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Two Channel-like Pseudo-Polymorphys 
Compose of 2,2’-Dithiosalicylic Acid 

and Trialkylammonium

Abstract
Herein we reported two pseudo-polymorphs of 2,2’-dithiosalicylic acid 
(C14H10O4S2, DTSA) and trialkylamine with the existence of guanidinium[2C14H9O4S2

-

·C+(NH2)3·[HN+(CH3)3] (1)[2C14H9O4S2
-·C+(NH2)3·[HN+(C2H5)3] (2). In these two crystal 

structures that have the same space groups of P¯1, cell parameters, cell volumes 
and the contents of two asymmetric units are very similar. The only difference 
is the length of the carbon chains in two trialkyl ammonium cations. And the 
final stacking patterns of two structures are almost identical, in which two DTSA- 
anions and one guanidinium form 3D channel-like composite host lattices with 
the help of varied hydrogen bonds and the only trialkyl ammonium is contained 
among the host lattices to yield the stable crystal structures with the existence of 
N-H…O interaction. Obviously, in the title compounds, these 3D channel-like host 
lattices composed of DTSA- anions and guanidinium can adjust their cavities to 
accommodate different guest molecules to generate the corresponding pseudo-
polymorphs.
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Introduction
Polymorph is an interesting crystallographic phenomenon. 
According to the definition of polymorphs, during the 
crystallization, some ions, atoms, or molecules in the crystalline 
structures are partly or all substituted with other similar particles, 
but the types of crystal structures and chemical bonds remain 
unchanged [1]. Only cell parameters and physical properties 
of crystals will be linear-related to the change of the particles’ 
displacement quantity. In modern crystallography, polymorphs 
are mainly judged by the microscopic symmetries and spatial 
arrangements of different molecules that are characterized by 
X-ray diffraction. Normally speaking, polymorphs should belong 
to the same space group and the related contents of different 
asymmetry units should be positioned on the same equivalent 
points. Due to the special properties, polymorphs are widely 
studied in the pharmaceutical field [2] and other research fields 
[3]. As a typical host molecule we appreciated, 2,2'-dithiosalicylic 
acid (C14H10O4S2, DTSA, Scheme 1) that is an aromatic multi-
carboxylic multi-cyclic molecule with ‘L’ configuration, which is 

often used as the ligand of MOFs [4-10] and its metal derivatives 
are useful in medical study [10]. The crystal structure of DTSA 
has been reported before [11]. The results display that DTSA 
is able to form different hydrogen bonds by using its carboxyl 
groups and the central bridging S atoms make the two terminal 
benzene rings rotate freely to some degree to generate various 
hydrogen-bonded linking modes. Meanwhile, the rigid benzene 
rings also can adjust their directions to obtain different stacking 

Scheme 1
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patterns and packing modes. Searching in CSD database [12], 
DTSA can interact with many compounds to form various co 
crystals, in which DTSA molecules show ‘L’ configuration along 
the bridging S-S axis and the interplanar angles of two benzene 
rings are nearly 90°. Additionally, there exist S←O hypervalent 
bonds between the bridging S atoms and the neighbouring 
carboxyl O atoms in DTSA to stabilize the ‘L’ type configuration 
of DTSA [13]. Obviously, as a rigid aromatic multi-cyclic molecule 
with some flexibility, DTSA can utilize its functional groups to 
obtain strong hydrogen bonds to act as a potential host molecule 
with the existence of appropriate guest molecules to get some 
new inclusion compounds we expected. On the basis of this 
point, we synthesized two inclusion compound of DTSA and 
trialkyl amine with the existence of guanidinium, [2C14H9O4S2

-

·C+(NH2)3·[HN+(CH3)3](1)and [2C14H9O4S2
-·C+(NH2)3·[HN+(C2H5)3] (2). 

Analysing the crystal structure, compound 1 and 2 belonging to 
the same space group have very similar crystal parameters and 
contents of asymmetric units. The host molecule and the auxiliary 
molecule both form similar 3D host lattices with rectangle 
cavities with the similar linkage modes of hydrogen bonds and 
the guest molecules are both contained in the cavities with the 
existence of N-H…O interaction. In fact, the title compounds are 
not polymorphs because there are differences in their molecular 
configurations, hydrogen-bonded linking modes and so on, 
but they can be regarded as pseudo-polymorphs that can be 
compared.

Experimental 
Synthesis of inclusion compounds
DTSA (98%, A. R.), trimethylaime (99%) and triethylamine 
(98%) were commercially available from Alfa Aesar. Guanidine 
hydrochloride was from Tianjin Guangfu Fine Chemical Reagent 
Institute. DTSA, guanidine hydrochloride and the corresponding 
amines were dissolved with a 1: 2: 2 molar ratio. The mixture was 
stirred for about half an hour and set aside to crystallize, finally 
yielding yellow block crystals of compound 1 and 2 suitable for 
single crystal X-ray diffraction after about 15 days.

X-ray data collection and structure 
determination 
Crystals of the title compounds were mounted on glass fibers 
for intensity data collection at room temperature with a Bruker 
SMART Apex II equipped with a CCD area detector [14]. The 
structures were solved with the direct methods and refined by 
full matrix least square methods based on F2, using the structure 
determination and graphics package SHELXTL [15]. All non-
hydrogen atoms were refined with anisotropic displacement 
parameters, and all H atoms bonded to C atoms were refined 
at calculated positions, periodic ring on the parent atom. The H 
atoms bonded to O atoms were located in the difference map and 
refined. The H atoms bonded to N atoms were firstly searched in 
the difference map and then refined with the riding model. The 
crystal and refinement data are given in Table 1. Selected bond 
lengths and bond angles are listed in Tables 2 and 3.

Compound Compound 1 Compound 2

Formula 2C14H9O4S2
-

·C+(NH2)3·[HN+(CH3)3

2C14H9O4S2
-

·C+(NH2)3·[HN+(C2H5)3

CCDC No.
Crystal color yellow yellow
Crystal shape block block
Crystal system Triclinic Triclinic
Space group P¯1 P¯1

Crystal size/mm 0.30 × 0.30 × 0.20 0.36 × 0.23 × 0.20
a/Å 10.6646(4) 10.92620(10)
b/Å 11.5009(4) 11.69220(10)
c/Å 15.7338(6) 16.0954(2)
α/° 74.026(2) 72.0940(10)
β/° 77.683(2) 78.0580(10)
γ/° 86.228(2) 82.1410(10)

V/Å3 1812.52(12) 1908.35(3)
Z 2 2

Dc/(mg·cm-3) 1.339 1.345
µ/mm-1 0.315 0.303

θ range for data 
collection 1.84 - 27.68 2.44 -27.66

Reflection number 34585 11609
Independent 

reflections 8425 8693

R1, wR2 [I>2σ(I)] 0.0372,  0.1003 0.0529, 0.1535
R1, wR2 (all data) 0.0490,  0.1099 0.0698, 0.1711

S 1.035 1.005

Table 1 Crystallographic data.

Results and Discussion
Crystal structure description
Crystal structure of 1: 2C14H9O4S2

-·C+(NH2)3·[HN+(CH3)3]: The 
asymmetric unit of compound 1 contains two DTSA- anion, one 
guanidine cation and one trimethylammonium (Figure 1a). 
Obviously, the N atoms derived from C=N group of guanidine 
and trimethylammonium accept two protons from DTSA to yield 
the corresponding cations to counteract the negative charges 
of DTSA- anion. Observing the structure of the host anion of S1 
[the molecule containing S1 atom was designated as S1 and the 
same representation was adopted below], two benzene rings 
are coplanar with the mean deviation distances from the least-
square planes being 0.0029 Å and 0.0079 Å and the interplanar 
angle if two rings is 79.4°. And two dihedral angles between 
the carboxyl groups and the related rings are just 4.7° and 9.3° 
separately, which show the carboxyl groups distort little with the 
related benzene rings. Notably, the H atoms of the two carboxyl 
groups in S1 are both located in the special positions. That is to 
say, the DTSA- anion of S1 shares two protons with another abut 
symmetry-related anion, which can also be interpreted that S1 
anion is a statistic mixture of DTSA molecule and DTSA2- in the 
crystal structure. And the related C-O bond lengths are varying 
from 1.207 Å to 1.226 Å and the C=O distances from 1.265 Å 
to 1.276 Å. At the same time, another anion of S3 displays very 
similar configuration with S1, in which the mean deviation values 
of benzene rings are 0.0056 Å and 0.0059 Å and the dihedral 
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angle of two rings is 82.5°. Interestingly, the torsion angles 
between the carboxyl groups and the adjacent rings are 4.7° and 
30.7°, in which the smaller angle belongs to COO- group with the 
average C-O distance of 1.239~1.254 Å and the greater one is 
COOH with the corresponding C-O values of 1.206 Å and 1.308 Å. 
Clearly, the COOH group retorts more than the COO- group in S3 
anion. Additionally, exploring the S←O hypervalent bond lengths 
(S1←O2: 2.639 Å, S2←O4: 2.675 Å, S3←O5: 2.668 Å, S4←O8: 2.726 
Å), it can be found that the weakest hypervalent interaction exists 
between the C=O motif of COOH group and the neighbouring S 
atom, which may be attributed to the conjugate structure after 
the elimination of the proton from the related COOH group. 
As shown in the packing diagram of compound 1 (Figure 2a), 
two host anions of DTSA and guanidine cations together form 
the rectangular channel structure along the direction, in which 
the anions can be regarded as the ‘top’ and the ‘bottom’ of 
the channel and the cation as the side faces. Then the two 
neighbouring channels arranged along the c axis utilize the sharing 
protons of S1 anions to construct the 3D host lattice and the 
trimethylammonium is orderly accommodated in the channels 
to form the stable crystal structure of the inclusion compound. 
Noticeably, due to the N-H group of the trimethylammonium, 
there exists strong N-H…O hydrogen bonding between the 
DTSA- anion and the guest cation, which further strengthens the 
host-guest interaction to get the steadfast crystal structure. To 
deeply study the weak interaction of the crystal structure, the 
hydrogen-bonded linkage mode of the 3D channels is partly 
shown in Figure 1b. The guanidine cation of N1 forms two pairs 
of chelated N- H…O hydrogen bonds (N2-H…O4, N3-H…O4; N2-H…
O5, N1-H…O5) to connect with the anions of S1 and S3, and there 
also exists one donor hydrogen bond of N-H…S between N2 atom 
and S2 atom of S1 anion. Meanwhile, the N1 cation also links S3B 
and S3C with different N-H…O contacts. Based on this, another 
symmetric center-related N1A cation adopts the same linking 
pattern to yield the consecutively similar hydrogen-bonded 
rings as displayed in the Figure 1b. Additionally, the anions of 
S1 and S1A interact with each other with the sharing proton of 
O3…H…O3A to further consolidate these continuing hydrogen-
bonded rings. Then these continuous hydrogen-bonded rings 
link with each other by a R4

4(12) ring formed between N1 and 
N1C. Explicitly, guanidine cation builds the sides of the channel 
with various hydrogen bonds, while DTSA- anion bonded to 
guanidine extends widely to construct one half of the roof and 
bottom of the channel. Equivalently, the host anions of S1 and 
S3 can connect with other anions to ultimately form the overall 
channel with the existence of O…H…O interactions (Figure 2b). 
Therefore, the cooperation of guanidine cation and DTSA- anion 
finally finishes the architecture of the rectangular channel host 
lattice shown in the packing diagram. As shown above, guanidine 
cation serving as the hydrogen bond donor can form several 
strong hydrogen bonds, and as the side face of the main channel, 
has a certain rigid plane that can help the host molecules of 
flexibility to construct channel. In this structure, apart from 
N-H…O donor hydrogen bond between guanidine cation and 

Compound 1
O(1)-C(7) 1.207(2) S(1)-S(2) 2.0452(5) 
O(2)-C(7) 1.2645(19) S(2)-C(8) 1.7881(15) 

O(3)-C(14) 1.2764(18) S(3)-C(15) 1.7888(17) 
O(4)-C(14) 1.2259(19) S(3)-S(4) 2.0449(7) 
O(5)-C(21) 1.239(2) S(4)-C(22) 1.7938(17) 
O(6)-C(21) 1.254(2) N(1)-C(29) 1.316(2) 
O(7)-C(28) 1.308(2) N(2)-C(29) 1.312(2) 
O(8)-C(28) 1.206(2) N(3)-C(29) 1.314(2) 
S(1)-C(1) 1.7870(16) 

C(1)-S(1)-S(2) 104.18(5) O(5)-C(21)-O(6) 123.88(16)
C(8)-S(2)-S(1) 105.26(5) O(8)-C(28)-O(7) 124.62(15)

C(15)-S(3)-S(4) 105.05(6) N(2)-C(29)-N(3) 120.46(18)
C(22)-S(4)-S(3) 105.09(6) N(2)-C(29)-N(1) 118.95(19)
O(1)-C(7)-O(2) 124.49(16) N(3)-C(29)-N(1) 120.59(19)

O(4)-C(14)-O(3) 122.29(15)
Compound 2

C(1)-S(1) 1.79(2) S(3)-C(15) 1.79(2)
N(1)-C(29) 1.32(4) S(3)-S(4) 2.052(9)

1)-C(7) 1.21(3) O(4)-C(14) 1.28(2)
S(1)-S(2) 2.045(8) S(4)-C(21) 1.79(2)

N(2)-C(29) 1.32(4) O(5)-C(27) 1.24(3)
O(2)-C(7) 1.27(3) O(6)-C(27) 1.25(3)
S(2)-C(8) 1.79(2) O(7)-C(28) 1.30(3)

N(3)-C(29) 1.31(4) O(8)-C(28) 1.21(3)
O(3)-C(14) 1.22(3)

C(1)-S(1)-S(2) 104.4(7) O(5)-C(27)-O(6) 125(2)
C(8)-S(2)-S(1) 104.7(7) O(8)-C(28)-O(7) 124(2)

C(15)-S(3)-S(4) 104.4(8) N(3)-C(29)-N(2) 120(3)
C(21)-S(4)-S(3) 104.9(8) N(3)-C(29)-N(1) 120(3)
O(1)-C(7)-O(2) 125(2) N(2)-C(29)-N(1) 119(4)

O(3)-C(14)-O(4) 122(2)

Table 2 Selected bond lengths (Å) and bong angles (°).

Hydrogen bonds O…O distance 
(Å) Hydrogen bonds O…O distance 

(Å)
Compound 1

N1-H…O5 3.053 N3-H…O3A 3.130
N1-H…O6C 2.879 N3-H…O8B 2.889
N2-H…O4 2.840 N4-H…O6H 2.612
N2-H…S2 3.514 O2…H…O2I 2.443
N2-H…O5 2.878 O3…H…O3A 2.458
N3-H…O4 3.082 O7-H…O1J 2.612

H: x, y+1, z; I: 2-x, -1-y, -1+z; J: x-1, y+1, z
Compound 2

N1-H…O6C 2.808 N3-H…O5 2.788
N1-H…O8B 3.126 N4-H…O6 2.640
N2-H…O3 3.071 O2…H…O2E 2.449

N2-H…O4A 3.106 O4…H…O4A 2.448
N2-H…O8B 2.994 O7-H…O1F 2.592
N3-H…O3 2.800

E: 2-x, -y, 1-z; F: 1-x, 1+y, z

Table 3 Hydrogen-bonding geometry.
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DTSA- anion, there also exists a N-H…S hydrogen bond between 
guanidine and the bridging S atom of DTSA- anion. By calculation, 
it is also found that the guest trimethylammonium cation can not 
only form N-H…O hydrogen bond with the host lattice, but also 
weak C-H…O bonds and C-H…π interactions, which are beneficial 
to stabilize the crystal structure. In addition, computing with 
PLATON program, the results elucidate that the potential volume 
of the cavities is 378.8 Å3 after eliminating the guest cation of 
trimethylammonium, which occupies 20.9% of the total cell 
volume.

Crystal structure of 2: 2C14H9O4S2
-·C+(NH2)3·[HN+(C2H5)3]: 

Compound 2 is similar to 1 in the content of the asymmetric unit, 
and the only difference is the guest cation. Similarly, the angle 
between two benzene rings in S1 anion is 82.9°, and two dihedral 

angles between the carboxyl groups and the joint rings are 7.0° 
and 12.7°, in which one proton is the sharing one and another 
proton is positional disordered. In S3 anion, the interplanar 
angle of two rings is 89.0°, and the COO- group distorts 11.0° 
with the related benzene and the corresponding C-O distances 
(1.238~1.253 Å) tend to be average after losing the proton, 
while the COOH group has a greater torsion angle of 23.8° with 
the related bond lengths being 1.207 Å and 1.298 Å. Moreover, 
S←O hypervalent bonding interactions in this structure are listed 
below: S1←O1 (2.630 Å), S2←O3 (2.680 Å), S3←O5 (2.644 Å), S1←O1 
(2.742 Å). Undoubtedly, the carbonyl O of the carboxyl group 
containing the proton bears the longest S2←O (2.742 Å), which is 
the same condition as in compound 1. As shown in Figure 2c, it is 
undoubted that DTSA- anion and guanidine cation in compound 

(a) the asymmetric units of compound 1 (b) the asymmetric units of compound 2 (the thermal ellipsoids for non-hydrogen atoms 
are drawn at 30% probability level; for clarity, all H atoms of the benzene rings and the guest cations are omitted).

Figure 1

 
a

 

 

b 
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(a) the packing diagram of compound 1 (for clarity, all H bonded to C are omitted and trimethylammonium is represented with big 
shaded circle) (b) the linkage mode of the hydrogen-bonded rings of compound 1 (for clarity, all H bonded to C  are omitted and 
the sharing proton is shown with the dashed line) [A: 2 – x, 1 – y, – z; B: 1 – x, 1 – y, – z; C: 1 – x, – y, – z; D: 1 + x, y, z; E: 1 + x, 1 + 
y, z; F: 2 – x, -1 – y, 1 – z; G: 2 – x, – y, – z] (c) the packing diagram of compound 2（for clarity, all H bonded to C are omitted and 
triethylammonium is represented with big shaded circle) (d) the linkage mode of the hydrogen-bonded rings of compound 1 (for 
clarity, all H bonded to  C  are omitted and the sharing proton is shown with the dashed line) [A: -x, -y, -z; B: 1 – x, -y, -z; C: 1 – x, 
1 – y, -z; D: 1 + x, 1 + y, z].

Figure 2

(a)

(b)

(c)

(d)
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2 form the same channel-like structure as compound 1 and 
the guest cation of triethylammonium is also contained in the 
channels with the existence of strong N-H…O interaction to yield 
the final stable crystal structure. At the same time, it’s also can 
be seen that the hydrogen bonding linking modes of compounds 
2 and 1 are very analogous, but there still are differences such 
as the absence of N-H…S hydrogen bond, the orientation of 
the chelated hydrogen bonds of the guanidine cation and the 
bigger R4

4(16) hydrogen-bonded ring in compound 2 (Figure 2d). 
Observing the hydrogen-bonded pattern of compound 2, N3 and 
N2 atoms of N1 cation produce a pair of chelated hydrogen bonds 
with O3 atom of S1 to participate the formation of the consecutive 
hydrogen-bonded rings of N1 and N1A, which has the a like linkage 
pattern with compound 1. Then N1 and N2 atoms of N1 yield 
another pair of chelated hydrogen bonds to interact with O8B of 
S3B to link with the host anion. In succession, N3 and N1 directly 
take part in the construction of the magnitude ring of R4

4(16) in 
compound 2, which is distinct with the pattern in compound 1. 
Similarly, there also exist N-H…O donor hydrogen bond, weak 
C-H…O hydrogen bond and C-H…π interaction between the guest 
cation and the host lattice, which undoubtedly contribute to the 
stability of the final crystal structure. Also, after subtracting the 
guest cation, the potential cavity volume is 473.1 Å3, which takes 
up 24.8% of the whole cell volume. It is obvious that the host 
crystalline lattice can yield larger cavities with the introduction 
of the larger guest molecule, which illustrates that the same 
composite host lattice may self-regulate to produce different 
cavities with varied sizes to accommodate the corresponding 
guest molecules when introducing various guest templates. 
Compared the two structures of the title compounds, they 
both belong to triclinic system with the space group of P¯ 
1, and their cell parameters are very similar (compound 1: 
a=10.6646(4) Å, b=11.5009(4) Å, c=15.7338(6) Å, α=74.026(2)°, 
β=77.683(2)°, γ=86.228(2)°, V=1812.52(12) Å3, Z=2; compound 
2: a=10.92620(10) Å, b=11.69220(10) Å, c=16.0954(2) Å, 
α=72.0940(10)°, β=78.0580(10)°, γ=82.1410(10)°, V=1908.35(3) 
Å3, Z=2). Without considering the differences of the guest 
cations, the molecules in their related cells are located on the 
almost identical positions (Figure 1). Although the configurations 
of the host anions are not identical, they both produce very 
similar hydrogen-bonded patterns during constructing their host 
lattices, and finally both form the rectangular channels to contain 
trialkyl ammoniums with different volumes. It is noteworthy 
that the host anions and guanidine cations together form the 
channels with negative charges, and it can only contain cations. 
In addition, the channel can contain two trimethylamine cations, 
meaning that the channel is large enough and is likely to be able 
to contain larger cations, such as triethylamine, tetramethyl 

amine. Clearly, these two structures are not polymorphs strictly 
according to the definition, but to some degree, they have some 
characteristics of the polymorphs and we call them pseudo-
polymorphs for the convenience of comparability. In these two 
pseudo-polymorphs, DTSA tends to form its related anions under 
the condition of trialkylamines. The dihedral angles between two 
benzene rings vary from 79.4° to 89.0° and the torsion angles 
between the carboxyl groups and the corresponding rings are 
from 4.7° to 30.7°, which are accordant with the related values 
reported in the literatures [16-24]. Moreover, S←O hypervalent 
bond, as an effective three-centre four-electron bond to stabilize 
DTSA configuration, varies in the range of 2.630 Å~2.762 Å, which 
is a little more than that of the literature (2.561 Å~2.732 Å) [22]. 
It is noteworthy that there usually exists strong S←O hypervalent 
bond between the carbonyl O of the deprotonated carboxyl 
group and the adjacent S atom. Obviously, there are abundant 
hydrogen bonds in the title compounds, which are mainly N-H…O 
hydrogen bonding and O-H…O interactions. In compound 1, the 
related N…O distances are varying from 2.612 Å to 3.130 Å, 
and O…O values are between 2.443 Å and 2.612 Å, while the 
corresponding range of N…O distances is 2.640 Å ~ 3.126 Å and 
O…O is 2.448 Å ~ 2.592 Å in compound 2. In so many N-H…O 
hydrogen bonds, the strongest one is formed between the guest 
cation and the host anion. As to O-H…O interactions, they are 
stronger than the normal O-H…O hydrogen bonds (O…O distance 
is 2.6 Å ~ 2.9 Å) in the literature [25]. As mentioned before, 
in several co crystals of DTSA [11], O-H…N interaction is very 
common due to the participation of the compounds containing N 
atoms, and there also exist O-H…O bonding and others in these 
co crystals, which are not the main driving force in these organic 
crystals.

Conclusion 
To sum up, DTSA, as a L-configuration host molecule with 
terminal carboxyl groups, can cooperate with suitable auxiliary 
molecules, such as guanidine cation, to produce hydrogen-
bonded composite host lattice with 3D cavities. More over the 
same composite host lattices may form similar cavities with 
different magnitudes to accommodate the corresponding guest 
molecules when inducing various guest templates. These results 
can help us further understand the packing modes of DTSA in 
the crystal structures and provide the experimental basis for the 
predesign of the systematic research of the related crystals. The 
research of other inclusion compounds of DTSA is under way.
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