
BULLETIN DE L'ACADEMIE 
POLONAISE DES SCIENCES 
CI. Ill - Vol. IV. NO. 6, 195f, 

• 

CHEMISTR Y 

On Hydrogen Bonds in Some Nitroalcohols. II . 
Infra-Red Absorption Bands of Nitrogronps 

by 

T . U R B A N S K I 

Communicated at the meeting of March 19, 1950 

I n the first paper on infra-red absorpt ion spectra of some ni t ro­
alcohols [1] the former hypothesis o n hydrogen bonds between the n i t ro­
group and h y d r o x y l groups [2] was subjected to a more detai led exa-
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mina t ion , m a i n l y on the basis of the frequency a n d in tens i ty of absorp­
t i o n bands produced b y the h y d r o x y l groups. 

I n the present paper, the vs absorp t ion band (see [1]), near 6.4 n, 
is examined i n a more detai led manner , a n d the band , near 7.5 n 
(not described i n the first paper) is also subjected to considerat ion. 

F igures 1-0 give the absorp t ion curves for the range between c. 6 
a n d 8 fi. 
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I n the compounds (I) (nitroethane), (II) (2-nitropropanol) , ( IV) (1-ni-
tropropane), (V) (2-nitrobutanol) a n d ( V I I ) (2-nitropropane), i . e. n i t ro­
paraffins or m o n o h y d r o x y l i c alcohols w i t h ac t ive hydrogen a tom at ta­

ched to the carbon a t o m bonded w i t h the n i t rogroup, the frequency is 
1567 c m . - 1 . I n the alcohols w i t h two h y d r o x y l groups, i . e. ( I l l ) (2-nitro-
2-methylpropane-] ,3-diol) and ( V I ) (2-nitTO-2-ethylpropane-l ,3-diol) or i n 
the a lcohol w i t h one h y d r o x y l group a n d no ac t ive hydrogen a t tached 
to the carbon a t o m bonded w i t h the n i t rogroup, i . e. ( V I I I ) (2-nitro-
2-methylpropanol) , the in tens i ty of the « 8 b a n d is ve ry s m a l l , the b a n d 
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becomes broader and the frequency lower: 1543, 1534 and 1555 c m . - 1 

respectively (see Table I ) . 

T A B L E I (»8 Baud) 
Suspension in paraffin-oil 

Thickness «•, Band 
Number 

Thickness 
Number Formula of the layer 

mm. 
Wave Length Frequency 

c u r 1 . 

(1) C H 3 C H 2 N 0 2 0.02 6.38 1567 1.131 

(11) C H 3 C H NO, 
CH,OH 
CH,OH 

0.02 6.38 1567 1.420 

(HI) CH C NO, 
CH,OH 

0.02 6.48 1543 0.383 

(IV) C ,H t CH,NO, 0.02 6.38 1567 1.337 

(V) C ,H 6 CH NO, (V) 
CH,OH 
CH,OH 

0.02 6.38 1567 1.244 

(VI) C 2 H 5 C N 0 2 

CH2011 
0.02 6.52 1534 0.494 

(VII) C H , 
CH.CH NO, 

0.02 6.38 1567 1.444 

(VI11) 
C H , 

i 1555 0.174 (VI11) (*II,C NO, 
CH,OH 

0.02 6.43 1555 0.174 

(IX) 
CH,OH 

H 0 C H , C NO, 
C H 2 o i l 

0.1 
0.4 

6.43 
>> 

1555 0.350 
0.975 

The absorption spect rum of the t r i o l ( I X ) (2-n i t ro-2-hydroxymethyl -
propane - l ,3-diol) gives a s t r i k ing example of a ve ry weak X 0 2 b a n d . 
O n l y when a considerable thickness of layer of the sample (0.4 mm.) 
was applied, d i d the presence of the w8 band become clear. 

The presence of one h y d r o x y l group reduced s l igh t ly the frequency 
of the »g band i n a l l examined compounds. Thus , b y passing f rom ni t ro-
ethane (I) to the corresponding monohydroxy l i c a lcohol (II) , Av was 
9 c m . - 1 . I n the instance of 1-nitropropane ( IV) or 2-nitropropane ( V I I ) 
a n d the alcohols (V) or ( V I I I ) respect ively, the decrease of the frequency 
Av was 6 a n d 5 c m . " 1 respect ively. There was no decrease of the inten­
s i ty of the abso lu t ion , o n the cont ra ry — a n increase of the in tens i ty 
of the absorpt ion w;is not iced . 

The presence of two h y d r o x y l groups marked ly reduced the fre­
quency of the band . Thus , the difference between the >i'e frequencies i n 
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T A B L E II « Band) 

Suspension in paraffin-oil 

Number 
Thickness 

of the layer 
nun. 

«8 Band 
Number 

Thickness 
of the layer 

nun. 
Wave length! Frequency 

c m . - 1 

(I) 0.02 7.45 1342 0.208 
(II) 0.02 7.50 1333 1.066 
(III) 0.1 7.63 1310 0.329 
(IV) 0.02 7.35 1361 0.396 
(V) 0.02 7.38 1355 0.719 
(VI) 0.1 7.58 • 1319 0.554 
(VII) 0.02 7.60 1316 0.664 
(VIII) 0.02 7.63 1311 0.294 

(IX) 0.1 7.58 1319 0.654 
0.4 7.63 1311 0.783 

compounds (I) and (I I I ) , ( I V ) a n d ( V I ) was 32 a n d 42 c m . - 1 respect ively. 
A t the same t ime , in tens i ty of the band considerably decreased and , 
for a better measurement, a th icker layer of the suspension h a d to be 
app l i ed . 

T h e same low frequency of the n'8 b a n d (1311-1319 cm. - 1 ) was no­
t i ced w i t h compound ( I X ) con ta in ing three h y d r o x y l i c groups, the 
in tens i ty of the absorp t ion be ing also re la t ive ly sma l l . 

• 

Discussion 

I t was former ly not iced tha t the m a x i m u m of u l t rav io le t absorp t ion 
near 270 m/x due to N O , group was t ransformed into a more or less pro­
nounced b a n d under the influence of two h y d r o x y l groups. T h i s was 
exp la ined b y the fo rmat ion of s ix-membered chelate r ings, con ta in ing 
hydrogen bonds between O H groups and the N0 2 group [2], accord ing 
to d i a g r a m m (C). F u r t h e r support to this hypothesis was g iven by the 
examina t i on of the frequencies and intensities of O H bands i n the infra­
red absorp t ion spect rum [1], and the exper imenta l facts described i n 
the present paper seem to conf i rm this v iew. 

He re are the m a i n points i n favour of the hypothesis on hydrogen 
bonds between O H a n d N0 2 groups ( in a d d i t i o n to those ment ioned i n 
the first pub l i ca t ion [1]): 

1. The frequency a n d in tens i ty o i the ns a n d v'8 bands are consider­
a b l y reduced i n presence of at least two h y d r o x y l groups. 

2. One h y d r o x y l group s l igh t ly reduces the frequency of the n's band 
a n d i n the compounds (II) a n d (V) no decrease of the in tens i ty of the 
bands has been not iced. 
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3. One h y d r o x y l group wi thou t a n ac t ive hydrogen a t o m a t tached 
to the carbon bonded w i t h the ni t rogroup (compound V I I I ) , reduces 
the frequency a n d in tens i ty of the » 8 band . The in tens i ty of the v's b and 
is also considerably reduced. 

I t remains unexp la ined w h y i n compound ( V I I I ) one h y d r o x y l group 
produced such a s t rong effect u p o n the in tens i ty of the w8 band , whereas 
i n the compounds (II) a n d (V) no lower ing of the in tens i ty of the n , b a n d 
was not iced. The on ly exp lana t ion Ave can give for the t ime being, is 
based on the difference between the structure of the compound (Mil) 
o n one side a n d the compounds (II) a n d (V) on the other. The former 
does not conta in . Avhile the tAvo la t te r compounds con ta in the ac t ive 
hydrogen a t o m a t tached to the carbon a t o m bear ing the n i t rogroup . 
T h e act ive hydrogen either Aveakens the hydrogen bonds of t ype (C) 
(as i t was admi t t ed i n the previous paper [1]), or increases the in tens i ty 
of X O o - v i b i •ations. 

I t seems also tha t the substances i n sol id fo rm possess another k i n d 
of hydrogen bonds between the O H a n d the N 0 2 groups, i n a d d i t i o n to 
the bonds accord ing to (C). T h i s would be the intermolecular bonds of 
the t ype (F ) . 

B C - 0 C - O - H O 
\ , ^ \ \ ^ 

C II c 
if ^ N = 0 ^ C - O - H 0 ^ 
I I 
o o 

H 
(C) (P) 

The (F) bonds would increase the effect of the (C) bonds upon the 
infra-red absorpt ion spect rum. I n order to establish the correctness of 
d iagram (F), experiments Avill be carr ied out o n the infra-red spectra 
of the compounds i n quest ion i n solut ion . 
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