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Two new polymorphs of 4-(N,N-dimethylamino)benzoic acid,

C9H11NO2, resulting from the attempted cocrystallization in

ethanol of 4-(N,N-dimethylamino)benzoic acid and a mixture

of 3-(N,N-dimethylamino)benzoic acid and 3-(3-pyridyl)-2-

pyridone producing one polymorph, and a mixture of 3-(N,N-

dimethylamino)benzoic acid and 5-methoxy-3,30-bipyridine

producing the second polymorph, have been crystallographi-

cally characterized. The primary intermolecular OÐH� � �O
hydrogen bonds generate a dimeric acid±acid motif that is

present in all three polymorphs.

Comment

It has been demonstrated previously that 4-(N,N-dimethyl-

amino)benzoic acid, (1), is capable of forming binary (Sharma

et al., 1992, 1993) and ternary (AakeroÈ y et al., 2001) cocrystals

as a result of its propensity for engaging in heteromeric

complementary hydrogen-bond interactions with carboxylic

acids or carboxamides (AakeroÈ y et al., 2004), as well as with N-

heterocyclic compounds, coupled with a capacity to act as a

donor moiety in �±�* charge-transfer donor complexes. With

this information in mind, (1) has been used extensively in our

laboratory as a cocrystallizing agent, especially since it has also

been shown that heterodimers in acid±acid cocrystals (Hanton

et al., 1992; Etter, 1990) gain increased stability as a result of

the variation in hydrogen-bond donating/accepting ability of

the two different carboxylic acid moieties (Etter & Franken-

bach, 1989).

During the course of systematic cocrystallization experi-

ments involving a variety of carboxylic acids [including (1)]

and ditopic N-heterocyclic compounds, we obtained two new

polymorphs of 4-(N,N-dimethylamino)benzoic acid. Views of

the molecules in forms (II) and (III), with the atom-numbering

schemes, are presented in Fig. 1. Polymorph (I) was previously

obtained from water±alcohol mixtures (Vyas et al., 1978) and

acetone (Anulewicz et al., 1987).

In (II), near-linear OÐH� � �O hydrogen bonds between

adjacent crystallographically inequivalent carboxylic acid

moieties generate the dominating intermolecular interactions

and result in well known dimeric acid±acid motifs [O27Ð

H27� � �O18ii, with O� � �O = 2.602 (3) AÊ , and O17Ð

H17� � �O28i, with O� � �O = 2.609 (3) AÊ ; symmetry codes as in

Table 1]. Adjacent dimers are positioned with their methyl

substituents `back-to-back', resulting in linear one-dimen-

sional arrangements of dimeric units (Fig. 2).

Form (III) also contains two crystallographically inequi-

valent molecules; however, symmetry-related molecules form

dimers resulting in two distinct chains. The relevant inter-

molecular OÐH� � �O interactions for the two forms are O17Ð

H17� � �O18i [O� � �O = 2.603 (2) AÊ ] and O27ÐH27� � �O28ii

[O� � �O = 2.600 (2) AÊ ]. (The H atoms in each of these two

interactions are actually disordered between the two O-atom
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Figure 1
Displacement ellipsoid plots (50% probability level) and atom-
numbering schemes for (a) form (II) and (b) form (III) of 4-(N,N-
dimethylamino)benzoic acid.



sites, so that each O atom acts as a donor and an acceptor with

roughly equal populations.) Adjacent dimers organize them-

selves in the same way as the dimers in forms (I) and (II), with

relatively short contacts between methyl groups on adjacent

dimers within each chain (Fig. 3).

The amine substituent in all three forms is approximately

coplanar with the ring to which it is attached (all relevant

torsion angles are less than 5�). It has previously been

postulated that polymorphic compounds make good cocrys-

tallizing agents (AakeroÈ y et al., 2003). This statement is

supported by, for example, 3,5-dinitrobenzoic acid, a

compound that displays several polymorphic forms (Prince et

al., 1991; Kanters et al., 1991; Domenicano et al., 1990) and is

known to be an excellent cocrystallizing agent (Pedireddi et

al., 1998; Bott et al., 2000; Grabowski et al., 2001). In light of

the new polymorphs of (1), the behaviour of 4-(N,N-

dimethylamino)benzoic acid lends further support to the

notion that good cocrystallizing agents with appropriate

hydrogen-bonding substituents are quite likely to be found

amongst polymorphic compounds.

Experimental

Crystals of polymorphs (II) and (III) were obtained by slow

evaporation of 50% aqueous ethanol solutions of 4-(N,N-dimethyl-

amino)benzoic acid, 3-(N,N-dimethylamino)benzoic acid and 3-(3-

pyridyl)-2-pyridone (in a 1:1:1 stoichiometry), and of 4-(N,N-

dimethylamino)benzoic acid, 3-(N,N-dimethylamino)benzoic acid

and 5-methoxy-3,30-bipyridine (in a 1:1:1 stoichiometry), respectively.

Polymorph (II)

Crystal data

C9H11NO2

Mr = 165.19
Monoclinic, P21

a = 10.3202 (10) AÊ

b = 7.4068 (8) AÊ

c = 11.2845 (11) AÊ

� = 105.505 (5)�

V = 831.19 (15) AÊ 3

Z = 4

Dx = 1.320 Mg mÿ3

Mo K� radiation
Cell parameters from 1626

re¯ections
� = 2.8±27.7�

� = 0.09 mmÿ1

T = 173 (2) K
Plate, colorless
0.35 � 0.30 � 0.10 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
5542 measured re¯ections
1982 independent re¯ections
1280 re¯ections with I > 2�(I )

Rint = 0.054
�max = 28.0�

h = ÿ13! 12
k = ÿ9! 9
l = ÿ14! 14

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.132
S = 0.96
1982 re¯ections
223 parameters

H atoms treated by a mixture of
independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.080P)2]

where P = (F 2
o + 2F 2

c )/3
(�/�)max < 0.001
��max = 0.20 e AÊ ÿ3

��min = ÿ0.23 e AÊ ÿ3

Polymorph (III)

Crystal data

C9H11NO2

Mr = 165.19
Triclinic, P1
a = 9.6507 (11) AÊ

b = 9.8918 (11) AÊ

c = 10.0082 (10) AÊ

� = 76.118 (6)�

� = 67.655 (7)�


 = 69.334 (9)�

V = 820.61 (15) AÊ 3

Z = 4
Dx = 1.337 Mg mÿ3

Mo K� radiation
Cell parameters from 1288

re¯ections
� = 2.2±26.8�

� = 0.10 mmÿ1

T = 173 (2) K
Plate, colorless
0.30 � 0.20 � 0.10 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
5655 measured re¯ections
3506 independent re¯ections
1717 re¯ections with I > 2�(I )

Rint = 0.059
�max = 27.5�

h = ÿ11! 12
k = ÿ12! 12
l = ÿ12! 12

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.052
wR(F 2) = 0.142
S = 0.85
3506 re¯ections
235 parameters

H atoms treated by a mixture of
independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.07P)2]

where P = (F 2
o + 2F 2

c )/3
(�/�)max < 0.001
��max = 0.21 e AÊ ÿ3

��min = ÿ0.28 e AÊ ÿ3
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Figure 2
A view of adjacent carboxylic dimers in polymorph (II).

Figure 3
A view of the two chains of crystallographically inequivalent dimers in
polymorph (III).

Table 1
Hydrogen-bond geometry (AÊ , �) for polymorph (II).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O17ÐH17� � �O28i 0.87 (4) 1.74 (4) 2.609 (3) 174 (4)
O27ÐH27� � �O18ii 0.83 (4) 1.78 (4) 2.602 (3) 175 (4)

Symmetry codes: (i) xÿ 1; y; zÿ 1; (ii) x� 1; y; z� 1.



H atoms were assigned to idealized positions and were allowed to

ride, except for the carboxylic acid H atom, whose coordinates were

allowed to re®ne. Neither data set was corrected for absorption [the

linear absorption coef®cients were 0.09 and 0.10 mmÿ1 for poly-

morphs (II) and (III), respectively]. For (III), initial structural models

included a single protonation site for the two unique carboxylic acids.

Difference electron-density maps, as well as the nearly identical CÐ

O bond distances, indicated disorder of the acid H atom across the

two O atoms of each acid. To accommodate this disorder, H atoms

were placed on the difference peaks and the total occupancy for the

two H atoms of each unique acid was constrained to 1. Distance

restraints and damping were applied for the initial stages of re®ne-

ment; these were both relaxed and eventually removed. For both

molecules, re®nement led to a nearly equal ratio of H-atom popu-

lations.

For both compounds, data collection: SMART (Bruker, 1999); cell

re®nement: SMART; data reduction: SAINT (Bruker, 1999);

program(s) used to solve structure: SHELXS97 (Sheldrick, 1990);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: SHELXTL (Bruker, 1997); software used to

prepare material for publication: SHELXTL.

The authors are grateful for generous ®nancial support

from the National Science Foundation (grant No. CHE-

0078996).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FA1157). Services for accessing these data are
described at the back of the journal.
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Table 2
Hydrogen-bond geometry (AÊ , �) for polymorph (III).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O17ÐH17� � �O18iii 0.93 (6) 1.70 (7) 2.607 (2) 164 (4)
O18ÐH18� � �O17iii 0.83 (9) 1.80 (9) 2.607 (2) 166 (7)
O27ÐH27� � �O28iv 0.89 (7) 1.71 (7) 2.603 (2) 173 (5)
O28ÐH28� � �O27iv 0.84 (9) 1.77 (9) 2.603 (2) 175 (6)

Symmetry codes: (iii) ÿx� 1;ÿy;ÿz� 2; (iv) ÿx� 2;ÿy;ÿz � 2.


