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Structural Study of Nicotine Salts* 

by Thomas A. Perfettt. 

Research and Development, R. ]. Reynolds Tobacco Company, 

Winston-Salem, North Carolina, V. S. A. 

SUMMARY 

The structures of three types of nicotine salts have been 
determined. These salts have acid to base ratios of either 
1: 1, 2: 1, or 3: 1. Salt formation between organic acids 
and nicotine is dependent upon the structure of the 
acids (aliphatic or aromatic) and their functionality. The 
1 : 1 salts of nicotine have amino acids or benzoic-type 
acids bound to the N-methylpyrrolidine nitrogen of 
nicotine. The 2 : 1 salts are found to bind to one acid 
group as in the 1 : 1 salts and a second to the nitrogen of 
the pyridine ring. The 2 : 1 salts of nicotine are formed 
with formic acid, aliphatic dicarboxylic acids, and/or 
nitroaromatic acids. Nicotine forms 3: 1 salts with 
aliphatic monocarboxylic acids starting with acetic acid. 
Here one acid is bound as in the 1 : 1 salts while the 
other two acids dimerize and bind to the nitrogen of the 
pyridine group. 
Infrared (IR), ultraviolet (UV), proton nuclear mag
netic resonance (PMR), and carbon nuclear magnetic 
resonance (CMR) spectroscopy as well as field desorp
tion- mass spectroscopy (FD-MS) were used in this 
investigation of the structure of nicotine salts. 

ZUSAMMENFASSUNG 

Die Struktur von drei Nicotinsalztypen mit dem 5aure/ 
Base-Verhiihnis von 1 : 1, 2 : 1 und 3 : 1 wurde bestimmt. 
Die Salzbildung zwischen organischen Sauren und Ni
cotin hiingt von der Struktur (aliphatisch oder aroma
tisch) der 5auren und deren funktionellen Gruppen ab. 
Bei den 1 : 1-Salztypen sind Aminosiiuren oder benzoe
siiureah.nliche Sauren an den N-Methylpyrrolid.in-Stick
stoff des Nicotin gebunden. Bei den 2: 1-Salztypen ist 
die eine Siiure wie bei den 1 : 1-Salzen und die zweite 
Siiure an den Stickstoff des Pyridinringes gebunden. Die 
2: 1-Nicotinsalze bilden sich mit Ameisensiiure, alipha
tischen Dicarbonsiiuren und/oder nitroaromatischen Sau-

* Received: 22nd July 1981 - a«.q>ted: 8th Nov~mber 1982. 

ren. Mit aliphatischen Monocarbonsiiuren, beginnend 
mit Essigsaure, bildet Nicotio Salze, die ein Saure/Base
Verhiiltnis von 3: 1 haben. Bei diesen Salzen entspricht 
die Bindung der ersten Siiure der der 1 : 1-Salze, wah
rend die anderen beiden Siiuren dimersieren und sich an 
den Stickstoff der Pyridingruppe binden. 
Zur Strukturaufk.liirung wurden folgende Verfahren ein
gesetzt: Infrarotspektroskopie (IR), Ultraviolettspektro
skopie (UV), magnetische Protonenresonanzspektro
skopie (PMR), magnetische Kohlenstoffresonanzspek
troskopie (CMR) und Desorptionsfeldmassenspektro
skopie (FD-MS). 

RESUME 

La structure de trois types de sels de nicotine a ete deter
minee, ceux-ci pri!sentant un rapport acide/base de re
spectivement 1 : 1, 2 : 1 et 3 : 1. La constitution de sel 
entre les acides organiques et la nicotine depend de la 
structure des acides (aliphatique ou aromatique) et des 
groupes fonctionnels de ceux-ci. Les sels 1 : 1 pri!sentent 
des acides amines ou des acides de type benzolque lies a 
I' azote N~methylpyrrolidine de la nicotine. Pour les sels 
de rapport 2 : 1, l'un des acides est lies comme dans le 
cas des sels 1 : 1 et le deuxieme acide se combine a 
l'azote du cycle de pyridine. Les sels de nicotine du 
rapport 2: 1 soot constitues d'acide formique, d'acides 
aliphatiques dicarboxyliques et/ou d'acides nitroaroma
tiques. La nicotine constitue des sels d'un rapport 
acide/base de 3 : 1, a partir d'acides monocarboJQrliques 
aliphatiques, a commencer par l'acicfe acetique. Dans ce 
cas, la liaison du premier acide correspond a cdle des 
sels du rappon 1 : 1, tandis que les deux autres acides se 
dimerisent et se combinent a l'azote du groupe pyridine. ~ 

Pour l'etude de la structure des sels de nicotine, on a· 
utilise les precedes suivants: spectroscopie infrarouge 
(IR), spectroscopie a l'ultraviolet (UV), spectroscopie 
magnetique a resonance protonique (PMR), spectrosco
pie magnetique a resonance carbonique (CMR) et spec
troscopie de masse du champ de desorption (FD-MS). 
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Table 1. Infrared absorption bands (cm-1) of nicotine salts. 

Acid H-bonding -coo9 Dimerization, OH-bonding Others References and/or C-0 stretching 

Formic 37-2300 1725 1590 B 1200B 2120-1970++ 3, 4, 21 

Acetic 32-2200 1725 B 1570 B 1430B 1265 B 1050 1009 3, 4, 21 
1715 B 1360 B 2100-1900 

_ Propionic 35-2300 1725 1595 1462 1380 B 1275 1071 3, 4, 21 
1578 1465 1212 2100-1850 

Butyric 32-2400 1727 D* 1582 1460 1400 1270 1092 1041 4, 8, 21 
1717 D 1442 1200 2010-1900 

2-Methylbutyric 32-2400 1722 15980 1460 1382 1261 1152 4, 8, 21 
1569 D 1429 1203 2010-1900 

3-Methylbutyric 32-2400 1725 D 1565 B 1468 1370 1292 1120 1098 4, 8, 21 
1717 D 1431 1385 1200 2110-1850 

Valeric 32-2300 1721 1570 1449 1190 1101 1090 4, 8, 20, 21 
1430-1380 B 2100-1850 

Lauric 32-2200 1717 1575 1457 1403 1260-1180 1110 12, 14 
2120-1820 

Tartaric 37-2300 1730 1652 B 1565 1265 1130 1075 872 10, 17, 18 
1211 1108 1060 

Citric 37-2200 1728 1585 1400 1215 810 
2060-1880 

Malic 3400 B 1702 1605 B 1450 B 1300 1233 1098 
31-2200 1578 B 1170 

Oxalic 37-2200 1715 1604 1200 2090-1980 15, 7 
3350 

Benzoic 2960 B 1710 B 1600 1449 1380 1272 1119 1070 3, 8, 9 
2780 B 1582 

Gentisic 32-2400 1575 148~ 1340 1275 1192 1022 3, 5, 8, 9 
2700-2250 1430 1235 1121-1011 

Gallic 34-2200 1693 1540 B 1350 B 1194 B 1035 3, 5, 8, 9 

Phenylacetic 31-2200 1720 1580 1495 2100-1850 3, 6, 8, 9 
1455 

Salicylic 1628 1590 1430 1290 1135 3, 8, 9 

Phthalic 2600-1900 B 1692 1550 1450 B 1360 1200 B 1120 1020 3, 8, 9 
1105 
1095 1010 

Picric** 1630 1550 1340 1270 1152 1980 6, 22 
1610 1529 1310 1178 1088 2100 

Sulfosalicylic 31-2500 1695 1612 1290 1162 1071 9 
1590 1260 1120 1021 

Tannic 37-2200 1712 1601 1595 1325 B 1200B 2, 11 
1090 1030 

Pectic 37-2200 1730 1601 1140 1090 1, 16, 23 
3370 

Alginic 37-2300 1740 1609 B 1409 1080 1015 13, 16 
1031 

Hydrochloric** 34-2200 2050 B 1640 1560 B 1470 1335 1265 1000 24 
2000 1617 1210 1015 

Chloroplatinic** 3540 3200-3160 2720B 1600 1310 1210 1003 668 19 
3480 3110-3080 1630 1255 1185 

Silicotungstic** 3530 3070 2720 B 1620 B 1270 1190 912 780 12 
3370 1567 1200 1010 870 675 

Pyruvic 37-2300 T* 1715 B 1622 B 1430 1160 B 5 
1350 

Glutamic 32-2200 1670 1642 1610 B+ 1452 1315-1258 1128 25 
1235 

Aspartic 3140 1690 1620 ~560 B+ 1500 1350-1213 1119 1900 25 
32-2200 B 1310-1140 1072 2070 

• D • doublet, B • broad, T ~ triplet. ** Frequencies do not conform to headings. + Indicative of zwltterlon formation. 

++ Frequencies In the ranQ;. of 2100-1820 are those Indicative of ammonium and lmmlnlum salts. 
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INTRODUCTION 

The molecular composition and structure of nicotine 
salts have been topics of investigation and discussion for 
many years. Controversy over the composition of nic
otine salts arises from the fact that these salts exist with 
varying ratios of acid to base. While this is not unusual 
in itself, the presence of two basic sites in the nicotine 
molecule and the existence of 1 : 1, 2 : 1, and 3 : 1 salts 
makes it somewhat difficult to state a priori what the 
structure of a particular salt is. 
Infrared (IR) and ultraviolet (UV) spectroscopic studies 
have been made of the aromatic acid and dicarboxylic 
acid salts of nicotine in an attempt to elucidate their 
structure (3, 5). The data support the structures assigned
by. Dezelic et al. (4, 7) for the 1: 1 and 2: 1 salts of 
nicotine and aromatic acids. The conclusions reached by 

References for Table 1: 

1. Baier, W. E.: U. S. Patent 2,207,694 (July 9, 1940). 

2. Batchelder, C. H.: U. S. Patent 2,152,236 (March 28, 1939). 

3. Dezelic, M.: Rad. Jug. Akad. Znan. i Umjet knj. 263 (82) 
(1939) 157-168. 

4. Dezelic, M., J. Grujic-Vasic and S. Ramic: Glasnik Dru§tva 
Hemi~ara Technol. N. R. Bosne i Hercegovine 12 (1963) 
53-58. 

5. Dezelic, M., and B. Nikolin: Glasnik Dru§tva Hemi~ara 
Technol. N. R. Bosne i Hercegovine 10 (1961) 55-62. 

6. Dezelic, M., and B. Nikolin: Spectrochimica Acta (Part A) 23 
(1967) 1149-1153. 

7. Dezelic, M., B. Nikolin and R. Popovic: Glasnik Dru§tva 
Hemi~ara Technol. N. R. Bosne i Hercegovine 13/14 (1964-
1965) 27-36. 

8. Dezelic, M., and B. Stancic: Bull. Soc. Chim. Repub. Pop. 
Bosnie et Herzegovine 1 (1952) 7-19. 

9. Dezelic, M., and D~ Tomic: Kern. Vjesnik 17 (1943) 39-57. 

10. Dreser, H.: Arch. Pharm. 27 (1889) 266-270. 

11. Ginsburg, J. M., and R. F. Mann: J. Econ. Entomol. 24 
(1931) 695-701. 

12. Hansberry, R., and Norton, L. B.: J. Econ. Entomol. 34 
(1941) 80-83. 

13. Kercoff, M.: France Patent 988,608 (August 29, 1951). 
14. Moore, W.: J. Econ. Entomol. 11 (1918) 341-342. 

15. Parenty, H., and E. Grasset: C. R. Acad. Sci. 119 (1894) 
1273-1276. 

16. Parkins, P. R.: Canada Patent 977,233 (November 4, 
1975). 

17. Pictet, A.: Chem. Ber. 33 (1900) 2353. 

18. Pictet, A., and A. Rotschy: Chem. Ber. 37 (1904) 1225-
1235. 

19. Smith, C. R.: J. Amer. Chem. Soc. 75 (1953) 2010-2012. 

20. Turkovic, 1.: Kern. Vjesnik 15/16 (1941-1942) 53-67. 

21. Turkovic, 1.: Doe. diss. (Zagreb), 1942. 

-22. Wada, E., K. Yamasaki, M. lhida, K. Sacto and Y. Naka
yama: Scientific Papers of the Central Research Institute, 
Japan Monopoly Corporation No. 97, 1957, pp. 27-39. 

23. Wilson, C. W.: U. S. Patent 2,207,185 (July 9, 1940). 
24. Witkop, B.: J. Amer. Chem. Soc. 76 (1954) 5597-5599. 

25. Yaichnikov, I. S.: Biochem. Z. 265 (1933) 426-428. 

Dezelic et al. on the structure of the 2 : 1 salts of nic
otine and dicarboxylic acids were confusing, and addi
tional structural analyses were needed (3). Because of 
this ambiguity, a structural study of several classes of 
1 : 1, 2 : 1, and 3 : 1 nicotine salts was undertaken. 

MATERIALS AND METHODS 

Chemicals 

Nicotine (Eastman) was purified by treatment with 
solid sodium hydroxide, filtration, and distillation under 
vacuum. The nicotine obtained was a colorless liquid 
(boiling-point: 246-7 °C). All acids used in this report 
were commercially available and were reagent grade or 
better. Further purification was not needed. 

Preparation of Salts 

The preparations for all nicotine, pyridine, and pyrrol
idine salts can be found in the literature. Appropriate 
references are noted as each compound is discussed 
(Table 1). 

Instrumentation 

Infrared spectra were obtained with a Perkin-Elmer 283 
infrared spectrophotometer. Samples were prepared as 
Nujol* mulls on AgCl plates. A large variety of nic
otine salts were analyzed to establish a data base 
(Tables 1 and 2). Proton nuclear magnetic resonance 
spectra (PMR) were produced with a Varian EM 390 
(~H) spectrometer. All spectra were run in either CDC13 

or D20 at 25 oc (Table 6). Carbon nuclear magnetic 
resonance spectra (CMR) were produced with a Varian 
CFT-20 (13C) spectrometer. Spectra were run in either 
CDC13 or D20 as shown in Table 3. The temperature 
for all spectra was maintained at 25 °C. Field desorption 
mass spectra were obtained with the Varian CH-5 
double-focusing FD-MS system. 

RESULTS AND DISCUSSION 

1:1 Acid-Base Ratio- Nicotine Salts 

Aromatic Acid Salts: Nearly all benzoic-type acids form 
1 : 1 nicotine salts. Nicotine gentisate (gentisic add = 
2,5-dihydroxybenzoic acid) is a colorless crystalline 
solid, melting at 148-9 oc (4). Not all aromatic nic- -
otine salts are solids; but, because it can be obtained in a 
pure state, nicotine gentisate is chosen for illustration. 

* Nujol is a trade name for a commercially available heavy hydrocarbon oil used 
commonly in the preparation of mulls. Solid nicotine salts were finely ground 
(< 2 J.l particles) and suspended in Nujol (a suitable infrared-transparent 
medium) to form a two-phase mixture known as a mull. 



~
 

T
ab

le
 2

. 
P

h
ys

ic
a

l 
ch

a
ra

ct
e

ri
st

ic
s 

o
f 

n
ic

o
ti

n
e

 s
a

lt
s.

 

M
el

tin
g 

po
in

t 
(a

) 
S

ol
ub

ili
ty

**
 

O
do

r 
M

ol
ar

 r
at

io
* 

of
 

or
 b

eg
in

 t
o 

I a
lc

oh
ol

 
I 

A
ci

d 
A

pp
ea

ra
nc

e 
an

d 
st

ab
ili

ty
 

ac
id

 : 
ni

co
tin

e 
de

co
m

po
se

 (
b)

 
H

20
 

ot
he

rs
 

F
or

m
ic

 
ye

llo
w

 o
il,

 d
ec

om
po

se
s 

on
 s

ta
nd

in
g 

ve
ry

 s
lig

ht
 a

ci
d 

od
or

 
2

: 
1 

-
so

lu
bl

e 
so

lu
bl

e 
A

ce
tic

 
ye

llo
w

 o
il,

 d
ec

om
po

se
s 

on
 s

ta
nd

in
g 

ve
ry

 s
lig

ht
 a

ci
d 

od
or

 
3

: 
1 

-
so

lu
bl

e 
so

lu
bl

e 
to

 b
ro

w
n 

oi
l 

P
ro

pi
on

ic
 

ye
llo

w
 o

il,
 d

ec
om

po
se

s 
on

 s
ta

nd
in

g 
ve

ry
 s

lig
ht

 a
ci

d 
od

or
 

3
: 

1 
-

so
lu

bl
e 

so
lu

bl
e 

to
 b

ro
w

n 
oi

l 
B

ut
yr

ic
 

ye
llo

w
 o

il,
 d

ec
om

po
se

s 
on

 s
ta

nd
in

g 
gr

ee
n 

ap
pl

es
 

3
: 

1 
-

so
lu

bl
e 

so
lu

bl
e 

to
 b

ro
w

n 
oi

l 
2-

M
et

hy
lb

ut
yr

ic
 

ye
llo

w
 o

il,
 d

ec
om

po
se

s 
on

 s
ta

nd
in

g 
no

ne
 

3
: 

1 
-

so
lu

bl
e 

so
lu

bl
e 

to
 b

ro
w

n 
oi

l 
3-

M
et

hy
l b

ut
yr

ic
 

ye
llo

w
 o

il,
 d

ec
om

po
se

s 
on

 s
ta

nd
in

g 
no

ne
 

3
: 

1 
-

so
lu

bl
e 

so
lu

bl
e 

to
 b

ro
w

n 
oi

l 
V

al
er

ic
 

ye
llo

w
 o

il,
 d

ec
om

po
se

s 
on

 s
ta

nd
in

g 
no

ne
 

3
: 

1 
-

so
lu

bl
e 

so
lu

bl
e 

to
 b

ro
w

n 
oi

l 
La

ur
ic

 
ye

llo
w

 o
il 

so
ap

y 
3

: 
1 

-
in

so
lu

bl
e 

so
lu

bl
e 

P
al

m
iti

c 
ye

llo
w

 o
il 

no
ne

 
3

: 
1+

 
-

in
so

lu
bl

e 
so

lu
bl

e 
T

ar
ta

ric
 

co
lo

rle
ss

 c
ry

st
al

s 
no

ne
 

2
: 

1 
8

8
-8

9
 ·
c
 

ve
ry

 s
ol

ub
le

 
so

lu
bl

e 
et

he
r 

C
itr

ic
 

ye
llo

w
 o

il,
 v

is
co

us
, 

st
ab

le
 

no
ne

 
2

: 
1 

-
so

lu
bl

e 
so

lu
bl

e 
M

al
ic

 
co

lo
rle

ss
 c

ry
st

al
s,

 s
ta

bl
e 

no
ne

 
2

: 
1 

1
o

2
-1

0
3

 ·
c
 

so
lu

bl
e 

so
lu

bl
e 

O
xa

lic
 

co
lo

rle
ss

 c
ry

st
al

s,
 s

ta
bl

e 
no

ne
 

2
: 

1 
11

0 
·c

 
so

lu
bl

e 
so

lu
bl

e 
B

en
zo

ic
 

or
an

ge
 o

il,
 s

ta
bl

e 
no

ne
 

1 
: 

1 
-

so
lu

bl
e 

so
lu

bl
e 

G
en

tis
ic

 
co

lo
rle

ss
 c

ry
st

al
s,

 s
ta

bl
e 

no
ne

 
1 

: 
1 

14
7 

·c
 

so
lu

bl
e 

so
lu

bl
e 

in
so

lu
bl

e:
 C

H
C

I 3
, 
et

hy
l 

ac
et

at
e 

G
al

lic
 

co
lo

rle
ss

 c
ry

st
al

s,
 h

yg
ro

-
no

ne
 

1 
: 

1 
1

6
2

-1
6

3
•C

 
sc

op
ic

, 
de

co
m

po
se

s 
' 

1
1

3
-1

1
4

•c
+

+
 

so
lu

bl
e 

so
lu

bl
e 

in
so

lu
bl

e:
 C

H
C

I 3
 

P
he

ny
la

ce
tic

 
or

an
ge

 o
il,

 d
ec

om
po

se
s 

on
 s

ta
nd

in
g 

no
ne

 
3

: 
1 

-
so

lu
bl

e 
so

lu
bl

e 
S

al
ic

yl
ic

 
co

lo
rle

ss
 c

ry
st

al
s,

 s
ta

bl
e 

no
ne

 
1 

: 
1 

1
1

6
-1

1
7

 ·
c
 

so
lu

bl
e 

so
lu

bl
e 

so
lu

bl
e:

 e
th

er
 

P
ht

ha
lic

 
co

lo
rle

ss
 c

ry
st

al
s,

 s
ta

bl
e 

no
ne

 
1 

: 
1 

1
2

6
-1

2
7

 ·
c
 

so
lu

bl
e 

so
lu

bl
e 

in
so

lu
bl

e:
 e

th
er

 
P

ic
ric

 
ye

llo
w

 c
ry

st
al

s,
 s

ta
bl

e,
 s

ol
id

 
no

ne
 

2
: 

1 
2

2
8

-2
2

9
 ·
c
 

in
so

lu
bl

e 
in

so
lu

bl
e 

in
so

lu
bl

e:
 e

th
er

 
S

ul
fo

sa
lic

yl
ic

 
lig

ht
 t

an
, 

so
lid

 
no

ne
 

1 
: 

1 
21

1 
·c

 
so

lu
bl

e 
so

lu
bl

e 
in

so
lu

bl
e:

 e
th

er
 

T
an

ni
c 

ta
n,

 a
m

or
ph

ou
s,

 s
ol

id
 

no
ne

 
1 

: 
5 

(b
)>

 1
90

 ·
c
 

in
so

lu
bl

e 
in

so
lu

bl
e 

in
so

lu
bl

e:
 e

th
er

 
(e

vo
lu

tio
n 

of
 g

as
) 

P
ec

tic
 

so
lid

, 
am

or
ph

ou
s 

po
w

de
r,

 
no

ne
 

1 
: 

3 
(b

) 
20

0 
·c

 
so

lu
bl

e 
in

so
lu

bl
e 

in
so

lu
bl

e:
 e

th
er

 
go

ld
en

 
(c

ha
r 

at
 2

40
 •

c
) 

A
lg

in
ic

 
so

lid
, 

am
or

ph
ou

s,
 s

ta
bl

e 
no

ne
 

1 
: 

2+
++

 
(b

)>
 1

60
 ·
c
 

ve
ry

 s
ol

ub
le

 
in

so
lu

bl
e 

in
so

lu
bl

e:
 e

th
er

 
H

yd
ro

ch
lo

ric
 

ta
n,

 s
ol

id
, 

de
liq

ue
sc

en
t 

2
: 

1 
1

5
4

-5
5

·c
 

so
lu

bl
e 

so
lu

bl
e 

C
hl

or
op

la
tin

ic
 

or
an

ge
, 

so
lid

 
no

ne
 

1 
: 

1 
(b

)>
 2

5
o

•c
 

in
so

lu
bl

e 
in

so
lu

bl
e 

in
so

lu
bl

e:
 e

th
er

 
(
~
o
H
,
4
N
2
 o

 
P

tC
I 

o 
2 

H
C

I) 
S

ili
co

tu
ng

st
ic

 
co

lo
rle

ss
 c

ry
st

al
s,

 s
ol

id
 

no
ne

 
1 

: 
1 

st
ab

le
 >

 3
00

 ·
c
 

in
so

lu
bl

e 
in

so
lu

bl
e 

in
so

lu
bl

e:
 e

th
er

 
P

yr
uv

ic
 

ye
llo

w
 o

il,
 s

ta
bl

e 
no

ne
 

2
: 

1 
-

so
lu

bl
e 

so
lu

bl
e 

G
lu

ta
m

ic
 

w
hi

te
, 

am
or

ph
ou

s,
 s

ol
id

 
no

ne
 

1 
: 

1 
1

9
9

-2
o

o
·c

 
ve

ry
 s

ol
ub

le
 

so
lu

bl
e 

in
so

lu
bl

e:
 C

H
C

I 3
, 

et
he

r 
A

sp
ar

tic
 

w
hi

te
, 

am
or

ph
ou

s 
no

ne
 

1 
: 

1 
(a

) 
>

 3
00

 ·
c
 

ve
ry

 s
ol

ub
le

 
in

so
lu

bl
e 

in
so

lu
bl

e:
 e

th
er

 

• 
m

ol
ar

 r
at

io
 u

se
d 

In
 r

ea
ct

io
n 

••
 o

bs
er

ve
d 

so
lu

bi
llt

ie
s 

In
 a

pp
ro

xi
m

at
el

y 
20

0 
m

g 
/m

l 
of

 s
ol

ve
nt

 
+

+
+

w
tw

 r
at

io
 

+
 a

na
ly

ze
d 

by
 C

M
R

 
++

 h
yd

ra
te

d 
ni

co
tin

e 
ga

lla
te

: 
ta

n 
po

w
de

r 
(m

el
tin

g 
po

in
t: 

1
1

3
-1

1
4

 •
C

) 



Figure 1. Nicotine gentlsate. 

Nicotine gentisate exhibits a major IR band at 1575 cm- 1 

which is indicative of protonation at the nitrogen atom 
of the N-methylpyrrolidine ring (Table 1). The absence 
of a band at 1530 cm-1 leads to the conclusion that the 
pyridine nitrogen is unprotonated. The stronger basic 
site in nicotine is the N-methylpyrrolidine nitrogen as 
shown by its dissociation constants: nicotine, K1 = 
7 x to-7, K 2 = 1.4 x to- 11 ; pyridine, K = 2.4 x to-9 ; 

N-methylpyrrolidine, K = 1.5 X to-4 (3). The preferred 
site of bonding would be expected to be the N-methyl
pyrrolidine fragment of nicotine. -The formation of an 
ammonium-type salt is also indicated by the broad ab
sorptions between 2700 cm-1 and 2250 cm- 1• 

UV data (5) support bonding as shown in Figure 1 and 
also indicate that the structure of nicotine gentisate is of 
equimolar composition, i.e. one molecule of gentisic 
acid is bound to the nitrogen of the N-methylpyrrol
idine nucleus. Salts of nicotine, pyridine, and N
methylpyridine were studied spectroscopically. Com
parison of the observed absorptions for nicotine gen
tisate to those of the acid and base components showed 
the molecular ratio to be 1 : 1. 
Proton nuclear magnetic resonance (PMR) data (Table 6) 
supported the structure proposed in Figure 1. The N
methylpyrrolidine protons are deshielded, as would be 
expected in the light of the proposed positioning of the 
aromatic ring of gentisic acid. The chemical shifts of the 
gentisic acid moiety were virtually unchanged. 
The carbon nuclear magnetic (CMR) spectra of this salt 
are consistent with the assigned structure and compare 
favorably with the findings of Hutchinson and Pitner 
(9, 13) (Table 3). The N-methylpyrrolidine carbons 
were affected (shielded and deshielded) in the expected 
manner as were carbons g, h, and f of the pyridine 

Figure 2. Carbon nuclear magnetic resonance (CMR) 
designation for carbons of nicotine. 

d 

Figure 3. Nicotine salicylate (buttressing effect of the 
ortho-hydroxyl group-of salicylic acid). 

skeleton (Figure 2). The CMR spectra of the carbons of 
gentisic acid were normal and agreed as one would 
expect with the proposed structure (Figure 1). The 
CMR and PMR analyses for nicotine and its salts have 
been discussed in such detail that further discussion of 
this subject is not included (see discussion in References 
9, '10, 13, 14, and 16). 
In summary, spectral data along with the physical
chemical data in the literature (3, 5) show that nicotine 
gentisate exists as an equimolar combination of nicotine 
and gentisic acid with structure as in Figure 1. The trans 
configuration of L-nicotine remains intact as determined 
by PMR (16), but the optical rotation of all the salts 
mentioned herein is dextrorotary (5). The conformation 
of the salt appears tunnel-like with the two aromatic 
rings adjacent and the N-methylpyrrolidine in a con
formation nearly perpendicular to the pyridine ring. 
These features can be readily seen through the use of 
molecular models. The methyl group of theN-methyl
pyrrolidine moiety is trans to the pyridine ring (14). 
Attack of the acid must have been cis (bottom side) with 
respect to the pyridine ring on the basis of retention 
of conformation. This is consistent with the work of 
Seeman and Whidby (15). 
Aromatic acids of the salicylate type with at least one 
hydroxyl group ortho to the carboxyl group always 
form crystalline solids with nicotine (7). Hydrogen 
bonding may exert a buttressing effect to increase mol
ecular rigidity (Figure 3). The nitro function also exerts 
a buttressing effect. For example, 2,4- and 3,5-dinitro
benzoic acids form beautiful yellow crystalline solids 
(7). These salts are 2: 1 complexes. 

Amino Acid Salts: Several attempts have been made to 
prepare amino acid (1: 1) nicotine salts. Preparations of 
the glutamic and aspartic acid salts have been reported 
in the literature (21). Both are white crystalline solids. 
These salts were prepared and examined since the salts 
are so similar in structure. a-Amino-dicarboxylic acids 
form zwitterions and as such have only one free car-

. boxylic acid group for salt formation (20). The nicotine 
salts formed at the N-methylpyrrolidine site of nicotine 
are believed to be as depicted in Figure 4. 
The synthesis and physical properties of the amino acid 
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Figure 4. Amino acid salts of nicotine. 

n = 1: aspartate n = 2: glutamate 

salts have been discussed elsewhere (21). TheIR spectra 
of these salts show zwitterion formation, strong car
boxylate bands, and bands indicative of ammonium ion 
formation as would be expected (Table 1). Ultraviolet 
spectra of the salts indicate the presence of nicotine 
(Table 4), although several attempts to obtain PMR and 
CMR spectra failed to show the presence of nicotine. 
This is thought to be due to the fact that during analyses 
both salts precipitated out of all deuterated solvents 
tried. 
Ultraviolet spectra show an equimolar ratio of nicotine 
and the amino acids. The characteristic solid nature of 
these salts is most likely due to the fact that they are 
doubly ionized and somewhat structurally rigid. A high 
degree of hydrogen bonding is present in these salts. 
The structure of these salts is believed to be the same 
tunnel-like form as in the 1: 1 aromatic acid salts. 

2:1 Acid-Base Ratio- Nicotine Salts 

Aliphatic Monocarboxylic Salts: Only three monocar
boxylic acids are known to form 2: 1 (acid: base ratio) 
salts with nicotine (2, 6): 

Nicotine formate = Cu}H14N2 · 2 CH202 , 
Nicotine monochloracetate = C1oH1~2 · 2 C2HJ02Cl , 
Nicotine dichloracetate = C1oH 1~2 · 2 C2H202Cl2 . 

Spectral investigations were performed on nicotine for
mate. Nicotine, pyridine and pyrrolidine were used to 
prepare salts of varying ratios. Stoichiometric amounts 
of acids were treated with stoichiometric amounts of 
bases to prepare: 

Pyrrolidine formate = C,.H9N · CH20 2 , 
Pyrrolidine diformate = C,.H9N · 2 CH20 2 , 
Pyridine formate = CsH5N · CH20 2 , 
Nicotine formate = C 1oH14N2 · 2 CH202 

The reactions in each case were quantitative. Pyridine 
format~ was a slightly viscous, colorless oil. The pyrrol
idine formates as well as nicotine formate were light 
yellow oils. Comparison of the infrared spectra leads 

Figure 5. Nicotine formate. 

to the conclusion that nicotine formate has the structure 
illustrated in Figure 5. 
The bands for the ammonium and imminium ions are 
present in the IR spectrum of the nicotine formate 
(Table 1). These indicate salt formation at both base 
locations. Carboxylate bands are present as well as 
bands at 1725 cm-1 and 1200 cm-1 due to the pyridine 
carboxylate hydrogen bonding (1, 3, 8, 17, 18, 19) (Fig
ure 5). PMR data as well as CMR data were used to 
elucidate the structure of Figure 5 (Tables 3 and 6). 
PMR and CMR data were straightforward concerning 
the N-methylpyrrolidine ring and were consistent with 
the findings of Hutt;}'Jinson and Pitner (9, 13). 
Formic acid forms a 2 : 1 dextrorotary salt (5) with nic
otine in the S(-) configuration as illustrated in Figure 5. * 

Aliphatic Dicarboxylic Acid Salts: All aliphatic dicar
boxylic acids form 2: 1 salts with nicotine. Some of 
these salts are solids (Table 2). Nicotine quadraoxalate 
and nicotine bitartrate were chosen for evaluation of 
their structure because these two salts could be prepared 
in a pure crystalline state (11, 12). Historic information 
was also available on nicotine quadraoxalate from the 
work of Dezelic (3). 
The information Dezelic used to propose the structure 
of the nicotine salt of oxalic acid (2 : 1) was based on the 
formation of pyridine and N-methylpyrrolidine salts. 

Figure 6. Structure proposed by Dezellc for dlcarboxyllc 
acid salts of nicotine. 

CH3 

~~~ 
: O~f!-;,0 

_....H C 
o~ ,..o I 

C (HCOH)n 
I I 

(HCOH)n C 
I / ~ 

HO 0 

n = 0: oxalic acid n = 2: tartaric acid 

* The author has used the S(-) nomenclature for L-nicotine throughout this 
paper to be consistent with other major works published on nicotine salts (2-7). 
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Table 4. UV data on nicotine salts. Table 5. Field desorptlon - mass spectroscopy (FD-MS) 

Compound 

Nicotine aspartate 
Nicotine glutamate 

Absorption maximum (nm) 

256 (M), 265 (S), 255 (S) 
258 (M), 265 (S), 245 (S) 

data. 

m/e Assignment 

Nicotine bitartrate 

S = shoulder, M • maximum. 463 [nicotine bitartrate: M- H+t· 

Nicotine salts 

Nicotine (CDCI3) 

Nicotine 
acetate (CDCI3) 

Nicotine 
formate (CDCI3) 

Nicotine 
gentisate (CDCI3) 

Nicotine 
quadraoxalate (CDCI3) 

Nicotine 
bitartrate (020) 

• multlplet 4(H) 

50 

313 [nicotine acid tartrate: M- Wj+· 

301 [tartaric acid dimer: M-W]+· 

233 [ N-methyl-2-pyrroline monotartrate) + · 

163 [nicotine: M-W]+· 

157 [bipyridyl: M-W]+· 

151 [tartaric acid: M - W]+· 

83 [N-methyl-1-pyrroline)+· 

Tartaric acid 

301 

151 

[tartaric acid dimer: M- M-W]+· 

[tartaric acid: M - H+]+· 

Table 6. Proton nuclear magnetic resonance (PMR) data on chemical shifts 
of nicotine salts (temperature: 25 •c, solvent: specified). 

Sa' 

5b' 

6 

5 

Chemical shifts of protons 

2 5b' 

8.60 7.68 7.22 8.50 2.04 3.07 1.73 2.21· 1.80 1.95 2.31 3.25 

8.80 8.19 7.75 8.68 2.61 4.23 2.31* 3.15 3.79 

8.82 8.70 7.75 8.68 2.71 3.88 2.35* 3.28 4.37 

9.00 8.33 7.91 8.92 3.14 4.72 2.73* 3.72 4.27 

9.57 9.32 8.72 9.47 3.35 5.25 2.97* 3.95 4.38 

9.49 9.15 9.38 8.57 3.32 4.55 2.89* 3.87 4.35 



Figure 7. Proposed structure for lonlcally bonded form 
of nicotine salts of dlcarboxyllc acids. 

HO,c~o 

I 
(HCOH)n 

I 

{-~~-~0 . ~~ H, Nv No • El) H 

o,,E?-;..0 
c 

n = 0: oxalic acid 

I 
(HCOH)n 

I 
~c,_ 

HO' "0 

n = 2: tartaric acid 

Both pyridine oxalate and N-methylpyrrolidine oxalate 
form ion pairs. The presence of the pyridinium band at 
1530 cm-1 and the carboxylate bands at 1625 cm-1 and 
1404 cm- t, indicative of the formation of the am
monium salt of N-methylpyrrolidine, are sufficient 
evidence for protonation of the nitrogen of each com
pound. 
The structure of nicotine quadraoxalate is in question 
for two reasons. First, many of the peaks needed for 
precise IR identification in the range of 1500 cm- 1 to 
1600 cm- 1 are obscured for most nicotine salts. Second, 
the pKa values of oxalic acid (pKa1 = 1.23, pKa2 = 4.19) 
are well within the range of the acids Barrow (1) in
vestigated, which raises the possibility that oxalic acid 
can exist as an ion pair with pyridine and nicotine. 
Nicotine quadraoxalate prepared in our laboratory and 
submitted for IR investigation showed the presence of 
both ammonium and imminium ion formation, evident 
from the peaks at 1625, 1404, 1890 and 2090 cm-1 

(Table 1). Therefore, both oxalic acids are ionically 
bound to the two nitrogens of nicotine (Figure 7). 
The possibility of the dimerization of dicarboxylic acids 
was considered, and a second possible structure for the 
2 : 1 nicotine salt of oxalic acid or tartaric acid was 
proposed (Figure 8). Molecular models of the two 
proposed structures (Figures 7 and 8) were constructed, 
and it became evident that for dimerization to occur the 
pyridine ring of nicotine would have to rotate approxi
mately 180° for the two oxalic or tartaric acid moieties 
to dimerize. 
IR, PMR and CMR data are consistent for either struc
ture (Figures 7 and 8). Field desorption- mass spectro
scopy of nicotine bitartrate (Figure 9) pinpointed the 
most probable structure for the dicarboxylic acids of 
nicotine to be as shown in Figure 8. Figure 10 shows 
the proposed fragmentation pattern for nicotine bitar
trate (Table 5). The mass spectrum substantiated the 
presence of the parent compound, nicotine bitartrate. 
There were also significant ion currents corresponding 

Figure 8. Proposed structures for nicotine salts of dl-
carboxyllc acids. 

o.,e,-6 
'c" 

1 OHu•O / ,, 
n(HOCH)-q_ C-(CHOH)n 

' / 
Quo HO 

n = 0: oxalic acid n = 2: tartaric acid 

to nicotine acid tartrate, tartaric acid dimer, N-methyl-
2-pyrroline monotartrate, nicotine, bipyridyl, tartaric 
acid and N-methyl-1-pyrroline. The parent decomposes 
by retro salt formation on the pyridine ring. The nic
otine acid tartrate decomposes to nicotine and tartaric 
acid and also by a-cleavage of the pyridyl moiety to 
give rise to N-methyl-1-pyrroline. Recombination of 
two pyridyl radicals give rise to the bipyridyl species. 
The mass spectrum uf nicotine quadraoxalate is more 
complex, but FD-MS does show the presence of the 
parent compound and decomposition pathways similar 
to nicotine bitartrate. 

3: 1 Acid-Base Ratio - Nicotine Salts 

Aliphatic Monocarboxylic Acid Salts: In general, nic
otine forms 3 : 1 salts with aliphatic monocarboxylic acids 
starting with acetic acid (2, 6). These salts are yellow 
oils (Table 2). All compounds investigated in this work 
had similar IR spectra as well as similar chemical shifts 
in the proton and carbon magnetic resonance spectra 
associated with nicotine (Table 3). There are several 
ways of combining three moles of acid with the diter
tiary base nicotine. If we consider that the first acid 
binds to the N-methylpyrrolidine and if the second acid 
hydrogen binds to the first acid in a structure as pro
posed in Figure 11, the third acid must bind to the 
pyridine nitrogen. This acid is ionically bonded as indi
cated by the imminium bond formation (as illustrated in 
Figure 12) and apparent in the IR absorptions of such 
salts between 2100 cm-1 and 1900 cm-1 (19). 
Likewise, a possible structure exists where the first acid 
binds to the N-methylpyrrolidine and the second acid 
to the pyridine. The third acid would then hydrogen 
bind to the acid group ionically bound to the pyridine 
ring (3) (Figure 13). 
Spectral information (IR, PMR and CMR) collected for 
this series of salts indicates a common structure for 3 : 1 
nicotine salts (Tables 2, 3 and 6). One acid moiety binds 
to the N-methylpyrrolidine nitrogen, a second binds to 
the nitrogen of the pyridine ring, and the last acid 
dimerizes with the acid moiety bonded to the pyridine 
nng. 
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Figure 9. Field desorptlon spectrum of nicotine bitartrate. 
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Figure 10. Fragmentation pattern for nicotine bitartrate. 
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A series of experiments were conducted to confirm the 
proposed structure of the 3 : 1 nicotine salts. Com
pounds (A-E) (Figure 14) were prepared as 1:1 and 

Figure 11. Possible structure of an acid dlmer bonded 
to the N-methylpyrrolldlne moiety of nicotine. 

R = alkyl moiety 

Figure 12. Possible structure of a 3 : 1 monocarboxyllc 
acid salt of nicotine. 

R' = N-methylpyrrolidine acid dimer 

Figure 13. Proposed structure of the 3 : 1 monocarboxyllc 
acid salts of nicotine. 

R = alkyl moiety 
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