h i s n i t r i c 
a c i d hydrate formation i n the spent acids i t i s d i f f i c u l t 
t o se how an acid d i s t r i b u t e d unevenly between two 
phases can be considered as a whole i n anything but 
e m p i r i c a l terms. 

(d) Kullgren concluded that n i t r i c a c i d i s only 
capable of n i t r a t i n g when present as the compound HIJOg and 
not as a hydrate; the p a r t played by the sulphuric a c i d 
being t o set f r e e the v i t a l molecules of anhydrous n i t r i c 
a c i d from the hydrate or hydrates present (190?) • There 
i s not much doubt t h a t the f u n c t i o n of the sulphuric acid 
i s t o remove water forming the stable monohydrate H2SO4.H2Q 
but there i s no d e f i n i t e reason f o r concluding t h a t the a c t i v e 
c o n s t i t u e n t formed i n the process i s the anhydrous molecule 
of n i t r i c a c i d f o r then we would expect fuming n i t r i c 
a c i d t o have a greater n i t r a t i n g power than acids with more 
water present; (the amount of water r e f e r r e d to i s excess 
water over and above t h a t required t o KgSO^KgO f o r m a t i o n ) . 
Such i s not the case. The c o n s t i t u t i o n of n i t r i c a c i d i n 
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i t s aqueous s o l u t i o n s i s not yet d e f i n i t e l y s e t t l e d as a 

great deal of c o n f l i c t i n g r e s u l t s have yet t o be explained. 

I t i s probable however, from absorption spectrum data t h a t 

two kinds of molecules e x i s t :- the pseudo a c i d H0.(UOg) and 

the true a c i d ENO3 which i s assumed to be present as 

oxonium n i t r a t e , (H.OHg)(NO3). (when suj p h u r i o a c i d i s 

added yet a t h i r d type of molecule i s considered to e x i s t 

g i v i n g r i s e to nitronium hydrosulphate | HO(OH)£ J (HSO4), 

and [H(QH) 3] (HSG^Jg. ITitronium n i t r a t e , ̂ N f O H ^ ( l I 0 3 ) g 

must t h e r e f o r e e x i s t i n anhydrous n i t r i c a c i d . The 

absorption s p e c t r a of aqueous s o l u t i o n s show that nitronium 

n i t r a t e i s completely hydrolysed by the a d d i t i o n of one 

molecular proportion of w a t e r ) , w# H a r t l e y s t u d i e d the 

ohange i n absorption spectrum on adding s u l p h u r i c a c i d 

to n i t r i c a c i d and concluded that s u l p h u r i c a c i d d i s p l a c e d 

the e q u i l i b r i u m between the two types of n i t r a t e spectrum 

i n such a way t h a t by i n c r e a s i n g c o n c e n t r a t i o n of H2SO4 

the e s t e r type of molecule i s made t o predominate over the 

tr u e a c i d type. The mechanism must be somewhat a s fo l l o w s : -

(H.OHg) (HOg) +• H2SO4 — f HO.IJOg H 2S0 4.H 20 

Any f u r t h e r water above s u l p h u r i c a c i d monohydrate w i l l a c t 

i n the r e v e r s e d i r e c t i o n with respect to thef n i t r i c a c i d 

molecule thus :- EO.UOg+ HgO — > (H.OEg) (IIO3) 

(e) Granting t h i s displacement of e q u i l i b r i u m we 

must assume that i t i s the pseudo a c i d which i s instrumental 

i n causing n i t r a t i o n of nitrobenzene, p o s s i b l y by f i r s t of 

a l l d i s s o c i a t i n g into j f r e e (HO) and (U0 2) r a d i c a l s , the 

(HO) combining w i t h hydrogen ions from i o n i z e d t r u e a c i d 
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(or i t s oxoniuin s a l t ) t o form water w h i l s t the fre e HOg 
group attaches i t s e l f t o the organic molecule, Whilst 
not dogmatising on the idea of pseudo a c i d production i t 
o f f e r s at any rat e a p l a u s i b l e explanation of how sulphuric 
aoid may perform i t s work i n increasing the n i t r a t i n g power 
of a c i d mixtures. 



§ H6Cto~ VELOCITY OJ1 TITRATION REACTION. 

Very few f i g u r e s can be gathered together from 

the l i t e r a t u r e to show any l i g h t on the question of 

r e a c t i o n v e l o c i t i e s i n connection with the n i t r a t i o n of 

mononit rob enzene • 

(a) An elaborate i n v e s t i g a t i o n into one side of 

the question, however, appears i n a paper by Haavard Martinson 

- 1905. He unfortunately confines h i s a t t e n t i o n to a narrow 

b e l t of mixed a c i d s l y i n g very near the HgO - HgS0 4 side 

of the t r i a n g l e , l e a v i n g the major part of the t r i a n g l e 

unexplored. His object i n using such a s e r i e s of a c i d s 

was l a r g e l y to keep the mixtures homogeneous i . e . h i s 

mixed a c i d s l a y i n the a r e a painted red i n the previous 

t r i a n g u l a r diagram Fig.W. page ^ . The present work was 

not planned to i n v e s t i g a t e r e a c t i o n v e l o c i t i e s d i r e c t l y 

but s i n c e experiments I - — JUL can be regarded as an i n v e s t ­

i g a t i o n i n t o the time element, approximate curves can be 

drawn which bring out many important f a c t s . 

(b) Seven d i f f e r e n t mixed aoids, d i s t r i b u t e d across 

the t r i a n g l e have been used to n i t r a t e M.N.B. for periods of 

time ranging, with each a c i d of the seven, from 2 hours to 

£4 hours• By estimating the change i n n i t r i c a c i d content, 

as determined by waste a c i d a n a l y s i s , an approximate r e l a t i o n 

can be e s t a b l i s h e d between the n i t r i c a c i d used up i n n i t r a t i o n 

and the time of r e a c t i o n . The f i g u r e s for each experiment 

have been r e c a l c u l a t e d so th a t i n each case we consider the 

i n i t i a l weight of n i t r i c a c i d present to be 100 grams. 
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Table "ZL shows the r e c a l c u l a t e d data. By p l o t t i n g the 
amount of HNO3 disappearing against the time of r e a c t i o n 
the ourves shown i n diagram3ZHL page 7o are obtained. 
(0) At the outset, i t must be pointed out 
t h a t these ourves are not amenable t o mass-action treatment 
since t h e a c i d solvent i s c o n t i n u a l l y changing i n composition 
and most of the curves r e f e r t o heterogeneous n i t r a t i o n s 
where the v e l o c i t y of r e a c t i o n i s governed l a r g e l y by the 
intimacy of mixing of the two l a y e r s . 
(d) I t has been a matter of no l i t t l e d i f f i c u l t y 
t o construct these curves since the experimental course 
was not designed f o r t h i s purpose. Data pa scarce and 
complications due t o heterogeneity etc are p a r t i c u l a r l y 
troublesome. I n t h e i r c o n s t r u c t i o n the f o l l o w i n g course 
was adopted as being the most reasonable 
(e) A l l the poin t s I — XX were marked on the 
diagram regardless of a l l conditions except n i t r i c a c i d 
content and t i m e . At the side of each p o i n t , i n brackets, 
i s given the key t o the r e l a t i v e q u a n t i t i e s used i n each exper| 
iment. I t i s obvious t h a t we cannot draw a curve through 
p o i n t s obtained by n i t r a t i n g under d i f f e r e n t i n i t i a l 
c o n d i t i o n s , even i f the i n i t i a l mixed a c i d compositions 
are i d e n t i c a l . For instance, 21 and XTTI belong to t h e 
same mixed a c i d but X I i s more heterogeneous that i X I I I 
since the molecular r a t i o o f M.N.B. used t o n i t r i c a c i d 
present a t the s t a r t i s , f o r p o i n t XI — 2.4, and f o r p o i n t 
X I I I l # 0 . But another p o i n t , X I I , has the same r e l a t i v e 
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molecular q u a n t i t i e s r a t i o as n i l , both being equimolecular 

n i t r a t i o n s therefore X I I and X I I I belong to the same system and 

oan be connected by a smooth ourve passing through the o r i g i n . 

This curve marked w h n shows how the v e l o c i t y of n i t r a t i o n 

v a r i e s w i t h the time f o r the given equimoleoular c o n d i t i o n s . 

I n the same way the points VI and V I I are r e l a t e d and 

can be joined by a second curve — e. 

( f ) How consider the point XVI which represents 

the quantity of n i t r i c a c i d which has disappeared i n two 

hours. Both VI and XVI had the same i n i t i a l mixed a c i d 

but n i t r a t i o n XVI, being the more heterogeneous of the two 

has not proceeded so q u i c k l y as n i t r a t i o n VI; even a f t e r 

n i t r a t i n g f o r s i x hours under these conditions of hetero­

geneity, the n i t r i c a c i d consumption i s s t i l l short of 

that achieved i n the two hours of homogeneous n i t r a t i o n -

see points XVTI and V I . A curve "d" has been drawn through 

the p o i n t s XVI and XVTI to represent the change i n r e a c t i o n 

v e l o c i t y during the more heterogeneous type of n i t r a t i o n . 

(g) Jor a given mixed a c i d , t h e r e f o r e , we must 

draw a bunch of curves to represent the change i n r e a c t i o n 

v e l o c i t y , each curve being governed by the i n i t i a l conditions 

of r e l a t i v e q u a n t i t i e s used. These bunches of curves are 

contained w i t h i n the 3haded areas on the diagram; n^m; the 

upper l i m i t s of these shaded areas, represented by the curves 

6, j , h, e and o, being t r u e f o r the l e a s t heterogeneous types 

of n i t r a t i o n s performed i n the a c t u a l experiments; and the 

lower l i m i t s , represented by the curves k , i , g, d, and b, 

being t r u e f o r the conditions of maximum heterogeneity thosen. 



(n) l e t us now consider, more c a r e f u l l y , these 

bundles of c u r v e s . The f i r s t question c a l l i n g for answer 

i s "Do these bundles taper to a point i f a s u f f i c i e n t l y 

long p e r i o d of time i s taken?" I f they do, i t means t h a t 

heterogeneity i s merely a r e t a r d i n g f a c t o r and the f i n a l 

waste a c i d produced i s independant of the r e l a t i v e q u a n t i t i e s 

taken. This question cannot be answered c o n c l u s i v e l y 

without a f u r t h e r compilation of a good deal of e x t r a 

experimental points on the curves but the weight of 

evidence i s i n favour of a tapering e f f e c t . I n every case 

the more heterogeneous curve approaches the more homogeneous 

one as the time i n c r e a s e s and the only point about which 

there can be any doubt, i n t h i s respect, i s the point marked 

ZVTI. We can s a f e l y say that i f the r e l a t i v e quantity of 

mononitrobenzene to mixed a c i d has any i n f l u e n c e on the com­

p o s i t i o n of the f i n a l spent a c i d , t h i s i n f l u e n c e i s very s m a l l , 

( i ) Next: "Do the curves i n d i c a t e that the spent 

a c i d obtained a f t e r a 16 hour n i t r a t i o n i s a f i n a l a c i d 

whose a b i l i t y to n i t r a t e has been exhausted?". A f t e r a 
of 

period/from E to 8 hours the v e l o c i t y curves become almost 

s t r a i g h t l i n e s , almost p a r a l l e l to the time a x i s . I t i s 

evident, t h e r e f o r e , from the shape of the curves and the 

rapid slowing down of v e l o c i t y with d i l u t i o n t h a t for a l l 

p r a c t i c a l purposes the n i t r a t i o n i s complete a f t e r s i x t e e n 

hours. Thus the d i f f e r e n c e i n composition between our 

s i x t e e n hour waste a c i d s and t r u l y exhausted a c i d s i s a t 

the most a very small one and i t i s very probable that the 



l i m i t i n g curve of d i n i t r a t i o n c o n s t r u c t e d from t h e p r e s e n t 

jork i s f a i r l y a c c u r a t e l y p l a c e d . 

(j) I t i s noteworthy t h a t the v e l o c i t y of r e a o t i o n 

i n c r e a s e s r a p i d l y as we i n c r e a s e the percentage of s u l p h u r i c 

aoid i n the i n i t i a l mixed a o i d so t h a t with a mixed a c i d 

oontaining a£ 60 molecular p e r c e n t of H 2 3 0 4 n i t r a t i o n i s 

completed i n one hour see p o i n t XX. I n con n e c t i o n w i t h 

t h i s e f f e c t o f s u l p h u r i c a c i d , important work has "been done 

by Martinson. M a r t i n s e n followed the n i t r a t i o n of n i t r o ­

benzene t o d i n i t r o b e n z e n e by p i p e t t i n g samples from the 

n i t r a t i o n mixture at d e f i n i t e time i n t e r v a l s and e i t h e r 

e x t r a c t i n g the n i t r o compound^ wi t h e t h e r and determining 

the amount of stannous c h l o r i d e o x i d i s e d by i t or e s t i m a t i n g 

the amount of unconsumed n i t r i c a c i d i n a n i t r o m e t e r . H is 

experiments were c a r r i e d out w i t h o r d i n a r y pure l a b o r a t o r y 

s u l p h u r i c a c i d or s p e c i f i c g r a v i t y 1.839 (gave by t i t r a t i o n 

95*2fo H23O4). Two s o l u t i o n s were employed, a 0.1 normal 

and a 0.05 normal s o l u t i o n of n i t r i c a c i d i n t h i s s o l v e n t . 

The c o n c e n t r a t e d n i t r i c a c i d used had a s p e c i f i c g r a v i t y 

L.400 a t 15°C. = 65.3$ HNO3. 1 0 0 . of pure ni t r o b e n z e n e 

•as added t o 200 0 0 3 . o f M/A and the mixture ( e i t h e r at 

B5°C or 0°C) shaken to ensure mixing. At the 25°C temperature 

the e x t r a c t i o n method was employed and samples of 10 or 20 c c s . 

(ac c o r d i n g to the s t r e n g t h ) t e s t e d by reducing w i t h a known 

excess of SnClg and e s t i m a t i n g the e x c e s s before and a f t e r 

r e d u c t i o n w i t h standard 0.05N. i o d i n e s o l u t i o n . 

The v e l o c i t y c o n s t a n t s were obtained by e x p r e s s i n g 
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MV«B» used as (a-x) cos. iod i n e s o l u t i o n and M.IT.B. present 
a t the s t a r t as a cos. of the same iodine s o l u t i o n , then 

x 
&2 2 "fc(a-xJa ' t being expressed i n minutes. 
He found:-

Mean constant f o r a = 0.1 normal - 1.51 
* " n a = 0.05 w * 1.49 

The h a l f - l i f e p e r iod was found t o be p r o p o r t i o n a l t o 
conc e n t r a t i o n . 

f o r a - 0,1 normal t i s 7.6 minutes 
" a = 0.05 n tx s 14.4 minutes 

t h e r e f o r e the r e a c t i o n i s bfcnolecular. 
Experiments were also c a r r i e d out at 0° 0 w i t h 0.1IT 
and 0.05U s o l u t i o n s of n i t r i c a cid and again bimolecular 
constants were given but the r e a c t i o n v e l o c i t y was found 
t o f a l l away w i t h the period and t h i s i s probably because 
p a r t of t h e nitrobenzene undergoes sulphonation w i t h t h e 
longer time r e q u i r e d at 0°. By measuring v e l o c i t y constants 
o f d i l u t e s o l u t i o n s i n aulphuric a c i d of d i f f e r e n t strengths 
he was able t o construct a curve showing the r e l a t i o n between 
r e a c t i o n v e l o c i t y and s t r e n g t h of sul p h u r i c a c i d , a reproduct­
i o n of which i s given i n Fig.mpage . 
(k) I n comparing Martinsen's r e s u l t s w i t h the present 
work i t i s necessary to consider the d i f f e r e n c e i n c o n d i t i o n s . 
I n h i s experiments the concentration of su l p h u r i c a c i d 
solvent v a r i e s over a very small range and n i t r a t i o n i s 
always homogeneous because very l i t t l e n i t r i c a c i d i s 
present and the presence of very l i t t l e nitrobenzene ensures 
the c o n d i t i o n of homogeneity throughout. Thus h i s r e a c t i o n 
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v e l o c i t i e s represent small distances along curves such 
as are expressed on our diagram of n i t r a t i o n v e l o c i t y curves, 
the distances "being so small t h a t the curve may on our 
scale, he considered as a s t r a i g h t l i n e . Also h i s acids 
when considered as mixed acids i n the t r i a n g u l a r diagram 
do not overlap w i t h the present mixed acids hut are merely 
a c o n t i n u a t i o n of them t o cover the waste acid r e g i o n 
l y i n g between HgSO^.HgO and H2SO4. Thus h i s mixed acids 
are capable of very l i t t l e n i t r a t i o n since the n i t r i c a c i d 
content i s so small, whereas i n the present work the mixed 
acids d e a l t w i t h are able t o n i t r a t e l a r g e q u a n t i t i e s o f 
nitrobenzene. 

The formation of corresponding amounts of water 
c o n t i n u a l l y d i l u t e s the solvent and slows down the r e a c t i o n 
v e l o c i t y . 
f l ) From the curve expressing Martinson's r e s u l t s 
we f i n d an optimum concentration of su l p h u r i c a c i d where 
the r e a c t i o n v e l o c i t y shows a very pronounced maximum. 
This occurs a t the p o i n t where the solvent consists of 
H2SO4, 1 Mol. t o E20, 0.7 tool. From t h i s p o i n t the curve 
slopes r a p i d l y down on both sides towards H2SO4, HgO and 
a l s o l u t e Hg50 4. I n order t o e x p l a i n t h i s maximum he 
supposes the existence of several m o d i f i c a t i o n s o f the n i t r i c 
a c i d molecule, only one of which i s a c t i v e i n n i t r a t i o n . 
As we vary the composition o f the t e r n a r y mixture he supposes 
the e q u i l i b r i u m between these m o d i f i c a t i o n s t o go through a 
ser i e s o f changes u n t i l a t the optimum composition, a 
maximum amount of the a c t i v e molecules are present. 
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(m) I t i s i n t e r e s t i n g to n o t i c e that Martinsen's 

f i g u r e s agree with the present l i m i t i n g curve of d i n i t r a t i o n 

i n that i t passes through the point at which sulphuric a c i d 

monohydrate represents the spent a c i d composition. I n 

experiment 2 where h i s solvent i s 1 molecule HgSO^ per 

1,03 moleoules water he giv e s the following compositions 
n 100coms.nitration s o l u t i o n , containing 20 ccms. H2O and 

1 com. M.N.B.; sulphuric a c i d of s p e c i f i c g r a v i t y 1.839. 

The s p e c i f i c g r a v i t y of d i l u t e d a c i d i s 1.782, 

H2SO4 = 15.16 normal 

H2O - 15.64 normal 

and 1 l l o l . H2SO4 i s present to every 1.03 mols. Ĥ O 

s u f f i c i e n t n i t r i c a c i d i s present to n i t r a t e a l l 

the M.H.B.". 
From these f i g u r e s we can c a l c u l a t e h i s mixed a c i d i n 

molecular percentages 

EUOg present = 1,209 grams M.N.B. = ,62 grams HNO3 

- ,00984 grams' moleoules of HIIO3. 

t h e r e f o r e out of 1 gram molecule of mixed a c i d we have:-

.00984 gram moleoules HN03 

,99016 " " H2S04-+-H20. 

and H2SO4/H2O = 100/103, there f o r e the mixed a c i d c o n s i s t s of 

48.78$ HgSoJ 
0.98$ HNO3 \ By Molecule. 

50.24$ H 20 J 
At 25°o, ,62 grams of MOg i s present i n i t i a l l y . A f t e r 

370 minutes n i t r a t i o n s u f f i c i e n t n i t r i c a c i d remains to 
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form 17.2 c o s . of NO i n the nitrometer and Kg the v e l o o i t y 
constant i s decreasing i n v a l u e as the period i s i n c r e a s e d . 
The v e l o o i t y of n i t r a t i o n i s t h e r e f o r e v e r y slow i n d i c a t i n g 
t h a t t h i s mixed a c i d l i e s v ery near to the l i m i t i n g curve 
of d i n i t r a t i o n , which agrees with the p o s i t i o n of the curve 
drawn from the r e s u l t s of the present i n v e s t i g a t i o n , 
(n) I t i s a l s o noteworthy from Martinson's r e s u l t s 

t h a t the temperature c o e f f i c i e n t of the r e a o t i o n v e l o o i t y 

i s of very h i g h value; Kg the v e l o c i t y constant being more 

than t r e b l e d f or a r i s e of 10°o. The f a l l of r e a c t i o n 

v e l o c i t y when we approach the region near absolute s u l p h u r i c 

a c i d i s quite a general phenomena i n n i t r a t i o n . P a t a r t 

n o t i o e s i t i n connection with naphthalene and f i n d s t h a t no 

n i t r a t i o n t a k e s p l a c e i n t h i s region. Saposchnikoff whose 

work dn n i t r o c e l l u l o s e has a l r e a d y been d i s c u s s e d f i n d s 

the same true, and accounts f or the absence of n i t r o products 

i n the re g i o n by h y d r o l y s i s of the n i t r o e s t e r s and consequent 

sulphonation. I n the case of nitrobenzene, n i t r a t i o n does 

take place with a c i d s c o n t a i n i n g even f r e e 3O3 but the 

r e a c t i o n i s very slow. 



(e**n J0/ § ET. DISTPJ3UTI0IT OF C0LIP0NSITT3 
BETWEBK THE TT7Q LAYERS PRODUOSD DURIIIO IJITRAT ICiT« 

(a) Two types of n i t r a t i o n have already been 
mentioned namely, homogeneous and heterogeneous and 
these are only p a r t i c u l a r types dependent on the 
s o l u b i l i t y tendencies i n the system - Ternary Mixed Acia 
mono.and d i - nitrobenzene. I n order to investigate 
the system f u l l y a considerable amount of experimental 
data would be necessary but J f o r the present purpose, 
data covering a l l points i n the t r i a n g u l a r diagram 
would be superfluous as we are only d i r e c t l y concerned 
with the causes at work i n arresting the process of 
n i t r a t i o n ; and therefore that p a r t i c u l a r part of the 
t r i a n g l e i n which our experiments must be directed 

is the narrow region l y i n g next to the l i m i t i n g curve 
of d i n i t r a t i o n . 
(b) I t was noticed quite early that during a 
heterogeneous n i t r a t i o n , n i t r i c acid i s dissolved by 
the organic layer i n s u r p r i s i n g l y large quantities, to 
such an extent, i n f a c t , that the results of many 
preliminary n i t r a t i o n s were rendered valueless through 
inadequate washing and extraction of dissolved waste 
acid from the organic layer. A set of d i s t r i b u t i o n 
determinations was therefore carried out, p a r t l y to 
see i f any appreciable loss of accuracy i s entailed 
by d i l u t i n g with water at the end of a n i t r a t i o n , instead 
of separating the two layers, then washing the organic 
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layer and correcting for i t s a c i d i t y . The advantage 
of d5rect d i l u t i o n i s that a clean separation results 
and only one analysis i s necessary. D i l u t i o n not 
only extracts acid from the n i t r o layer but also throws 
down any n i t r o body dissolved by the acid. A second 
set of experiments was attempted on d i f f e r e n t l i n e s to 
show how d i s t r i b u t i o n of components changes along the 
l i m i t i n g l i n e of d i n i t r a t i o n . I t w i l l be understood 
that a heterogeneous system of four (or f i v e ) components 
is extremely complex; to define the concentration - l i m i t s 
f u l l y , even were chemical actions absent, would require 
an extensive research along phase-rule l i n e s , ^hat has 
here been done has therefore been to study the physical 
e q u i l i b r i a w i t h i n i n t e n t i o n a l l y r e s t r i c t e d ranges. 

f l ) F i r s t Set of D i s t r i b u t i o n Experiments. 

(a) A general stock mix*d acid of composition 

was made up. This represents the composition of a 
cer t a i n waste acid at the end of two hours 1 n i t r a t i o n , 
and therefore can be expressed on the t r i a n g l e as a point 

derived from t h i s stock mixed acid by one of two processes; 
ei t h e r by d i l u t i n g i t with water or by mixing i t with 
aqueous 68.4$ H2SO4 by weight, i . e . ZQ.Zfo H2SO4 "by mol. 
(which brings the composition along the th e o r e t i c a l 

36 .4% HITO 13.2$ HcO; (j£by weight) 50.4% HoSO 
(CJO by molecules) 31.75 n rt 40.1 28.2% 7° 

l y i n g just inside the boundary of d i n i t r a t i o n . A l l the 
s t a r t i n g acids i n experiments 1 to 8 (Table^SE) are 
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l i n e of change during a n i t r a t i o n ) . Experiments 9 and 10 
show the d i s t r i b i t i o n s i n binary HT03 - HgO acids. 
P r a c t i c a l Details:-

(b) I n experiments 1 - 8 acid and organic material 
were shaken together at the given temperature i n a 
separating funnel for some time. "Then tv^o layers had 
se t t l e d out the bottom acid layer was run o f f , weighed 
and analysed, the top layer being washed well with 
irater and the washings analysed for n i t r i c acid and 
sulphuric acid i n the usual way. Any n i t r o compound 
dissolved i n the waste acid layer was thrown down with 
water, taken up i n ether, the ether washed, dried and 
evaporated and the y i e l d of n i t r o compound weighed. 
Experiments 9 and 10, with n i t r i c acid alonf, were 
performed by dissolving 100 grams of nitrobenzene i n 
100 grams of 95/. HITO , then adding water u n t i l two 

3 

layers of suitable size were formed. ( I t was noticed 
that a f t e r dissolving 100 grams of n i t r i c acid (95.13$) 
i n 100 grams M.IT.B. i t i s necessary to add 31.3 ccs. of 
water, at 20°, t o produce t u r b i d i t y , i . e . , 131.3 grams 
of n i t r i c acid (72.44$) by weight) w i l l dissolve 
100 grams of M.N.B.) 
(2) Discussion of Results. 
(a) The results of t h i s f i r s t series of exper­
iments are set out i n tables^ZHL^ DTpages ̂ bn-Tz. 
The f i r s t t able^M shows the p r i n c i p a l experimental 
observations and compositions of i n i t i a l mixed acid, 
acid contained i n waste acid layer and acid dissolved 
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by the organic layer. The figures for HNOg a n d H 2 S 0 4 
are obtained a f t e r correcting for the quantity of water 
used f o r v/ashing and d i l u t i o n a f t e r the layers have 
been separated. The water content of the layer was 
obtained i n d i r e c t l y by difference from IOO70. The second 
table shows the weights of constituents present i n 
each layer before and a f t e r n i t r a t i o n and f i n a l l y gives 
the p a r t i t i o n c o e f f i c i e n t for n i t r i c acid i n each case, 
which i s the r a t i o of weight-concentrat ion of n i t r i c 
acid i n organic layer to that i n the acid layer, 
fb) A comparison of an a l y t i c a l figures brings 
out the wide difference i n compositions of the two acids 
obtained from the parent by d i s t r i b u t i o n . I n a l l 
cases the lower acid layer contains most of the sulphuric 
acid present whilst the n i t r o layer takes up chiefly-
n i t r i c acid, accompanied by small amounts of sulphuric 
acid and water. I t i s i n t e r e s t i n g to consider experiments 
3 and 6 which were carried out with the same acid and 
under the same conditions except that i n 6, three ti.nej 
the ordinary quantity of nitrobenzene was used. The 
weight of acid taken up by the n i t r o layer was consequently 
greater (approximately twice the amount) but curiously 
showed a much higher percentage of both Hg3<>4 and EgO 
r e l a t i v e l y to HKO3. Thus i n experiment 6 where the 
weight-ratio M/4/0BG.COIffiD• s 1 / 3 , the acid taken up 
by the n i t r o layer contains only 68.4$ HNOg whereas normally 
we have acids ranging around 90$ H1J03. This i s the only 
example we have of the e f f e c t of r e l a t i v e weights on the 



d i s t r i b u t i on but i t w i l l be remembered that "the question 
of r e l a t i v e weights had an important effec t upon the 
v e l o c i t y of n i t r a t i o n . 
(c) I t seems to he quite general to f i n d most 
of the n i t r i o aoid present i n the organic layer at end 
points of n i t r a t i o n and the effect of d i l u t i o n i s rapidly 
to reduce the s o l u b i l i t y u n t i l at water concentration 
of 60 to 70$,^considerably leas than 1$ of acid i s 
retained by the nitrobenzene. I n t*his respect a comparison 
of the d i s t r i b u t i o n - c o e f f i c i e n t s of n i t r i c acid (£„ No 3), 
f o r d i f f e r e n t acids i s useful thus the concentration of 
n i t r i c acid i n the organic layer (expressed as grams per 
100 grams of the layer) with M/AI ( l y i n g near the l i m i t i n g 
l i n e of d i n i t r a t i o n ) i s 2.1 times as great as i t s concen­
t r a t i o n i n the acid layer, whilst by direct d i l u t i o n of 
t h i s same acid to 50$ HgO the p a r t i t i o n c o e f f i c i e n t of 
n i t r i c acid i s reduced to 0,18 and at d i l u t i o n s of about 
64$ HgO the r e l a t i v e concentrations are 0.04, I t is 
therefore possible by di r e c t d i l u t i o n a f t e r n i t r a t i o n to 
do away with the washing process which is often made 
d i f f i c u l t by emulsification. 

(3) Second Set of D i s t r i b u t i o n Experiments. 

( a) i n order to enlarge upon these facts another 
series of experiments was devised so as t o ascertain the 
d i s t r i b u t i o n of components over the whole range of acids 
l y i n g near the l i m i t i n g curve of d i n i t r a t i o n . Mixed aoids 
capable of n i t r a t i o n were allowed to react at 35° with 



nitrobenzene f o r two hours, the composition of both 
the n i t r o and acid layer being then determined. The 
period of two hours i s , as was shown i n the v e l o c i t y 
experiments, enough to bring reaction nearly to a f i n i s h . 
I t would have been better to allow a longer time such as 
twelve hours, but t h i s would have i n t e r f e r e d with other 
parts of the work. 
P r a c t i c a l D e t a i l s . 
Jhe improved technique described i n U" , (w**), was used. 
fb) I n experiments , t ̂  9 S 9 a time of 
two hours was allowed for n i t r a t i o n , the temperature 
being constant at 35°. I n experiment A nearly a l l the 
n i t r i c acid was used up and i n t h i s case excess of M.K.B. 
was introduced i n order t o f a c i l i t a t e separat&on without 
r a i s i n g the temperature above 35°» 
Experiments £ and were carried out with an acid 
consisted of sulphuric acid and water alone, i n the r a t i o 
HgSO^HgO so that a c t u a l l y no n i t r a t i o n takes place. 
There is d e f i n i t e i n d i c a t i o n that the l i m i t i n g curve of 
d i n i t r a t i o n passes through t h i s monohydrate point so that 
conditions of d i s t r i b u t i o n at t h i s point are d i r e c t l y 
related to the series of spent acids investigated. 
fc) Discussion of Results.(for second set) 

The results of the present set of experiments 
are f u l l y l a i d out i n tables 2 j " X D I pages^S-loi # TableXL 
gives a complete record of the qu a n t i t i e s , measured i n 
grams, before and a f t e r n i t r a t i o n ; table ST ̂shows the 
same data presented as compositions i n molecular percentages. 



By p l o t t i n g these compositions as points on a t r i a n g l e 
showing molecular compositions, the organic layer acid, 
the lower layer waste acid and the aggregate waste acid 
belonging to a given experiment l i e i n one straight l i n e ; 
whilst by Joining i n i t i a l acid and aggregate waste acid, 
we should obtain a " l i n e of change", p a r a l l e l to the side 
Joining HITO3 to HgO, as explained i n a previous section 
on the properties of the t r i a n g u l a r diagram. I n most 
cases the figures for sulphuric aoid molecular content 
show less than ljS v a r i a t i o n v.hich is quite i n l i n e with 
the expected order of accuracy. 
Standardising Conditions 
(d) The question of r e l a t i v e amounts again arises. 
The standard conditions chosen for the experiments are 
equlmolecular conditions, i . e . , the amount of M.1I.B* used 
i n a n i t r a t i o n i s the molecular equivalent of the n i t r i c 
acid present i n the i n i t i a l mixed ac i d . Thus i n a l l cases 
we end wi t h a spent acid, dinitrobenzene, and some unused 
mononitro benzene the l a t t e r being equivalent to the 
unused n i t r i c acid. T7ith so complex a system, embodying 
four or f i v e components, i t i s d i f f i c u l t to define the 
ef f e c t of these more or less arbitrajry excesses upon 
d i s t r i b u t i o n , and therefore one must beware of re l y i n g 
too f a r upon the conclusions drawn from d i s t r i b u t i o n 
experiments which are standardised i n one respect only. 
(4) DISCUSSION. 
( a ) By p l o t t i n g the molecular percentage compositions 
of the acids on a t r i a n g u l a r diagram one can j o i n correspond­
ing points by three d i s t i n c t curves (see Fig.IE. page ) . 



The red l i n e shows compositions of acids contained i n 
the organic layer a f t e r two hours n i t r a t i o n , s i m i l a r l y 
the green l i n e gives the lower layer acid compositions 
wh i l s t the intermediate black l i n e represents compositions 
of aggregate waste acids and i s therefore a boundary curve 
terminating the two hour d i n i t r a t i n g zone. The d i r e c t i o n 
of the t i e - l i n e s j o i n i n g corresponding acid3 i s indicated 
by drawing l i n e s through the three points ^ , the three 
points ft etc. Considering, for the moment, the black 
l i n e f o r aggregate acids we can trace an increasing solub­
i l i t y of acid i n organic layer on passing through A f /3 %c< 

V , ^ t o 5 . The following considerations make 
thi s quite clear :-
(b) An aggregate spent acid, l y i n g on the black 
l i n e i 3 made up by adding together the corresponding red 

pro 
l i n e and green l i n e acids i n definite/port ions. These 
proportions are represented graphically, by the respective 
distances of the red l i n e and green l i n e from the black 
l i n e , these distances being measured along the given t i e - l i n e . 
(The proportions referred to are represented on the diagram 
i n molecular amounts and not i n amounts by weight). I n t h i s 
way, a comparison of the distances intercepted on the tie-iines 
by the aggregate acid composition l i n e (shown i n black), 
gives a measure of the amounts ( i n molecular q u a n t i t i e s ) , 
of acid i n each layer at the end of two hours n i t r a t i o n , 
(o) At a point just above 6 (black), two layers 
are no longer formed during n i t r a t i o n ; and since the black 
l i n e approaches the red l i n e , these two must meet at a point 



j u s t above £(black) when the a c i d d i s s o l v e d by the 

organic l a y e r becomes c o i n c i d e n t with the t o t a l aggregate 

spent a c i d . I t i s a matter for conjecture what happens 

to the green l i n e beyond and S , but probably i t swerves 

s t e e p l y to jo i n the other two at the same point of c o i n c i d e * 0 6 

(d) Experiments ^ and ̂ 'were ( t a r r i e d out with 

p r a c t i c a l l y the same mixed a c i d but with very d i f f e r e n t 

r e l a t i v e q u a n t i t i e s ; t h i s mixed a c i d contained no n i t r i c 

a c i d a t a l l and was made up to have the composition RgSO^BgO* 

The r e s u l t s i n d i c a t e t h a t a s m a l l amount of anhydrous, or 

n e a r l y anhydruus, sujphurio a c i d i s i n t h i s case retained 

by the organic l a y e r , l e a v i n g the a c i d l a y e r s l i g h t l y 

d i l u t e d . I n experiment 6 equimolecular q u a n t i t i e s of 

HgSO^ oontent and M.II.B. were used, and i n e' the r a t i o 

M.N.B./EgSO^ i s about £0; i n each case anhydrous s u l p h u r i c 

a c i d only was d i s s o l v e d by the organic l a y e r so t h a t waste 

a c i d l a y e r £ contains 47.95JS HgS0 4 (by mol.) w h i l s t waste 

a c i d l a y e r ^ ' ( w i t h the g r e a t e r excess of organic m a t e r i a l ) 

has been f u r t h e r reduced to 44j£ E^SO^. This r e s u l t , about 

which there i s no doubt experimentally, i s not what might 

have been expected; and i t suggests, i n c i d e n t a l l y , that 

the simple system EgSO^ - nitrobenzene may d i s p l a y the 

formation of a molecular compound. 

(e) A d i s t i n c t bump i n the red curve, appears near 

the point i< ; and here, the n i t r i c a c i d contained i n the 

organic l a y e r has a maximum v a l u e . T h i s might, of course, 

be only a c h a r a c t e r i s t i c of the equimolecular c o n d i t i o n s 

chosen; but i t may very w e l l be the reason for t h e curious 



d i r e c t i o n change i n the black l i n e between the points 
5,where an increased n i t r a t i n g v e l o c i t y i s found. 

This of course i s only a suggestion which cannot be supported 
by the present range of experimental data. 

Nothing much can be gathered from the organic 
nitro-body dissolved by the acid layer. I t is c e r t a i n l y 
noticeable that more nitrobenzene i s contained i n waste 
acids near the HgSO^HgO side of the t r i a n g l e but these acid,-; 
are of greater bulk since they are dissolved to a much 
less extent by the organic layer. There i s a tendency however, 
to extract dinitrobenzene rather than raononitrobenzene on 

account of the r e l a t i v e s o l u b i l i t i e s of these two n i t r o 
compounds i n sulphuric acid. 



tft)§"ST SEAT OP TITRATION I I ! A HBrBRO&EHEOUS fllTRAITIOfl* 

We have seen i n the previous account of 
d i s t r i b u t i o n i n two phase n i t r a t i o n s how the acid 
s p l i t s up i n t o two f r a c t i o n s : a f r a c t i o n r i c h i n 
n i t r i c acid, dissolved by the organic layer, and a second 
f r a c t i o n containing nearly a l l the sulphuric acid and 
water, together w i t h remaining n i t r i c acid. In the 
majority of cases separation into two layers occurs 
while the n i t r a t i o n i s s t i l l going on; thus one or 
perhaps both of these acid fractions must be capable 
of performing n i t r a t i o n . I t was i n order to f i n d out 
i n which layer the subsequent n i t r a t i o n takes place 
that the following experiments were devised. 
(1) P r a c t i c a l Details. 
(a) An average mixed acid containing by weight 
55.85$ E£S04, 39.41$ HHO3 and 4.74$ HgO was employed 
i n only p a r t i a l n i t r a t i o n u n t i l two layers formed; then 
the reaction was deliberately interrupted, before n i t r a t i o n 
had gone to i t s l i m i t , by separating these two layers j 
248.29 grams of acid (which contained the molecular equiv­
alent of 191.1 grams K.H.BJ required 45 ccs. of M.tt.B. 
to f i r s t produce two layers, n i t r a t i o n being f a i r l y rapid 
and addition taking 40 minutes. A furth e r 10 ccs. of 
M.N.B. was added and allowed to react. The mixture was 
next poSed i n t o a separating funnel and separated at the 
given temperature (35°e). A f a i r l y sharp separation was 
obtained, but both fractions on cooling became milky 
through decreased s o l u b i l i t i e s . The layers were weighed 



and samples taken for analysis, acid being extracted by 
d i l u t i n g with water and analysis i n the usual way wh i l s t 
the dinitrobenzene content was obtained by i s o l a t i n g and 
weighing i t . 
(b) The remainder of the organic layer (of known 
composition) was then treated with a further quantity of 
mononitrobenzene two layers being produced. A very small 
r i s e of temperature (only 5°c) suggesting that very 
l i t t l e , i f any, fur t h e r n i t r a t i o n was taking place; f u r t h e r 
K.H.B. was added,however, and the mixture shaken at 35° for 
an hour and a h a l f . The two layers were then separated i n 
the usual way. On washing the organic layer, a p a r t i c u l a r l y 
stable emulsion formed, the consequent error i n separation 
gr e a t l y reducing the accuracy of a n a l y t i c a l figures f o r 
composition, 
CO The remainder of the acid layer from the 
i n i t i a l stoppage was then treated with nitrobenzene, 
additions of 5 ccs. at a time. Two phases were always 
present and a considerable amount of n i t r a t i o n took place. 
Af t e r 40 cos. of M.1;.B. had been added s o l i d D.H.B# was 
deposited and the whole mixture became very buttery and 
d i f f i c u l t to shake. Ilore Ivl.N.B. was added and shaking 

continued 
at 35° m t t t o r i t f o r a further hour. The contents of the 
f l a s k were then cooled, poured i n t o a separating funnel 
and allowed to stand f o r three days, the two layers 
separated and analysed i n the usual way; again trouble 
was experienced through emulsions forming on washing 
the organic phase. 
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I t is quite evident from the results that 
the a b i l i t y t o n i t r a t e l i e s i n the acid layer, a f t e r the 
s o l u b i l i t y l i m i t has been reached. The f r a c t i o n of acid 
dissolved by the organic phase, although i t contains 
much n i t r i c acid, i s perhaps too weak i n sulphuric, for 
n i t r a t i o n to be performed. The ovufie of the experiments 
i s best represented i n a triang u l a r diagram of molecular 
percentages (see Fig. X page ) . The i n i t i a l mixed 
acid, A, i s allowed to perform a c e r t a i n amount of n i t r a t i o n 
u n t i l i t s composition has reached the point wa". At "a" 
two layers are present and the acid i n the organic layer 
has the molecular composition represented by a' 1 w h i l s t 
the acid layer consists of a'. The acid layer i s much 
heavier than the n i t r o layer and consists of 199.75 grams 
of acid a* together with 41.2 grams of dissolved d i n i t r o ­
benzene whilst the organic layer has a t o t a l weight of 
65.8 grams, consisting of £7.4 grams of acid and 38.4 grams 
of B.irjf# The acid a", i n the organic layer, when 
separated o f f and treated with more mononitrobenzene i s 
unable to perform further n i t r a t i o n . This i s now seen 
to be what might be expected, since a 1 1 does not l i e 
w i t h i n the d i n i t r a t i n g zone, whereas the acid a' i s w e l l 
w i t h i n the boundary and can accordingly n i t r a t e more 
nitrobenzene, which i t does u n t i l i t reaches the point b, 
when the n i t r a t i o n process oeases. At b, two layers are 
again present, the larger acid layer being represented by 
V while the acid dissolved i n the n i t r o layer i s b , f . 
The composition of the acid b " i s not very d e f i n i t e since 



the a n a l y s i s was made very i n a c c u r a t e "by formation of a 

s t a b l e emulsion. I t i s noteworthy thatVthe j r i e - l i n e s 

(marked i n dotted l i n e ) change d i r e c t i o n r a p i d l y as 

n i t r a t i o n proceeds. Thus at f i r s t , when two l a y e r s form 

and about h a l f the n i t r a t i o n has taken p l a c e , the a c i d 

l a y e r l i e s i n s i d e the d i n i t r a t i n g zone and contains a 

good deal of d i s s o l v e d n i t r o compound. The a c i d f r a c t i o n 

contained i n the organic l a y e r contains most of the 

n i t r i c a c i d but e v i d e n t l y takes no immediate p a r t i n the 

prooess. As n i t r a t i o n proceeds, a gradual change t a k e s plaoe 

i n these f r a c t i o n s and at the end, the c o n d i t i o n s are 

reversed so t h a t the a c i d i n the organic l a y e r i s represented 

by b 1 1 , w e l l w i t h i n the n i t r a t i o n zone w h i l s t the a c i d 

l a y e r a n a l y s i s shows 4& b 1 to now l i e outside the zone. 

I t wa3 shown i n the previous s e t of d i s t r i b u t i o n determin­

a t i o n s that t h i s end c o n d i t i o n (with organic l a y e r a c i d 

w e l l w i t h i n the d i n i t r a t i o n zone), i s quite general f o r 

a c i d s l y i n g near the l i m i t i n g curve of d i n i t r a t i o n ; and the 

t i e - l i n e s obtained "by the previous second s e t of d i s t r i ­

b ution experiments l i e i n the same general d i r e c t i o n as 

the t i e - l i n e Vbb'•. 
s 

3ince the a c i d f r a c t i o n ^ d i s s o l v e d by the 

organic l a y e r when n i t r a t i o n c e a s e s , lie j j j w e l l w i t h i n 

the d i n i t r a t i o n a r e a we would expect then t o continue 

n i t r a t i n g . I t i s easy enough to understand the i n a b i l i t y 

of the o r g a n i c - l a y e r - a c i d a 1 1 to perform n i t r a t i o n but 

TOY SHOULD AN ACID FR ACT I ON, TOO 3 E COMPOSITION 13 SIMILAR 

TO THAT OF All INITIAL MIXED ACID HAYE LOST THIS "BOWER ? 

4 

OS 
• <\ N 
V W 



Evidently there must he some essential 
difference between an organic layer acid f r a c t i o n i n 
"equilibrium" (from the point of view of d i s t r i b u t i o n ) 
w i th an acid layer acid, and an acid of similar composition 
which is not i n "equilibrium" with a second layer. I t may 
be, that i n the organic layer acid f r a c t i o n s , the HgSCU 
has been s a t i s f i e d with M«K»B. instead of water. 

I f we denote M.IT.B. by the symbol B, then 
i n view of data for extraction of anhydrous sulphuric 
acid by B from sulphuric acid monohydrate, one might 
conceive reaction-equilibrium :-

HgSC4.H20 + B v=*H 2S0 4.B +- H g0. 
In "acid layer" t h i s n a t u r a l l y mostly goes to the l e f t 
hand side. But i n the "organic layer" i t would be pushed 
towards the r i g h t hand side, much more. Also, i f there 
is any additional H2SO4 over and above the quantity 
equivalent to t o t a l HgO, that additional HgSO^ w i l l not 
be "anhydrous" but w i l l form more EgSO •B. Thus i n the 
organic layer the HgSO^ would, e»£^ to i t s being a good 
deal used up t o form HgSO^.B, not be available as a 
dehydrator; and the water present i n the organic layer 
would be "free", or at least would be free t o hydrate 
HITO3 or whatever i t does. This can account for d i s t r i b u t i o n 
Experiment 6, where a large excess of M.N.B. lowered the 
EI!0g/H£304 r a t i o i n the organic layer• I t probably did so 
by s e t t i n g free water that had been hyd r a t i n g HgSO^, 
(o #f t and leaving i t free t o hydrate HIiOg, and 
hydrated HUO3 would n a t u r a l l y be less soluble i n the organic 
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layer than anhydrous HNO„ would. Also i n the n i t r a t i o n s , 
o 

the "red l i n e " aoid very l i k e l y has i t s water at least 
as l i t t l i united with H 2S0 4 molecules as i n the "black-line" 
acids, i f the Ĥ SÔ . i s being more or less occupied i n 
forming HgSO^.B. 

These considerations are reasonably suggested 
by the experimental f a c t s . To prove them w i l l require 
a separate and detailed study of the system :-

HE S 04 " E2° " I v I^»B. 
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% ITITRA.TTCIT OF MOITOIIT?RCTOIU^ITE. 

Using the method of n i t r a t i o n and analys i s 

described i n the work on nitrobenzene a few test n i t r a t i o n s 

were carr ied out using 0 - mononitrotoluene instead of 

mononitrobenzene. The duration of each n i t r a t i o n was 

two hours. 

The ve loci ty of n i t ra t ion of C - nitrotoluene 

to 2 : 4 dinitrotoluene i s greater than the corresponding 

change, L I . K . B , — * D . E . B . f so that i n 2 hours the waste 

ac id produced i s s l i g h t l y more di lute than the corresponding 

16 hour waste ac id of the nitrobenzene system. 

The following table shows the compositions of i n i t i a l 

mixed aoids and waste ac ids produced, a f t e r 2 hours :-

( In L'olecular Percentages.) 

Cor-opn of T-ixed Acid Cornpn of 17aste Acid , 

H 2 30 4 HllOg n £ o 
| 
1 H 2 3 0 4 H I 0 3 H 2 0 j 

1 13.96 69,39 16.65 14.18 43.37 42.45 

2 COO 80.91 19.09 
i 

0.00 72.66 27.34 

3 21 .63 59.48 18.89 21.64 33.59 44.77 

4 46.32 31.49 21.69 47.10 0.25 52.65 

The compositions of waste acids 1 , 2 , 3 and 4 have been 

plotted on tr iangular diagram, F i g , S I page ^1, , and 

the two hour l i m i t i n g curve of d i n i t r a t i o n for toluene 

marked, together * i t h the l imi t ing l i n e of d i n i t r a t i o n 

(16 - 24 hours) as determined for benzene. The curves 

marked in red are Saposchnikoff 1 s isobars of ure^sure 



f t 

for the vapour pressure of ternary mixed acids(which 

are referred to in this thesis). 

The general direction of the nitrotoluene 

curve is similar to that for nitrobenzene and there is 

again evidence that the ourve cuts the "base of thetlriangle 

at, or near, the point representing the composition of 

sulphuric acid monohydrate. 

The two curves are shown in the triangular 

diagram Fig .Jf page , and in the same diagram are 

marked A. /fa. Saposchnikoff1s vapour pressure isobars 

for ternary acid mixtures, to which frequent reference 

has been made in the text. 
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OONOLUSIOITS. 

The present work has been designed as an 

introduction into a systematic invest igat ion of the 

process of n i t r a t i o n . 

Much of the ground work has "been cleared up 

and many important l i n e s of invest igat ion have "been 

opened out for future study. 

The ch ie f factors a f f ec t ing the process of 

n i t r a t i o n are :-

fa) Composition of n i t r a t i n g a c i d ; the e f fect of 

sulphuric ac id i n increasing- the a b i l i t y to n i t r a t e 

and the ef fect of water i n decreasing th i s a b i l i t y , also 

the formation of sulphuric acid monohydrate i n the n i t r a t i n g 

a c i d . 

fb) The r e l a t i v e quanti t ies used. This e f fec t i s 

c h i e f l y concerned with heterogeneity and the retarding 

of reaction ve loc i ty due to incomplete mixing. 

(c) D i s tr ibut ion e f f ec t s : - which are occasioned 

by the n i t ra t ing acid dividing into two fract ions when 

two layers are produced during n i t r a t i o n . 

A summary of the present work i s given at 

the beginning of t h i s t h e s i s . 
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DISTRIBUTION £ 

EXPERIMENTAL OBSERVATION3• T f t S ^ G 5 2 l L 

E x p e r i m e n t . 

COLIPN. OP I N I T I A L ACID 
i n W g t a . f 

Grams o f A c i d U3ed. 

Grams o f N i t r o Gompd. 

T e m p e r a t u r e . 

ACID LAYER. 
W g t . o f A c i d L a y e r . 

H2SO4 
HKO3 
H E O 

COKES. OF ACID 
i n V / g t s . % 

HoSO^ 
HKO3 
H£0 

Gms. o f d i s s o l v e d O r g . M a t t e r 

ORGANIC KITHQ LAYER, 
Y/g t . o f O r g . L a y e r . 

7Jgt. o f Washing 7 /a te r . 

Y i e l d o f 7/ashings. 

Y i e l d o f Washed N i t r o Compd. 

A n a l y s i s o f wash ings i n H^SO^. 
w e i g h t s f HNO3 

H 2 0 

tfgt. o f A c i d s + A<i. d i s s o l v e d 
i n O r g a n i c L a y e r . 

COMJEN. OF DISSOLVED ACID 
i n W g t s . Jf 

H^304 
E N O 3 
H E O 

8 1 4 2 

50.67 
35.30 

50.42 
36.40 

50.42 
36.40 

53.92 
28.85 

14 .03 13.28 13.18 17 .23 

100 100 100 100 

1 0 0 100, 1 0 0 , 
( />ll»Ttff?e1 

100 

4 5 ° 2 0 ° 2 0 ° 20° 

71.00 70 .0 70.72 77.98 

68.64 69.10 68.41 67.36 
9.56 9.77 10.26 9.35 

21.80 21 .13 21.33 23.25 

# 5 B . 
- 0 .5 

128 .43130 . 0 129.13121.60 

200 200 200 200 

229.65229.56230.0 222.7 

99.90100.08 98.04 99 .0 

0 .86 0 . 79 0 .83 0 . 61 
11 .44 11 .40 11.70 9.25 
87 .70 87 .81 87.47 90.14 

29.65 29.56 30.0 22.7 

6.66 6 .13 6.36 5.99 
88 .63 90.60 89.70 90.77 

4 .71 3.27 3 .94 4 .34 

63. r . 31 
10. . | 0 . 0 7 
26, • 6 . 6 2 

I t . 1100 j 
3( 

2 0 ° 

28 .45 18 .44 
20 .71 17 .59 
50 .84 64.07 

89 .5 100 

89 .5 , 1 0 V , 

1 6 ° 1 6 ° 

9 10 

0 .0 0 .0 
66.99 57 .65 
33.01 42 .35 

142 165 

100 100 

20° 20° 

8 8 . 3 1 , J » . o 0 

68. f y 1 . 1 1 
1 . : ' f . 00 

29.TCL m 1.89 

86 .15 99.36 

29.50. ia61 
18 .14 16.95 
52.36 64 .44 

107 .23 152 .56 

0 .0 0 
59 .6 54 .05 
4 0 . 4 45 .95 

5 .0 3.0 

310,? 1 M d . j 60 91.97 100.74 134.35 112.00 

200 W O i 100 200 100 

211,16 f L - 103.21 240.57 115.27 

299 .4-. 7 88.76 94.92 96.55 

1.2S 1 . 3u . 0 5 0 . 0 0 .0 
56 3.20 12 .84 10.67 

9 5 . b ' i j * . : 96.75 87.16 89.33 

i u i a I . ±0 3.21 40.57 15 .27 

24.3c 11. 99 1.50 § r 0 .0 0 .0 
68 .4 i ; I . ft 97.55 76 .14 80.20 

7. Z'(. 1, 34 0 .95 23.86 19.80 



DT3T3IBUTTGT; ^YW^TMRWTS. F I R S T 3£T, 

C0MBO3U&0NS OF LA.XER3 BY WEIflET. X 

jBxperiment. e / 

PRI23 1\T AT oIART. 
Gins. K2SO4 50.67 50.42 50.42 

Gms. HKO3 35.30 36.40 36.40 

Grrms. E 2 0 14 .03 13.18 13.18 

Gms. K i t r o Compd. 100 100 100 

T o t a l I n i t i a l ' w e i g h t . 200 200 200 

ACID LAY3R ( a f t e r d i s t r i f c u t i o n ) 
Sms. H 2 304 48 .74 48.38 48.39 

Sms. HNO3 6.79 6.84 7 .25 

Gms. HgO 15.47 14.78 14 .04 

&ms. K i t r o Compd. 0 .8 0 .0 1 .04 

T o t a l weight of A c i d L a y e r . 71 .0 70 70*72 

ORGANIG LAYilR ( a f t e r d i s t r i o u t i o n ) 
Gms. & 2 S O 4 1.98 1.83 l . d 

GrlUS. HKO3 26.28 26.17 26 .91 

Sma. H2O 1.44 1.60 1.18 

Sms. K i t r o Compd. 99.90 I O C . 0 8 98.96 

T o t a l weight o f Organic L a y e r , 128.43 130 129 .13 

PARTITION GQ.3FF: -

• 8 .14 2.06 2 . 0 3 

X i J s~~ 7 

51 5.92 63.31 63.31 28.45 18 .44 0 .0 0 .0 

21 1.85 10.07 10.07 20.71 17.59 95.13 97.35 

l 1 f.23 26.62 26 .62 50.84 64.07 46 .85 67 .65 

1 Boo 100 100 100 100 100 

20< i 400 200 200 200 241.98 265 

2.52 60.97 62 .95 28.40 18.60 0 0 

7.32 1.50 3 .75 17.46 16 .85 63.90 82 .45 

26.41 27 .20 50.81 62.96 33 .33 67.11 

- - - - - 5.0 3 .0 

7 7.98 88.88 93.8 96.67 99.36 107 .23 152.56 

1.36 2 .72 0 .32 • 05 0 0 

20.60 7 .65 5.94 3.20 1.59 30.90 

0.74 0 .81 0 .14 .03 0 8 .53 

93.0 299.46 99.7 100.0 99 .15 94.92 

121,60 310.71 105.8 103.28 100 .74 134.35 

1.81 1.46 1.41 0 .18 0 .04 0.39 

0 

0 .20 
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i&?.-,RIllgK I A 1 RiSSULTS. 

Experiment. 

COMPOSITION OF K / A H^30 4 

I n weights f mOz 

H 2 0 

Weight of M/A u s e d . 

h e i g h t o f M . N . B . used 

S x t r a I . I .N .B . added . 

Aggrega te i n i t i a l w e i g h t . 

I 

V 

/ 3 y € A 

26.22 57.77 14.40 11 .82 84 .05 84. 57 64.40 
68.35 37.15 80.00 82.48 0 .00 0.00 31.32 

5.43 5.08 5. 60 5.70 15 .95 15 .43 4 .28 

110.12 161.90 72.17 131.25 116.00 12 .38 127.64 

146.62 117.30 1 1 2 . 3 0 211.23 130.58 258.72 171.42 

*. (329.31) - - 144.34 

256.74 608.51 184.47 342.48 246.58 271.10 443.40 

A g g r e g a t e w e i g h t a f t e r s e p a r a t i o n , 

l o s s o f w e i g h t . 

217.61 485.30 170.86 328.78 125.56 260.06 342.36 

255.64 G07.50 133.82 342.48 246.58 271.10 443.40 

1.10 1.01 0 .65 0 0 0 

AQU) DILUTlCi: Alp AKALY3I3. 
Weight of D i l u t i n g Wa ter 

AOID C0KSI3T3 0 ? : - . l . N . B . / D . N . B . 
Waste A c i d . 
Water. 

ANAXY3I5 OP ACID H c 3 0 4 

IK WGTS f EHOs 
H 2 0 

HNO2 i Reckoned. /-n /f/YOjf'tir* 

69.25 116.93 
DNB. D.N.B, 

1.46 6 .45 

0 .0 0 .0 340.50 191.92 211.52 
E . N . B . D . N . B . 

0 0 7.59 0.62 5.00 
36.77 115.75 i £ . 9 6 13.70 113.41 10.42 96 .04 
69.25 116.93 0.0* 0 .0 340.50 191.92 211.52 

21.40 38.81 c5 .49 54.37 20.8 3 4.17^ 25.77 
6.34 2.09* B l . 2 6 22.99 0.00 0 . 0 > 0.48^ 

72.26 59.09* £ 3 . 2 5 22.64 79.17 95.82f 73.74? 
0 0 0 .28 

Two Stage Washings. 

ORSAKIO L A Y E R . 
H B 3 1 w'ASnSTS BTG. 

Weight of Wash Water. 
. e i ^ i t of Once ./ashed M t r o Oompd. 
Weight o f bash ings . 
Aggregate 7/eight. 
Los 

v 

I 1 3 1 . 4 6 U 5 1 . 3 0 132.44 218.27, 74 .64 166.11 240.74 
155 ,46:470 .70 1 1 C . 2 0 215.^5 121.99 258.70 334.49 
192 .53:165 .62 1 8 6 . 4 0 325.~&r 77.20 166 .95 247.73 

2.60 540.37 199.19 425 .65 582.22 \ 3^7 99 .' 6 ̂ 6 32 
i n weight on s e p a r a t i o n f o r f i r s t wash. \ 1 * 0 9 / ^ Q * 2 4 

Washings c o n s i s t o f : - A c i d . tidtffa*+*e* 
W a t e r ; 168.36 151,'30 X32.44 212."27 

» , . . .x.U9' U . Z 4 C . 7 0 ^0,60,, 1*03 0.52 0.88 
\ 61.07 14.32 . 3 . 9 6 4110*1? 

A n a l y s i s of Washings i n 
weights Jt 

2.56 0 .84 6.99 
74.64 166.11 240.74 

H 2304 
KH03 

B W 2 1 ff HUff^t* ' 

1*21.43 
\77.00 

1.82* 1 .67 
6.48 24.81 

91.697 7 3.52 
0*13 

2 .23 
29.08 
68.69 

0 .14* 

3.57 
0 .00 

96.43 
0 .0 

1 .12 
0.00 

98.88 
0 .0 

1.375 
1.435 

9^.190 

ORGALIC LAYBR. 
3 ~ C 0 I : J WAOHTIT 3TC. 

Weight ocf Wash Water. 
Weight o f twice washed N i t r o Cpmpd. 
Weight of Washings 
Aggregate weight . 
Loss i n weight on s e p a r t i o n . 
Washings c o n s i s t o f : - A c i d . 

W a t e r . 
A n a l y s i s of Second Wshings 

weights jo 

DKK3ITY OF ittTRO PRODUCTS AT 15^0. 

E 30 
ENO3 
HpO 

\ . ' ~ ' 

! 56.9a.153.07 47.96 
< 155.35;469.51 1 1 4 . 7 4 
! 5 6 . 7 5 1 5 5 . 2 8 10.89 
, 212.10,624.79 l c 3 . 6 3 
s 0.26' - 0 . 0 2 Q.50 

- * ' | L 5 5 . 2 8 

0.078 
0.075 

Rest 

0 .97 
47 .96 

0 .01 
1.14 
R e s t 

1 .264 1.858 1.242 1.2355 1.209 1.258 1.2660 

file:///77.00
http://56.9a.153.07


M T R A J 

. ."uAl.TITIEii I I , 

99 

DIi i ' . i I3UTl0 i ; gggERBg u . 

Exper iment . 

T O T A L ALIO UK To U A L J ) . 
Li/A u s e d . 

M.N.B. used. 

E^SO^ p r e s e n t a t s t a r t , 

H J D 5 

E 2 0 

Aggregate . 

UpPi^R LAYERS. 

iGK£ S E T . TPHSUEiXE 

r 

110.12 161.90 72.17 131.25 116.bi 12.38 127.64 

1 4 6 . 6 2 ^ ^ 9 ; i i | 112. 3(̂  211.23 13^.58 2 5 8 . 7 2 ^ 4 ^ ; ! ^ 

CO p T 

It II 

II It 

28.86 93.53 10.40. 15 .52 

75.27 60 .15 57.74 108.20 o i ) i 

5.99 8.22 4 . 0 3 7.53 18.147 

10.47 82.20 

0.00 39.97 

1.91 5.47 

256.74 608.51 164.47j 342.48 246.58 271.10 443.40 

D j f . B . [07 d e n i s i t y ) 39.76 109.70 18.481 28.06 0< 0 60.30 

M . K . 2 . ( f cyvd i f f erence ) 115.59 361.00 96.26 189.59 121, 198.40 

E 2 S 0 4 p r e s e n t . 
g&o* n 

E £ 0 p r e s e n t ("by d i f L ) 

3 .92 
53.46 

3.69 

3 .15 
10.87 

0 .82 

3 .12 
46.98 

5 . I E 

7.86 
94.05 

9.22 

2 / 
0, 
0 

'93 
0 

1.863 
0 .0 
0 .0 

T o t a l A c i d s + Aqua 61.07 14.84 55.22 111.13 2, 79 1.86 

M . K . B . + D . N . B . 155.35 470.70 114.74 217.65 121, 92 258.70 

Aggregate . 216.42 485.54 169.96 328.78 124 |78 260.56 

LOWER IAYSR. 
D . K . B . p r e s e n t . 1.46 6 .45 0 0 

MN.B. 
7159 0 .62 

E 2 3 0 4 p r e s e n t 22.69 90.31 7.19 7 .45 94, ,57 8 .45 

H I 0 3 6.72 4.87 2.76 3 .15 l 0 . 0 0 

H 2 0 " ("by d i f f ) 7.36 20.57 3.01 3.10 18 |84 1.97 

Aoids Aq,. 36.77 115.75 12.96 13.70 11S 41 1 .42 

3.36 
3.51 
0.77 

7.87 

5.00 

1.49 

Aggregate . 

P a r t i t i o n 
C o e f f . r, 

38 .23 12^.20 12.961 13.70 121.1 

[HHP,] 

TOTAL -iiyqREGrATE AT BED. 

10S:> OF tfEI&HI OH EXP^RIMHNI. 

11 .04 101.04 

1.21 1.405 1.701 1.298 1.244 T,o E i t r i o 

i p r e s e n t 

254.74 607.74 182.92 342.48 £4o..?8 271.60 443.40 

2 .00 0.77 1.55 0 .0 O.I$0 - 0 . 5 0 0 .0 



Iv TRATIUII M . N . E . —> D . L . 3 . 

MOLECULAR JJANTITIES IN THE LAYE.S. 

H&FQK. 11 ERA TICK. 
Mols, M/A u sed . 1.8220 S.3650 1.2465 2.2944 2.0203 0.2128 1.7766 

Mols . M . N . B . u s e d . 1.1920 .9535 .9127 1.7180 • 1.0610 1.9728 1.3930 

Mols H 2 3 0 4 a t s t a r t . .2943 .9535 .1060 .1582 .9943 .1067 .8382 

Mo I s . HNO 3 " " 1.1950 .9550 .9167 1.7180 0.0000 0 .0000 .6346 

Mols . H £ 0 " " .3327 .4565 .2238 .4182 1.0260 .1061 .3038 

I N I T I A L AGGREGATE. 3.0140 3.3185 2.1592 4.0124 3.0813 2.1854 3.1696 

AFTER NITRATION* 

Upper L a y e r . 
Mols , D . N , B . .2366 .6530 .110 - ,1670 0 .3588 ;5124 

Mols M . N , B . .9397 .2576 .6509 1.5410 .9917 1.6140 .8455 

Mols . H 2 S04 .0400 .0321 .0318 .0801 .0285 .0190 .0343 

" HN0 3 .8485 .1726 .7456 1.4930 O.OC.C 0.00 0 .0557 

" H 2 0 J .2049 .0455 .2844 .5120 0.0 c . o .0122 

T o t a l M o l s . , A c i d - f A q . . 1.0934 0.2502 1.0618 2.0851 0.0285 0.0190 .1022 

" " l ^ H ^ B j L - f - D . H . B . 1.1763 .9106 .7609 1.7080 QQT 7 1.9728 1.3579 

UPPER LAYER AGGREGATE. 2.2697 1.1608 1.8227 3.7931 1.020* 1.9918 1.4601 

LOWER LAYER. 

Mols . Org. Gompd. .0087 .0384 0 0 .045* - .0298 

H 2 3 0 4 .2313 .9207 .0733 .0760 .9640 .0862 .8080 

" KN0 3 .1067 .0073 .0438 .0500 O.OOOO 0.0000 0.0237 

* H 2 ° 1 .4087 1.1430 .1672 .1722 1.0466 .1094 .8497 

Mols A c i d + A q . .7467 2.1410 .2843 .2982 2.0105 .1956 1.6814 

107/ER LAYER AGGREGATE. .7554 2.1794 .2843 .2982 2.0557 .1956 1.7112 

TOTAL MOLS. AT END. 3.0251 3.3402 2.1070 4.0913 3.0759 2.1874 3.1713 

NO. OF MOLS. LOST 11 EXP. - . 0111 - .0217 .0522 - . 0789 .0054 - . 0 0 2 0 - .0007 



. A** D . K . B . 

.:0L3QuLA... ^ . I X ^ a i T I O K S OF AGIDa Ds BOTH LAYERS, 
( a t e q u i l i b r i u m ) 

BISTRIBUiION E ^ R B f f l i \ T ! C 3 . SEC010) S E T . ~ T f t G L £ . S U 

Exper iment . j *i Y 6 W 

UPPER LAY^R 

Organic L a y e r . i .Iols.$ E 2 S 0 4 3.66 12 .84 3.00 3.84 100 100 - 3 3 . 5 7 

HNO3 77.60 69.00 70 .25 71.60 0 0 5 4 . 51 

H 2 0 1 8 . 7 4 18.16 2 6 . 7 5 24.56 0 0 11 .92 

LOWER LAYER. 

Ac id L a y e r . H o l s , f H 2 S O 4 30.98 4 3 . 0 0 25.78 2 5 . 4 9 47 .95 4 4 . 0 7 48.06 

HHO3 14.30 3 . 6 1 15.41 1 6 . 7 7 0 . 0 0.0 1.41 

E 2 0 54.72 53.39 58.81 57.74 52.05 55.93 50.53 

AGGREGATE W/A. 

(%6th l a y e r s together) 
Mo I s . 5. 

H 2 S 0 4 

ENOg 

E 2 0 

14.71 38.94 7 .81 

51.91 12.86 58.65 

33.38 48.20 33^54 

6.55 48 .63 49 .02 47.23 

64 .73 0 . 0 ) 0 .00 4 .45 

28.72 5 1 . 3 * 50.98 48.32 



[TRATION OF _M^N.B. to D.N.B. 

M E N T A L 

1 T R A T I 0 N S 

INDEX OF EXPERIMENT. 
l 

XX 23 10 22 " 1 9 21 18 

COMPS of M/A 5 2 S 04 
i n Wgts. per cent. HNO* 

H2O 

0 . 0 0 
9 5 . 1 3 
4 . 87 

8 .27 
8 7 . 2 3 

• 4 .50 

20 .15 
7 5 . 4 3 

4.42 

2 5 . 0 
7 2 . 0 

5 . 0 

p.im 
62 .09 

4 . 0 5 
. -

54 .22 
6 2 . 0 7 

3 . 7 1 

4 8 . 5 1 
4 7 . 5 6 

4 . 1 5 

WGT. OF M/A used. 1 0 0 . 0 110 .57 8 8 . 8 0 105 .09 6 8 . 3 4 105 .08 6 1 . 0 9 

W G T . of MN.B used. 1 5 0 . 0 158 .01 131 .09 1 5 5 . 4 9 
4 7 4 . 2 8 

120.06 160 .37 1 2 1 . 8 0 

ccs. of M.N.B. required to 
be added to produce two 

lay e r s . 

only-
one 
phase 

Only 
one 

phase. 
45 50 25 30 

Total Water added to 
Dilute the W/A 400 .0 104 .36 100 .60 75 .15 5 0 . 0 5 5 0 . 2 9 4 0 . 5 8 

WGT. of ORGic* LAYER. 148.33 168.66 138 .55 250 .80 ] L52.89 188.04 154 .46 

WGT. of ACID LAYER 
_(*«PUu«ng Water ) 

500 .63 203 .32 177 .29 1 5 6 . 1 0 104.42 1 2 6 . 5 8 8 7 . 3 8 

COMPOSITION < ' ACID IOO .65 98 .96 
OF DILUTE W/A. 

IOO .65 

104 .56 i n grams. \ EXTRA 400. 0 0 104 .56 
? WATER 400. 0 0 

- . , .' 1 

76.69 8 2 . 9 5 5 4 . 5 9 7 6 . 2 9 4 7 . 0 0 

1 0 0 . 6 0 75 .15 5 0 . 0 5 5 0 . 2 9 4 0 . 3 8 

COMPOSITION OF DIL. W/A. 
i n Wgts. per cent. H2S0 4 0.00 4 . 51 

HNO, 1 8 . 7 9 40 .52 
H 90 8 1 . 2 1 55-57 

9 . 6 5 14 . 19 22.24 2 8 . 2 8 5 5 . 5 9 
29 .89 34.45 2 5 . 1 9 25.59 I 3 . O 8 
60.48 51 .36 52.57 4 6 . 1 3 53.53 

% HNOo by Wgt., 
in the diluted W/A 0 . 3 5 0 . 1 2 0.1 

very 
s m a l l <. 0 . 3 

very 
small 

1.2104 I . 2 3 8 5 1.2564 1.2590 I . 2 6 9 6 1.2444 :U£OQ6 D E N S I T Y Z ^ T C O O F 
_ W T T R O _ P R O D U C T 

N I T R O PRODUCT [ (B^density) 155 24.03 3 L 2 7 36 .80 5 7 - 7 0 5 8 . 6 0 42 . 47 

M.N.B. 146 .85 144 .65 107 .06 214 .00 9 5 . 1 9 129.44 9 1 . 9 9 
'(By differences^ 

TOTAL WGT. BEFORE J 
NITRATION. 6 5 0 . 0 572 .94 5 2 0 . 4 9 4 0 8 . 0 1 258 .45 515-74 225-27 

TO'̂ AL WGT. AFTER 
NITRATION. 648 .96 571.98 315 .62 4 0 6 . 9 0 237 .31 314. 62 221 .84 

x» 
TEST 
(a) 

TEST 
(b) 

T E S T 
(c)? 2 5 A 25B 24A 24B 20 

53 .92 
28.85 
17 .23 

54.41 
42.42 

3 .17 

54.41 
42.42 

5 .17 

54.41 
42.42 

5-17 

61.54 
55 .79 
2 . 87 

6 1 . 5 4 
55 .79 
2 . 87 

6 6 . 6 9 
50 .51 

5.00 

6 6 . 6 9 
20 . 3 1 

3.00 

69 .98 
27 .26 

2.76 

158 .52 66.76 200 .18 608 .55 1 2 8 . 1 0 154.00 166 .79 151 .45 115.67 

145.58 138 .55 417 .18 1600.0 156 .80 
+ 286 .71 

506 .90 456 .65 
+123.16 498 .57 268 .39 

Less 
than 

1 0 . 1 5 . 45 145 22 27 24 16 

1 2 0 . 7 5 5 1 . 2 6 154 .55 463.0 1 2 5 . 7 2 147 .05 136 .76 135 .99 80.04 

145*68 152*52 459 .20 1739 .0 471 .80 553 .45 
489 .90 

+123 .16 550.00 288.68 

256 .10 1 0 5 . 1 0 510.70 931-4 222 .90 272.40 266 .87 254.00 1 7 2 . 1 0 

155-55 51 .84 156 .57 468.0 99 .18 125 .5 i 3 0 . l l 118.0 92 .06 

1 2 0 . 7 5 5 1 . 2 6 154 .55 463.O 125 .72 1 4 7 . 1 136 .76 156.0 80.04 

2 9 . 0 2 
14 . 57 
5 6 . 6 1 

34 .87 
8 . 7 5 

56.40 

54 .85 
8 .66 

5 6 . 5 1 

35-12 
8 .11 

5 6 . 7 7 

3 5 . 2 1 
2 . 85 

6 1 . 9 4 

54 .47 
6 . 4 5 

59-10 

41 . 36 
1 .18 

5 7 . 5 6 

59 .75 
0 . 46 

59 . 81 

45.86 
0 . 537 

53 .803 

*0 . 4 0 .48 0 . 48 0 .52 0.4 0.4 0 . 50 0.64 0 . 5 

1 .2106 1 .275 1 . 2749 I . 2 6 4 1 . 2545 1.2455 1 .251 1 .256 1.2449 

< 1.0 47 .54 1 4 5 . 4 4 5 2 . 7 102 .6 8 9 . 6 4 124.2 119.1 8 1 . 4 7 

r 144 .7 104 .78 515 .8 1286 .5 569 .2 4 4 3 . 7 9 488 .86 4 1 0 . 9 207 .21 

402 .85 
256 .57 7 7 2 . 8 9 2671 .4 695 .53 8 0 8 . 0 8 8 3 . 3 6 785 .79 462.10 

401 .78 255.42 769 .90 2670.4 6 9 4 . 7 0 8 0 5 . 8 8 7 9 . 9 3 784.00 460.78 

http://i30.ll


BEFORE AND AFTER NITRATION 

INDEX OF EXPERIMENT. XX 25 10 22 19 2 1 18 

BEFORE NITRATION 

Gras. H 2 S 0 4 
0 .00 9.15 17-89 24.17 25.15 55.96 29.5-

Gms. HNO^ 95.15 96.45 66.99 75.67 42 .45 65.25 29.(5 ^ 

Gms. H 2 0 4.87 4.Q8 5.92 5.26 2.75 5.90 2.52 

Gms. M . N . B . 150.00 158 .01 151.09 229.77 120.06 160.57 121 .8) 

A g g r e g a t e Wgt . B e f o r e 
N i t r a t i o n . 250.00 268.57 219.89 T54.87 I88.59 265.56 182.® 

AFTER NITRATION. 

Gms. H 2 S O 4 0.00 8.76 17.08 22.15 25.22 55.79 29.18 
Gms. HNO^ 94.07 81.Q6 52.99 55-78 26.50 52.59 11 .40 

Gms. H 2 0 6.56 8 .24 6.62 7 .02 4.85 8.11 6 .42 

Gms. M . N . B . 146.85 144 .65 107.06 214.00 95.19 129.44 91.99 
Gms. D . N . B 1.50 24 .05 5i-?7 56.80 57.70 58.60 42.4.7 

Aggrega te Wgt . a f t e r 
N i t r a t i o n . 248.96 267.62 215.02 555.75 187.24 264.55 181.46 

Change i n w e i g h t o f 
H2S0 4 - f HNO^ -f H 2 0 -+ O.65 -11.60 -12.11 -22.14 -15.99 -28.79 -14 .09 

Change i n w e i g h t o f 
o r g a n i c s u b s t a n c e . -1.67 -+-10.65 f - 7 . 2 4 21.05 +-12.85 -+•27.67 - K L 2 . 66 

Aggrega te change i n 
w e i g h t . -1 .04 -0.95 -4 .87 -1.11 -1.3.6 -1 . 12 -1 . 45 

( 10 — 2*n ~"T7=I S U E , 

X f TEST TEST ^ TEST 25A 

V 

74.72 56.52 108.90 551.1° 78.58 

59.97 28.52 84.91 258.10 45.84 

25.87 2.12 $.55 19.29 5-68 

145.58 158.55 417.18 1600.00 445.51 

282.14 205.51 617.54 2208.49 57 l .6 l 

74.52 55.95 108.50 527.10 78.48 

56.65 9.00 26.91 75.54 6.55 

24 .40 6.81 21.16 65.56 14 .55 

144.70 104.78 515.80 1286.50 569*20 

1.00 47.54 145.40 452.70 102.60 

281.05 204 .08 615.57 2207.00 570.98 

-5.17 * -15.00 -45.81 -140.55 -28.92 

-v2.12 +15.77 -4-42.02 |-159.00 -+-28.29 

-1.05 -1.25 - 1 - 7 9 -1.55 -0.65 



fllTRATItiN OF M.N.B. to D.N.B. 

IgABLE SHOWING 

PRESENT BEFORE 

- MOLECULES 

AFTER, NITRATION 

INDEX OF EXPERIMENT. X X 23 10 22 19 21 18 

BEFORE WTTOA*IfiH. 

Mols. H 2 S 0 4 0 . 0 0 .09329 0.18240 0.24640 0.23600 O.3666O O.3OO85 

it HNÔ  1.51000 1.53100 I .O635O 1.20100 O.6736O 1.03550 0.46110 

rr H20 0.27020 0.27630 0 .21750 0.29220 0.15260 0.21640 0.13980 

n M.N.B. 1.21900 1.28400 I .O65OO 1.86700 0.97570 1.30300 O.9897O 

AGGREGATE 2.99920 3.18459 2.52840 3 . 6 0 6 6 O 2.03790 2.92150 1.89145 AGGREGATE 

AFTER NITRATION. 

Mols. H 2S0 4 0 . 0 O.O893O 0.17414 0.22585 0.23675 0.36^90 0.29750 

n HNÔ  1.49300 1.30100 0.84120 O.8538O 0.41760 0.51410 0.18100 

tt H2O O.364OO 0.45720 O.3673O. O.3895O 0.26800 0.45000 O.35625 

tt M.N.B. 1.19350 1.17500 0.87000 1-73940 0.77360 1.05200 0.74750 

ft D.N.B. O . O O 8 9 2 0.14300 0.18610 0.21900 0.22430 0.34860 0.25270 

AGGREGATE 3.05942 3 .16550 2.43874 5.4275*5 1.92025 2.7296O._ 1.83495 
r - - - - - - — 

MOLS. 

I n i t i a l - f i n a l H 2S0 4 

Loss of HNÔ  

Gain of H20 (gain) 

Loss of MNB 

Gain of DNB (gain) 

Excess MNB, un-nitrated, 
ad fed. 

— -.004 - . 0 0 8 - . 0 2 0 t 0 - . 0 0 2 - . 0 0 3 

0.017 .230 .222 .347 .256 .521 .280 

.094 .181 +-.150 .097 .315 .234 .216 

.026 .109 .195 .128 .201 .251 .242 

-T-.009 •f.143 •r.186 .219 .224 .349 .253 

1 . 7 0 1.14 .88 

Approx.mols. MNB added 
before 2nd layer came. 

>all(1.22) >all(1 . 2 8 ) .45 

,\ excess mols.MNB put i n 
after 2nd layer came .61 

.75 0 .95 

.23 .30 

.74 1 .0 

.74 

• 9B 

'1 

( 10 

x» 
TEST 
(a) 

TEST 
(b) 

•25 ) T A S U F S S Z L _ 

TES: 
(c) 25A 25B 24A 24B 20 

0.76170 0.37030 

O.6346O 0.44960 

1.32500 0.11760 

1.16700 1.12600 

3.883OO 2.06350 

1.11050 3.37550 0.80120 

1.34800 4.09700 0.72790 

0.35240 1.07000 0.20420 

3.39000 13.00400 >60400 

6.20090 21.54650 5-33730 

0.96330 1.13450 1.03000 

0.87500 .80240 O.7285O 

0.24520 .27530 6.25245 

4.12000 4.71200 4.05000 

6.20350 6.92420 6.O6095 

0.81110 

0.49180 

0.17425 

2.18100 

3.65815 

0 .75770 O.3665O 1.10400 3.3 3§00 0.00000 0.95750 1.12550 1 . 0 2 8 5 0 0.80460 

0.58160 0 . 1 4 2 9 0 0 . 4 2 7 3 0 1.1 9900 O.IOO85 0.27810 0 .05000 0.01857 0.00921 
1.55400 0 . 5 7 7 9 0 1 . 1 7 4 0 0 3.62700 0.79640 0.77040 O.919OO O.8839O 0 . 6 9 7 0 0 

1 .17600 0.85140 2.5665O 10 .45500 3.00000 3 .60700 3.97300 3 . 5 3 9 O O 1 . 6 8 4 0 0 

0 .00595 0 .28290 0.85320 2.69300 0.61040 0 . 5 3 3 4 0 $ O . 7 3 9 O O 0 .70870 0.48480 
3 . 8 7 5 2 5 2 .02160 6.12500 21.30900 5 . 5 0 7 6 5 6.14640 6.80650 5.97867 3.67961 

V.004 -.004 *0 -.040 -.001 - . 0 0 6 - . 0 0 9 -.001 - . 006 

.053 .307 .921 2.898 .627 •597 .752 .710 .483 

.029 .260 .822 2.557 .592 .525 .644 .631 .523 

t .009 •375 .824 2.549 . 6 0 4 .513 .739 .711 .497 
.006 .283 .853 2.693 .610 •533 •739 .709 .485 

1 .16 .84 2 . 5 4 1 0.3 3 .0 3.7 4.0 3 . 5 1 .7 

.15 .45 1.45 .22 .27 .24 .16 

—> 

1.1 0 . 9 7 5 .75 11.65 3 .38 4.44 3.31 2.02 
"about here, nitrat'. begins to be a 2-layer 
process. Hitherto the second layer has ten the 
essen t i a l l y a i j p c r f l i i ^ g . un-n"f.ratable. MNB added, 



HJTRATION QF M.N.B. T.Q DjiUB. 
pra n j ^ A f l E (tjOLECULARX COMPOSITION .p,F , , ACIDg. 

BEFORE AND AFTER NJTOAT.ION (10 2 5 ) 

_ ' 

INDEX OF EXPERIMENTS. XX 23 10 22 19 21 l 8 

BEFORE NITRATIQM 
Total Mols. of Acid present. 1.78020 1.90059 1.46340 1.73960 1.06220 I .6185O 0.90175 

4.91 12.46 14.17 22.22 22.65 35.37 

84 .82 80.56 72.67 69.05 63.41 63.97 51.14 
15.18 14.53 14.86 16.78 14.36 13.37 15.50 

Total Mols. of Acid Present. 1.85700 1.84750 1.58264 I .46915 0.92235 1.32900 0.83475 

N 
C_QtfP . -Ci£_ 
I.N MOLECULAR 

H 2S0 4 

HNO5 

H 2 0 

COMPff of W/A 
IN MOLECULARJ&g 

H 2 S 0 4 0 4.83 12.59 15.37 25.67 27.45 35.64 
H N O , 80.40 70.40 60.84 58.10 45.28 58.67 21.68 
H20 19.6 24.77 26.57 26.53 29.05 53.85 42.68 

One layer o n l y ^ j 
Mols. M.N.B,+ D^NjB per „ _ 

ioo"moil7w7l: 64.75 71.34 76.39 133.30 107.1 105.4 119.82 

Ratio -5S°-5 after 
deducting 1H 20 per 4 . 1 0 3.5* 4 .35 5«20 13.39 6.04 3-08 
1 H 2 S 0 4 

Change in E9S0A by „„ n n t y analysis 2(Tfieory = 0^ — -.08 + .13 ^ ' 2 0 +5-45 +4.80 +2.27 

TEST 
X» (a) 

TEST 
(b) 

TEST 
(c) 2 5 A 25B 24A 24B 20 

2.72130 0.95750 2.81090 8.54250 1.73330 2.08550 2.21220 2.01095 1.47715 

27.99 39.51 59.51 39.51 46.22 46.25 51.28 51.21 54.90 
25.32 47.95 47.95 47.95 41.99 41.99 36.28 36.24 33.29 
48.69 12.54 12.54 12.54 11.78 11.77 12.44 12.55 11.80 

2.69350 0.88750 2.70530 8.16100 1.69725 2.00600 2.09450 1.93097 1.51081 

28.15 41.50 40.80 40.87 47.12 47.72 53.62 53.25 53.24 
21.59 16.10 15.79 14.69 5.94 13.86 2.39 O.96 0 . 6 l 
50.27 42.60 43.39 44.44 46.91 38.40 43.99 45.79 46.12 

43.90 127.84 1 2 6 .4 2 l 6 i . i 5 212.75 206.4 225.0 209.65 143.52 

O.98 12.38 6.10 4.11 

+ 0.14 +1.79 +1.29 -hL.36 - 0 . 9 0 +1.49 +2.34 +2.04 -1.66 



LI .K.B. -> P .B .B . 

SXEJimiMIAL RBdULIa TOOI'I SEaifti Qg JEST TITRATION3 ( I Z i ) 

Experiment 

Gompn. of 
Wgt. 5 

y 

HN0 3

4 

H 20 

Wgt. of il/A used. 

•Vgt.of M.H.B. used. ( I ) 

11 11 11 11 (j?) 
./gt. of Di lut ing Water, 

Aggregate. 

No. of oos. K.N.B. added 
to uroduce 2 l a y e r s , 

S^PARTIOK. 

Wgt, of Org. Layer . 

Wgt, of Aoid l a y e r . 

Aggregate, 

loss of T7gt. on esperiment. 

4.25 4.25 4.25 4.25 4. Z6 

154.63 81.04 115.43 118.78 89.76 3 

115.57 242.43 86.25 88.99 164 

135.74 0.00 114.26 186.47 50 

30 16 20 
Tne i-ltfeiif,. 

Wgt. * HRO3' 
H 20 

0.32 

L5.52 
3.25 

0.46 

L0.42 
2.37 

0.27 0.42 

L2.975- 15.90 
1.927 3.06 

Density of fcltro Produot 
at 15°o . 

RJudAHKo. %Hrs. — 7 ih-t. 

rn/P> to 

16 /AJ. 

w y 

23,B„ 
72.2;-
4.5 

^3.20 
f 2.21 
1 4. 59 

103.7> i00.84 

46.1 [41.10 

127.'. 115.27 

424.2 #50.49 

702.0 t07 .7 . 

40 137 

186.0 69.92 

516.3 37.51 

702.3 *07.43 

- 0.1 I 0.27 

\ 4.6 
10.8c: 

* 84.51 

4. 38 
9.55 

66.07 

1.2646 1.2773 

ltr>. 

64.70 
31.12 

4.18 4.18 

56 a 

16 16 

J O j y Tjr A VI X W X7X 2QL So 

64.70 43.74 43.74 43.74 13.27 13.27 25.20 23.20 38.00 38.00 80.3 0.00 
31.12 
4.18 

52.30 
3.96 

52.30 
3.96 

52.30 
3.96 

81.68 
5.05 

81.68 
5.05 

72.21 
4.59 

72.21 
4.59 

57.24 
4.76 

57.24 
4.76 

15.4 
4.3 

95.30 
4.70 

87.90 68.75 67. 77 84. 2 L 56.16 88.50 61.38 103.23 120.58 120.54 115.13 87.03 

)6.68.4o) 168.16 69.14 86.04 122.15 46.82 259.69 336.64 135.15 136.26 34.62 157.39 

)( 45.33 • 90r66 148.51 167-. 89 I - - 252,20 395.44 -
383.59 389.24 377.32 462.91 375.98 480.38 435.53 405.01 490.77 489.75 - 392.29 

685,22 626.15 604.89 781.68 554.29 783.59 756.60 844.88 993.701141.99 - 636.71 

15 18 16 18 45 DUE /d̂ £rV 27 43 30.5 30.5 
(fat/If J 

22,84 on(L*y£'\ grams 

£29,60 177.95 170.78 251.02 125.16 224.30 266.14 346.69 408.73 555.34 156.80 

455.41 447.84 433.66 530.27 428.80 558.60 490.16 497.99 589.17 584.80 - 479.45 

0.19 

L3.420 
0.34f 

0.48 0.21 

L0.483' 12.493 
0.341 1.07* 

0.36 

6,75 
4.67 

0.45 0.39 0.33 0.69 

6.84/ 6.95/ 1.666 2.03d 
4.37? 3.710 9.330 10.16" 

0.30 0.20 0.80 1.85 

2.87^ 4.75 
7.11< 11.61 

7.94 
6.20 

8.00 
5.57 0.0 

636.25 

0.46 

0.00 
16.81 
83.19 

.2330 1.2527 1.2440 3 o l i d 1.2145 
D . K . B . 

/OO 



M . K . 3 . D . K . B . I toy 

WBIGi iT3 Q J C O K a l l l T K i l K I S D» i x i a l S S O J M l g R A l l C K - a ( I X X ) 

x xr nr ^ ~& I X 

G m s . H2SO4 8 8 . 7 3 4 6 . 5 4 6 6 . 3 2 6 8 . 2 3 5 1 . 5 6 

G m s . HNOg 5 9 . 2 4 3 1 . 0 4 4 4 . 2 3 4 5 . 5 1 3 4 . Z9 7 4 . 8 6 7 2 . 8 0 

3 m s . H 2 0 ( I n M / A ) 6 . 6 6 3 . 4 6 4 . 8 8 5 . 0 4 3 . 8 1 • „ 8 0 4 . 6 5 

" I I . M . B . ( r ) 1 1 5 . 5 7 2 4 2 . 4 3 8 6 . 2 5 8 8 . 9 9 1 6 4 . 4 5 ± 6 . 1 3 4 1 . 1 0 

( • M . H . 3 . (3T)) 1 3 5 . 7 4 0 . 0 0 1 1 4 . 2 6 1 8 6 . 4 7 5 0 . 5 4 ; - 7 . 9 9 1 1 5 . 2 7 

( " H2O ( f o r d i l u t i o n ) ) 4 4 8 . 5 0 3 8 2 . 3 7 4 2 1 . 9 3 3 3 4 . 5 4 4 1 7 . 8 7 , - 4 . 2 6 4 5 0 . 4 9 

A g g r e g a t e Y / g t . 8 5 4 . 4 4 7 0 5 . 8 4 7 3 7 . 8 7 7 2 8 . 7 8 7 2 2 . 6 2 1 0 2 . 0 9 7 0 7 . 7 0 

A T BND. 
Gma. H 2 3 0 4 

8 9 . 1 6 4 6 . 7 7 6 6 . 6 0 6 8 . 4 4 5 1 . 9 6 - 3 . 9 1 2 3 . 5 4 

Gma. HHO3 1 8 . 6 7 1 0 . 6 4 9 . 8 9 1 3 . 1 7 7 . 1 9 ^ 6 . 0 8 5 1 . 3 4 

Gms . H 2 0 ( i n ' J / A ) 1 8 . 1 6 9 . 2 4 1 4 . 7 8 1 4 . 3 2 1 1 . 6 5 1 2 . 0 6 1 2 . 1 4 

• H 2 0 ( a d d i t i o n a l ) 4 4 8 . 5 0 3 8 2 . 3 7 4 2 1 . 9 3 3 3 4 . 5 4 4 1 7 . 8 7 . - 4 . 2 6 4 5 0 . 4 9 

G m s . U . K . B . 1 7 3 . 7 3 2 0 1 . 8 5 1 3 5 . 2 2 1 2 . 7 9 1 6 3 . 1 8 ; L 7 . 1 9 1 1 6 . 0 6 

G m s . L . f c . B . 1 0 5 . 9 0 5 4 . 5 1 8 9 . 8 0 8 5 . 1 0 7 0 . 5 1 8 . 8 5 5 3 . 8 6 

A g g r e g a t e tfgt. 8 5 4 . 1 2 7 0 5 . 3 8 7 3 7 . 6 0 7 2 8 . 3 6 7 2 C . 3 6 ' . 8 . 3 5 7 0 7 . 4 3 

3 . 7 7 3 . 6 4 

3 : 3 3 lUi -JT/t yrrr. 6~o 

5 6 . 8 8 3 0 . 0 8 2 9 . 6 5 3 6 . 8 4 7 . 4 5 7 1 1 . 7 4 1 4 . 2 4 2 3 . 9 5 4 5 . 8 2 4 5 . 8 2 0 . 0 0 

2 7 . 3 6 3 5 . 9 6 3 5 . 4 5 4 4 . 0 4 4 5 . 8 7 0 7 2 . 2 8 4 4 . 33 7 4 . 5 4 6 9 . 0 4 6 9 . 0 4 8 2 . 9 1 

3 . 6 6 2 . 7 1 2 . 6 7 3 . 3 4 2 . 8 3 * 4 . 4 8 2 . 8 1 4 . 7 4 5 . 7 2 5 . 7 2 4 . 1 2 

2 1 3 . 7 3 1 6 8 . 1 6 6 9 . 1 4 8 6 . 0 4 1 2 2 . 1 5 4 6 . 8 2 2 5 9 . 6 9 3 3 6 . 6 4 1 3 5 . 1 5 1 3 6 . 2 6 1 5 7 . 3 9 

- 9 0 . 6 6 1 4 8 . 5 1 1 6 7 . 8 9 - - 2 5 2 . 2 0 3 9 5 . 4 4 -
3 8 8 . 5 9 3 8 9 . 2 4 377 . 32 4 6 2 . 9 1 3 7 5 . 9 8 4 8 0 . 3 8 4^55.63 6 0 5 . 0 1 4 9 0 . 7 7 4 8 9 . 7 5 3 9 8 . 2 9 

6 8 5 . 2 2 6 2 5 . 1 5 6 0 4 . 8 9 7 8 1 . 6 8 5 5 4 . 2 9 7 8 3 . 5 9 7 5 6 . 7 0 8 4 4 . 8 8 9 9 8 . 7 0 1 1 4 1 . 9 9 6 3 6 . 7 1 

6 6 . 8 9 3 0 . 2 3 2 9 . 6 5 3 6 . 7 5 7.144- 1 1 . 3 8 1 4 . 1 6 8 3 . 6 6 4 6 . 7 7 4 6 . 7 9 0 . 0 0 

* 4 . 9 0 2 0 . 9 2 1 8 . 9 9 1 9 . 6 7 4 0 . 0 0 0 5 6 . 7 8 3 4 . 9 9 5 7 . 8 3 3 6 . 5 2 3 2 . 5 8 8 0 . 60 

1 0 . 0 3 7 . 3 5 7 . 7 0 1 0 . 9 4 5 .676 1 0 . 0 6 5 . 4 9 1 1 . 4 9 1 5 . 1 1 1 5 . 6 6 4 . 7 8 

3 8 8 . 5 9 3 8 9 . 2 4 3 7 7 . 3 2 4 6 2 . 9 1 3 7 5 . 9 8 4 8 0 . 3 8 4 3 5 . 5 3 4 0 5 . 0 1 4 9 0 . 7 7 4 8 9 . 7 5 3 9 2 . 2 9 

1 7 0 . 3 2 1 3 8 . 6 9 1 2 7 . 4 5 1 8 6 . 4 9 1 0 9 . 9 8 1 8 2 . 9 6 8 4 4 . 1 6 3 0 6 . 2 6 3 2 2 . 8 6 & n 1 5 3 . 0 3 

5 9 . 2 8 3 9 . 2 6 4 3 . 3 3 6 4 . 5 3 1 5 . 1 8 4 1 . 3 4 2 1 . 9 8 4 0 . 4 3 8 5 . 8 7 9 2 . 7 0 5 . 8 0 

6 8 5 . 0 1 6 2 5 . 7 9 6 0 4 . 4 4 7 8 1 . 2 9 5 5 3 . 9 6 7 8 2 . 9 0 7 5 6 . 4 0 8 4 4 . 6 8 9 9 7 . 9 0 1 1 4 0 . 1 4 6 3 6 . 5 0 



t . * p £ R I "Ofc NT 

A T i l A H T . 
: : o l a . EgSO.i 

" HKO3 

A g g r e g a t e L i o l s . A c i d . 

M o l e . L I . l i . B . ( T ) 

" M . N . B . {JL) 

A g g r e g a t e M o l s . a t s t a r t . 

T i m e . H o u r s 

LToTs. E 2 3 0 4 

" E N 0 3 

n E 2 0 . 

A g g r e g a t e L I o l s . A c i d . 

H o l s . H . K . B . 

" D . K . B . 

A g g r e g a t e H o l s , a t e n d . 

T o t a l H o l s , l o s t i n e x p e r i m e n t , 

CGIL£fc'. 0 ? I l / A i i - H o l s . V ~*.^>i 
m o s 

H 2 0 

OOHIE. OF , ; / ; . i n L o i s . H 2 3 0 4 
HBO 3 

H2O 

M o l s . M . B . 3 r e q u i r e d t o p r o d u c e 
8 l a y e r s . 

M o l s . H . l i . B . d i s a p p e a r i n g i n 
n i t r a t i o n . 

H o l s . M . K . B . ( X ) feken. 
p e r H o i . E L H 0 3 -

H o l s . M . l . B . f o r 2 l a y e r s , 
p e r 1 0 0 o r i g . L l o l s , H B 0 3 

t 2. V rr • — 

. 9 0 4 5 . 4 7 4 6 . 6 7 6 2 , 69*. J , 5 2 5 6 . 2 4 5 1 . 2 3 8 5 . 5 9 5 6 . 5 7 4 4 . 5 7 9 8 , 3056 . 3 0 2 2 . 3756 .01 . 1197 . 1 4 5 2 . 4 6 7 2 , 4 6 7 2 0 . 0 0 

. 9 4 0 4 . 4 9 2 8 . 7 0 2 1 . 5 4 5 7 1 . 1 8 8 5 1 . 1 5 5 5 . 4 4 6 1 . 4 3 0 2 . 4 3 4 3 . 5 7 0 8 . 5 6 2 8 . 6 9 9 2 . 7 2 3 4 1 . 1 4 7 5 . 7 0 3 7 1 . 1 8 3 0 1 . 0 9 5 5 1 . 0 9 5 5 1 . 3 1 6 5 

. 3 6 9 6 . 1 9 2 0 . 2 7 0 8 , 2 7 t i . 2 1 1 4 , 2 6 6 3 . 2 5 8 1 . 2 0 9 2 . 2 0 2 0 . 2 0 3 1 . 1 5 0 4 . 1 4 8 1 . 1 8 5 3 . . 1 5 7 2 . 2 4 8 6 . 1 5 5 5 , 2 6 3 0 . 3 1 7 7 . 3 1 7 7 . 2 2 8 6 

2 . 2 1 4 5 1 . 1 5 9 4 1 , 6 4 9 1 1 . 2 8 2 7 1 . 6 9 9 9 1 . 6 5 2 1 1 , 2 5 0 9 1 . 2 0 6 6 1 . 2 1 7 2 1 . 0 2 7 8 1 . 0 1 3 2 1 . 2 6 0 1 0 . 9 6 1 6 1 . 5 1 5 8 1 . 0 0 4 4 1 . 6 9 0 1 1 . 8 8 0 4 1 . 8 8 0 4 1 . 5 4 5 1 

. 9 3 9 5 1 . 9 7 0 0 . 7 0 1 2 

1 . 1 0 3 0 0 , 0 0 0 0 . 9 2 8 8 

4 . 2 5 7 0 3 . 1 2 9 4 3 . 2 7 9 1 

. 7 2 3 / L . 3 3 6 5 . 3 7 5 0 . 3 3 4 1 . 4 4 6 4 1 . 2 6 1 0 1 . 7 3 7 7 1 . 3 6 7 0 . 5 6 2 0 . 6 9 9 4 

1 . 5 1 5 . . . 4 1 0 8 1 . 0 4 0 5 . 9 3 7 0 1 . 7 3 8 0 . 4 5 9 0 - - . 7 1 6 6 1 . 2 0 7 5 

3 . 9 2 b > 3 . 0 3 0 0 3 . 1 1 5 1 2 . 9 2 3 2 3 . 4 3 5 3 2 . 9 2 6 6 2 . 9 5 4 9 2 . 3 9 4 8 2 . 3 1 2 0 3 . 1 6 7 0 

2 I 16 2 23 2 16 2 2 2 16 

. 9 b 9 0 

. 2 9 6 4 

1 . 0 0 8 0 

2 , 2 1 3 4 

1 . 4 1 0 0 

Q . 6 3 0 6 

4 . 2 5 3 9 

+ . 0 0 3 1 

. 4 7 6 9 

. 1 6 8 9 

. 5 1 2 7 

1 . 1 5 8 5 

1 . 6 4 1 0 

. 3 2 4 5 

3 . 1 2 3 5 

. 6 7 9 0 

. 1 5 7 0 

. 8 2 0 2 

. 1 . 6 5 6 2 

1 . 0 9 8 0 

. 5 3 0 8 

3 .284o| 

- . 0 0 4 9 

4 0 . 8 4 4 0 . 8 4 4 0 . 8 4 . 
4 2 . 4 c --2.46 4 2 . 4 6 
1 6 . 7 0 1 6 . 7 0 1 6 . 7 0 1 

4 1 . 0 7 4 1 . 1 7 4 1 . 0 0 
1 3 . 3 9 1 4 . 5 8 9 . 4 8 
4 5 . 5 4 4 4 . 2 5 4 9 , 5 2 

, 9 9 9 4 . 0 0 

3 1 . 4 3 1 . 9 B8*C 

. 6 9 7 . . 2 4 3 8 . 2 4 0 0 . 5 9 7 1 

. 8 0 9 1 I . 1 1 4 1 . 8 9 0 3 . 8 1 4 9 . 0 2 3 6 

. 7 9 4 - , ' . 6 4 6 6 . 6 6 9 2 . 6 7 3 6 . 6 0 4 1 

1 . 7 0 1 - , 1 . 2 9 0 4 1 . 8 0 3 2 1 . 7 2 8 5 1 . 2 2 5 1 

1 . 7 3 0 c 4 . 3 2 6 5 1 . 1 1 5 0 . 9 4 3 5 1 . 7 6 7 0 

. 5 0 0 ' . 4 1 9 7 . 2 9 0 7 . 3 2 0 6 . 4 1 8 0 

3 . 9 3 7 ( £ . 0 3 6 6 3 . 2 0 9 0 2 . 9 9 2 6 3 . 4 1 0 1 

- . 0 0 1 0 • . 0 0 6 6 - . 0 9 3 9 - . 0 6 9 4 + . 0 2 5 2 

4 0 . o'. 4 0 . 6 4 1 4 . 4 4 1 4 . 4 4 4 7 . 6 1 
4 2 . 4 0 " 4 2 . 4 6 6 9 . 9 5 5 9 . 9 5 2 5 . 5 7 
16 .7C 1 6 . 7 0 1 6 . 6 1 1 5 . G l 1 6 . 8 2 

4 1 , 05 ; 4 1 . 0 6 1 3 . 5 2 1 3 . 6 8 4 8 . 7 6 
1 2 . J. i L 6 . 8 4 4 9 . 3 o 4 7 . 1 6 1 . 9 5 
4 6 . 6 c 5 0 . 1 0 3 7 . 1 0 3 8 . 9 6 4 9 . 2 9 

. 3 9 3 0 . 3 6 3 5 . 1 5 7 2 
. 5 0 9 1 ' , 4 2 0 8 . 3 0 0 5 . 3 2 7 6 . 4 0 7 4 

1 . 0 0 1 $ . 4 5 0 0 . 3 1 5 5 0 . 2 8 9 2 1 . 0 0 0 

- 2 8 . 1 3 3 . 0 3 1 . 4 3 5 . 2 

4 7 . 6 1 4 7 . 6 1 
2 5 . 5 7 3 5 . 5 7 

1 . 2 6 50 - - 2 . 0 5 0 0 2 . 2 1 4 0 

1 . 9 546 2 . 2 6 1 2 3 . 1 1 5 4 4 . 4 2 6 1 5 . 0 2 6 4 6 . 2 0 2 4 

2 1 8 2 6 16 70 

1 . 2 7 9 3 

2 . 8 2 4 4 

19 

3 6 . 5 3 4 . 0 

. 3 0 6 1 . 2 0 2 3 . 3 7 4 7 . 0 7 3 8 

. 3 0 1 5 . 3 1 2 3 ! . 6 2 5 0 

. 4 0 7 8 , 4 2 7 3 . 6 0 7 1 . 3 1 5 © 

1 . 0 4 7 9 1 . 0 3 1 1 1 . 2 9 4 1 1 . 0 2 3 8 

1 . 1 2 6 0 1 . 0 3 7 0 1 . 5 1 6 0 . 8 9 4 2 

. 2 2 2 6 . 2 5 7 9 . 3 8 4 1 . 0 9 0 3 

2 . 4 0 9 5 2 . 3 2 6 0 3 . 1 9 4 2 2 . 0 0 7 2 

- . 0 1 4 7 - . 0 1 4 0 - . 0 2 7 2 - . 0 5 2 7 

2 9 . 8 1 2 9 . 8 1 2 9 . 8 1 7 . 9 0 
5 5 . 4 9 5 5 . 4 9 5 5 . 4 9 7 5 . 7 4 
1 4 . 7 0 1 4 . 7 0 1 4 . 7 0 1 6 . 3 6 

2 9 . 9 0 
3 2 . 2 7 
3 7 . 8 3 

2 9 . 8 4 
2 9 . 7 6 
4 0 . 4 0 

2 8 . 9 5 
2 4 . 1 4 
4 6 . 9 1 

7 . 1 2 
6 2 , 0 8 

3 0 . 3 0 

. 1 7 6 8 

. 2 3 9 0 
, 1 5 7 2 
, 2 6 1 8 

. 1 7 6 8 

. 3 9 C 9 
. 4 4 2 1 
. 0 9 8 8 

2 . 3 9 5 0 . 9 9 9 1 . 0 0 0 1 . 3 6 4 

3 1 . 0 2 8 . 0 2 5 . 3 6 0 . 7 I 

. 2 4 1 2 . 4 7 6 9 . 4 7 7 0 

. 9 1 8 0 . 5 7 9 6 . 5 1 7 1 

. 6 3 7 6 . 8 3 9 1 . 8 7 0 8 

• S 
s * 

I * 
0 . 0 0 0 0 

1 . 2 7 9 2 

. 2 6 5 3 

1 . 7 9 6 8 1 . 8 9 5 8 1 . 8 6 4 9 t N. 
4. 
* 1 4 

1 t ° 
1 , 5 4 4 6 

2 . 4 8 9 0 2 . 6 2 5 0 3 . 7 6 0 0 

. 2 4 0 6 . 5 1 1 1 . 5 5 1 6 

1 , 2 4 4 0 

, 0 3 4 5 

4 . 5 2 6 4 5 . 0 3 1 9 6 . 1 7 6 5 

- . 1 0 0 3 - . 0 0 2 5 + . 0 2 5 9 

* > 
2 . 8 2 3 1 

+ . 0 0 1 3 

7 . 9 0 7 . 9 0 1 4 . 4 4 1 4 . 4 4 2 4 . 8 3 2 4 . 8 3 6 2 . 9 0 . 0 0 
7 5 . 7 4 7 5 . 7 4 6 9 . 9 5 6 9 . 9 5 5 8 . 2 4 5 8 . 2 4 1 8 . 8 8 3 . 2 7 
1 6 . 3 6 1 6 . 3 6 1 5 . 6 1 1 5 . 6 1 1 6 . 9 3 1 6 . 9 3 1 8 . 3 1 6 . 7 3 

7 . 3 6 1 4 . 3 7 1 3 . 4 2 2 5 . 1 4 2 5 . 5 7 6 2 . 9 0 , 0 0 
5 7 . 2 0 5 5 . 3 0 5 1 . 0 7 3 0 . 5 5 2 7 . 7 3 0 . 0 8 2 . 8 4 

c* 3 3 7 . 7 3 5 . 7 2 6 . 7 7 2 6 . 7 7 6 6 . 0 
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