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Abstract

Aqueous reaction of ammonium thiosulfate with ethylenediamine r@sylts in the
formation of the title compound (eaff5,03] (1) (enH: = ethylenediammonium) in good
yields. Compound. was characterized by analytical data, IR, Raman and NM&rape
X-ray powder pattern and its crystal structure was determifteel.structure oflL which
crystallizes in the non-centrosymmetric orthorhombic space d2182;, consists of two
crystallographically independent (es)H dications and two unique thiosulfate anions,
which are interlinked by three varieties of H-bonding intéoast namely N-H---O, N-
H---S, and C-H---OH and**C NMR spectra reveal the purity dfwhile its transparent
nature can be evidenced from the UV-Vis-NIR spectral data. Inpcond 1 which
exhibits SHG property, the infrared and Raman spectra confirnprisgence of the

organic dication and the thiosulfate anion.
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1. Introduction

Non-centrosymmetric solids are of current interest to reseadecause they can exhibit
several desirable physical properties including nonlinear omtality (NLO) [1]. It is
well-known that solids crystallize in one of 230 possible space grafipahich 65
(Sohncke space groups) do not possess mirror or inversion symmetryeathadisanon-
centrosymmetrid2, 3]. Although more than 70% of all known crystal structures in the
Cambridge Structural Database (CSD) reside in the fourasgmbimetric space groups
P2,/c, P-1, C2/c andPbca in accordance with Kitaigorodskii’s principle of close packing
[4], it is interesting to note that two of the five most popular sggoups in the CSD are
the Sohncke space group2:2:2; (7.6%) andP2; (5.3%) which account for an eighth
(~12.9%) of all known crystal structurgs.

Chiral molecules when crystallized from an enantiomerigallge solution must have a
structure belonging to a Sohncke space gféup], which can explain the use of naturally
occurring L-amino acids or D-sugars or chiral compounds asnesafge the synthesis of
new materials for NLO applicatiori&]. Unlike chiral molecules, achiral molecules can
crystallize in both centrosymmetric and Sohncke space gif@u@s. Although it is not
possible to accurately predict if a given achiral compound wyltallize in a Sohncke
space group, based on a study of the CSD it has been reported thatlandlexibility
plays a role in space group choice for achiral moleduledVhile centrosymmetric space
groups are the most likely preferred hosts for achiral compoundsrakeachiral
molecules, for example sodium chlorate Nag£[®, 9], (enH)[SO,] (enH; = ethylene-
diammonium)[10] crystallizing in Sohncke space groups are well documented. Ibis to
noted that the chiral crystallization of sodium chlorate has beenrkfavover 100 years
[11], while the achiral compound (epf50,] which crystallizes in the chiral space group

P4, has been of considerable interest in recent yéarg4|.



A survey of the literature reveals that the (AHunit is flexible and can exist in a variety
of structural environments with different counter ani¢h8, 15-50] In the family of
achiral compounds containing (e as the charge balancing catiofialle J,
compounds crystallize in both centrosymmetric and Sohncke space gtosjpstelresting

to note that compounds of the type (e)iAB 4] where AB, is a tetrahedral dianion such as
[SO4)%, [BeRs]%, [CrO4? etc. (Entry Nos. 1-6 in Table 1) have a tendency to crystatiiz

a Sohncke space group. In the present work, we have charge balancednthe ace
thiosulfate anion with the (en)* cation and the resulting product ethylenediammonium
thiosulfate 1 crystallizes in the Sohncke space grd®$2:2;. The synthesis, structural
characterization, spectral and thermal propertiésiefdescribed in this paper.

Tablel

Geometry of achiral anions in compounds charge balanced by ethylansmfigum
cations

No Compound Geometry of anion Space Reference
group
1 (enH)[SO4] Tetrahedron P4, 10, 15
2 (enH)[BeF4] Tetrahedron P4,2,2 16
3 (enR)[CrO4] Tetrahedron P2:2:29 19
4 (enh)[MoS4] Tetrahedron P2:2:2, 17
5 (enH)[WS] Tetrahedron P2,2:2; 18
6 (enH)[ZnCl4] Tetrahedron P2:2:2, 20
7  (enH)[S:04] Tetrahedron P2,2,2;, This
work
8 (enh)[MoOQ,] Tetrahedron Pr 21
9 (enH)[CuCly Tetrahedron P2./b 22
10 (enH)[MnCl,] Tetrahedron P2:1/b 22
11 (enH)[CuBry4] Tetrahedron P2i/a 23
12  (enh)[WOS;] Tetrahedron P21/n 24
13 (enH)[FPQy] Tetrahedron Pbca 36
14  (enH)[Au(SOs).(en)k Square planar Pr 33
15  (enH)[Cu(CyoH20g)]-2.5H,0 Square planar P2:/c 37
16 (enH)[picratep2H,O Planar ring Pnma 29
17 (enh)[phthalate] Planar ring Pbca 35
18 (enh);[P402]'H.0 Planar ring Pcca 34
19 (enH)[Cr0v] Corner shared C2/c 19
bitetrahedron
20 (enH),[Cr07][C204] Corner shared C2/c 38

bitetrahedron



21 (enR)[Mn(SOy)2(H20)4] Octahedron Pr 30
22  (enH)[CA(SQ)2(H20)4] Octahedron Pr 39
23  (enR)[Mg(S0Oy)2(H20)4] Octahedron Pr 40
24 (enh)[Fe(SQ)2(H20)4] Octahedron Pr 41
25 (enh)[Co(SQy)2(H20)4] Octahedron Pr 42
26 (enH)[Cu(CrH3NO4)2(H20)4] Octahedron Pr 43
'2H20
27 (enH)[TeClg] Octahedron = 32
28 (enh)[SnCk] Octahedron Pr 32
29 (enH)[HgCly] Corner sharing Pccn 47
octahedron
30 (enH)[CdCl4] Corner sharing P2i/c 50
octahedron
31 (enH)s[Cex(SOy)q) Tricapped trigonal Pr 44
prism
32 (enH)[Np2zFy Tricapped trigonal ~ C2/c 48
prism
33 (enH)[ICI]CI Linear C2/c 45
34 (enhR)[HPOy)2 Tetrahedron P2;/a 25
35 (enH)[HgBr4] ‘HO Tetrahedron P2:/m 46
36 (enh),[ZnCl4Cl, Tetrahedron Pnma 26
37 (enH),[CoCl,Cl, Tetrahedron Pnma 27
38 (enh),[HgCl4CI; Square pyramid Pnma 28
39 (enH)[VTeOs], An infinite layer = 49
40 (enh)3[PsO1g][Te(OH)e)2"2H0 Planar ring; Pr 31
octahedron

2.1 Material and Methods

Infrared spectra of the samples diluted in KBr were recorded in the regior-4@@0cn
using a Shimadzu (IR Prestige-21) FT-IR Spectrometer, @saution of 4 cril. Raman
spectra were recorded using a model RFS 100/S Bruker instrunterd Wd: YAG laser
operated at 1064 nm with a power output of 200 mW. The spectrum wasecdtcorithe
range 3500—100 cthat a resolution of 4 cth The sample was finely powdered and
pressed into a small depression on a metal disc and mounted on the camphrtment.
The UV-Visible spectra of aqueous solutionslofiere recorded in matched quartz cells
using an Agilent 8453 UV-Visible spectrophotometer in the range 200—110tHrend
3C NMR spectra were recorded in@on a Bruker 300 MHz FT-NMR spectrometer. X-

ray powder patterns were measured on a Rigaku Miniflex Il podiffeactometer using



Cu-K, radiation with a Ni filter. Simultaneous thermogravimetry (T&sd differential
thermal analyses (DTA) of a powdered samplel afere performed in the temperature
range of 25°C to 900°C, using a Netzsch STA-409 PC thermal anayzeheating rate
of 10 °C/min. The crucible used was of alumina;(®), which also served as a reference
for the sample. The second harmonic generation (SHG) conversiociereffi was tested

using a modified setup of Kurtz and Perry as described previgiigly

2.2 Synthesisof (enH)[S,04] 1

Method 1: Ammonium thiosulphate (7.419 g, 50 mmol) was dissolved in distilled water
(=25 ml). To the clear solution obtained, 99.9% ethylenediamine (~&vasl)added and
the reaction mixture was filtered after ~ 1 h. The cld#mate was left undisturbed for
slow evaporation at room temperature. Transparent blocks separated out aftes. ¥hea
crystalline product was isolated by filtration, washed with ice-colémfatiowed by ether
and dried in air to yield 6.89 g of compouhth 80% yield.

Method 2: Ethylenediamine dihydrochloride (6.65 g, 50 mmol) was dissolved iarwat
(=25 ml). Into this, a solution of ammonium thiosulphate (7.41 g, 50 mmapdium
thiosulfate (6.20 g) dissolved in distilled water (~25 ml) was adted.reaction mixture
was filtered and the clear filtrate was kept for slow evaporadt room temperature.
Transparent blocks which separated after ~5 days were isolafdttation as in method

A, to yield 6.98 g of compountlin 79 % vyield.

2.3 Crystal structure deter mination

The intensity data were collected at room temperature usingkeBSmart Apex CCD
diffractometer with graphite monochromated MoKadiation A=0.71073A) by thew-

scan method. Preliminary lattice parameters and orientationcesatwere obtained from



four sets of frames. Integration and scaling of intensity data wccomplished using the
program SAINT[52]. The structure was solved by direct methods using SHELXSg7
and refinement was carried out by full-matrix least-squarelsnique using SHELXL97
[53]. Anisotropic displacement parameters were calculated fapathydrogen atoms. H
atoms attached to the N atoms of the (§fittation were located in a difference Fourier
density map and refined isotropically. The H atoms of the metbydeoups were located
in a difference electron density map but were positioned geicalbt and included as
riding atoms, with C-H = 0.97 A andd(H) = 1.2U(C). Technical details of data

acquisition angelected refinement results are listed @ble 2

Table2
Crystal data and structure refinement for (8f5$O3] 1

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

0 range for data collection
Limiting indices

Reflections collected /unique
Completenes® = 25.00
Absorption correction

(GH10N2)*" - (S04)”

174.24

294(2) K

0.71073 A

OrthorhomBiz;2,2;

a =5.9125(6) A
b = 10.2280(9)A
c= 23.069(2) A
a=p=y =90
1395.0(2)A

8,1.659 mg/m

0.705 mm

736

0.15 x 0.14 x 0.06
1.77”1to0 25

7h<T, -12%<12, -274<27
13310 / 2452 [R(int) = 0.0217]

100.0 %

None



Refinement method Full- matrix least-squares on F
Data / restraints / parameters 2452 /0/ 211

Goodness of-fit on ¥ 1.131

Final R indices [I>2(1)] R1 =0.0184, wR2 = 0.0534

R indices (all data) R1=0.0187, wR2 = 0.0537
Absolute structure parameter -0.02(6)

Largest diff. peak and hole 0.161 and -0.270%.A

3. Resultsand discussion

3.1. Synthesis

Colourless blocks of compouridwere synthesized in good yields by an aqueous reaction
of ammonium thiosulfate with ethylenediamine (en) followed by st@aporation of the
reaction mixture (eq. 1). Crystalline blocks which are as lonyy es Eig. S can be
grown by this procedure. The synthetic protocol is similar tootiee employed for other
(enH,)** compounds like (en{MS,] (M = Mo, W) [17, 18] (enH)[CrO4] [19] and
(enH)[WOS;] [24]. The reaction involves the displacement of the weaker base ammonia
(pka = 9.24) from ammonium thiosulfate by the stronger base en (fpReD9) leading to

the formation oflL.

B
(NH4)2[S204] + en ; (enH)[S:05] 1 + 2 NH,OH .. (1)
HO
(enH)Clz + (X)2[S203] > (enH)[S05] 1+ 2 XCl (X = NH or Na) .. (2)

Alternatively compoundl can also be prepared by the slow evaporation of aqueous
solutions containing ethylenediamine dihydrochloride and ammonium or sodium
thiosulfate (eq. 2) in stoichiometric amounts. Both methods can alse8daisynthesize

the closely related compound (enf$0O,] by using ammonium sulfate instead of the
thiosulfate in egs. 1 and 2. The observed unit cell parametersh(= 5.996(1)A; ¢ =

18.056(4)A;a = p =y =90 ; V = 648.6(3) R) of (enH)[SO4] prepared according to



equation 1 are in very good agreement with literature valigsit is to be noted that the
synthesis of (enp)[SO4] has been earlier reported by a direct reaction of en withrgulf
acid [15]. Compoundl is soluble in water and insoluble in most common organic
solvents. The identical nature of the products obtained from the twhodsetwas
confirmed by a comparison of the X-ray powder pattern of the prodicis 1). The
phase purity of the product in both methods was further confirmed diy ittentical

infrared, Raman and optical spectrag( S9.

oo

Intensity (arb. units)

e

20 40 60 80

20
Fig. 1. X-ray powder pattern of products from method 1(top) and method 2 (bottom)

3.2. Description of crystal structure of 1

The title compound. crystallizes in the non-centrosymmetric orthorhombic space group
P2:2:2; with all atoms situated in general positions. The crystal sticifil consists of

two crystallographically independent ethylenediammonium dicatiows tevo unique
thiosulfate aniongFig. 2). Unlike in (enH)[SO4] where the (enk)** cation adopts a chiral

gauche conformationF{g. S3, both the unique (endf* cations inl exhibit an anti



conformation(Fig. 3). The observed bond angles of the unique organic dicgflaise 3)

are in the normal range and are in agreement with other compoundsiogntae same
cation. The nearly equivalent C-N distances (1.477(3) and 1.479(2) A finstheation;
1.469(2) and 1.475(2) A in the second cation) indicate the diprotonation of the organic
diamine (Table 3). In the tetrahedral thiosulfate anions, thewdb€-S-O and the O-S-

S bond angles (Table 3) indicate a distortion of thgd§ptetrahedron. The S-O bond
lengths in the first unique anion range from 1.455(1) to 1.472(1) A, wigleStS bond
distance is 1.981(1) A (Table 3). For the second unique thiosulfate ani@@hbond

distances range from 1.462(1) to 1.479(1) A, while the S11-S12 bond length is 1.984(1) A.

Fig. 2. Molecular structure of (erth{S,05] 1, showing atom labeling scheme. Thermal
ellipsoids are drawn at the 30 % probability level exceptingdfatoms, which are shown
as circles of arbitrary radius. Intramolecular H-bonding is shown by déisies.
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N2 N11

C11
CA C2 C12

Y

N12
N1

Fig. 3. The anti conformation of the unique (ed#i cations in (enk)[S,03] 1. Note that
the N1 (or N11) atom is trans to N2 (or N12) in each of thetidits For clarity the H
atoms on N are not shown.

Table3
Selected bond lengths and bond angles (A, ©) for )¢8D,] 1

Bond lengths

S(1)-0(1) 1.455(1) S(11)-0(11) 1.462(1)
S(1)-0(2) 1.466(1) S(11)-0(12) 1.477(1)
S(1)-0(3) 1.472(1) S(11)-0O(13) 1.479(1)
S(1)-S(2) 1.981(1) S(11)-S(12) 1.984(1)
C(1)-N(2) 1.479(2) C(11)-N(12) 1.469(2)
C(1)-C(2) 1.514(2) C(11)-C(12) 1.510(2)
C(2)-N(2) 1.477(3) C(12)-N(12) 1.475(2)
Bond angles

0(1)-S(1)-0(2) 109.5(2) 0O(11)-S(11)-0(12) 109.1(1)
0(1)-S(1)-0(3) 109.0(2) 0(11)-S(11)-O(13) 109.3(1)
0(2)-S(1)-0(3) 109.0(2) 0(12)-S(11)-O(13) 109.0(1)
0(1)-S(1)-S(2) 111.2(1) 0(11)-S(11)-S(12)  111.5(2)
0(2)-S(1)-S(2) 109.2(1) 0(12)-S(11)-S(12) 108.6(1)
0(3)-S(1)-S(2) 109.0(2) 0(13)-S(11)-S(12)  109.3(1)
N(1)-C(1)-C(2) 109.9(1) N(11)-C(11)-C(12) 110.1(1)
N(2)-C(2)-C(2) 109.4(2) N(12)-C(12)-C(11) 109.8(1)
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The cations and anions are interlinked by intra and intermolecydaodren bonding. The
entire molecular surface dfis decorated with hydrogen-bond donors and acceptors, with
all H-atoms functioning as H-donors for the terminal O and S atoimthe unique
thiosulfate anions, resulting in two varieties of H-bonds namely-NOHand N-H-S. A

total of seventeen interactions comprising of fifteen NGH and two N-H-S are
observed. All these contacts are shorter than the sum of theirevaiahls radiiTable

4). The four intramolecular N-HO bonds serve to link the constituents of the asymmetric
unit (Fig. 2. The molecules are further extended into an intricate H-bondeankewith

the aid of N-H-O and N-H-S intermolecular interactions. It is observed that each unique
(enH,)?* dication is H-bonded to six symmetry related thiosulfate anigis. S4)
However, the first cation (C1, C2) differs from the second (C11, @ilf)at it exhibits

two C-H--O interactions. It is interesting to note that the O3 and Qdr@sabf the unique
thiosulfate ions which exhibit the longest S-O bond distance of 1.478@1)1.479(1) A
respectively are each involved in a G-8 interaction, in addition to two N-HO bonds.

Like the cations, each unique anion is H-bonded to six different,(&ntcations(Fig.

S5). The net result of the H-bonding interactions is the formationtbfeee dimensional
H-bonded network, with the organic cations and thiosulfate anions organized int

alternating layersFig. 4).



12
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Fig. 4. A view alonga axis of the crystallographic packing of (efl$.03] 1 showing the
alternating layers of cations and anions. For clarity H-bonding interaetrenst shown.

Table4

Hydrogen-bonding geometry (A af)ifor (enH)[S,04] 1

D-H---A d(D-H) dH---A)  d(D---A) <(DHA)
N(12)-H(12N)---O(3) 0.82(3) 2.49(2) 3.137(2) 137(2)
N(12)-H(12N)---O(2) 0.82(3) 2.29(3) 3.039(2) 152(2)
N(12)-H(11N)---O(1)  0.91(3) 2.56(3) 3.116(2) 120(2)
N(12)-H(11N)---O(2)  0.91(3) 2.14(3) 3.045(2) 171(2)
N(12)-H(10N)---O(11) 0.91(3) 1.96(3) 2.832(2) 161(2)
N(11)-H(ON)---O(1)  0.90(3) 1.90(3) 2.791(2) 170(2)
N(11)-H(8N)---O(11) 0.85(2) 2.57(2) 3.116(2) 123(2)
N(11)-H(8N)---O(12) 0.85(2) 2.21(2) 3.029(2) 161(2)
N(11)-H(7N)---S(12) 0.90(2) 2.59(2) 3.412(2) 152(2)
N(11)-H(7N)---O(12) 0.90(2) 2.23(2) 2.946(2) 136(2)
N(2)-H(6N)---O(2)  0.86(2) 2.32(2) 2.978(2) 134(2)
N(2)-H(BN)---S(2y  0.93(2) 2.92(2) 3.626(2) 134(2)
N(2)-H(BN)---O(3)  0.93(2) 1.97(3) 2.847(2) 158(2)
N(2)-H(4N)---0(13)  0.84(3) 2.09(3) 2.893(2) 160(2)
N(1)-H(@BN)---0(12)  0.85(2) 2.08(2) 2.889(2) 159(2)
N(1)-H(2N)---O(13)  0.89(2) 1.98(2) 2.848(2) 164(2)
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N(1)-H(IN)---O(3j  0.85(2) 2.11(2) 2.922(2) 160(2)
C(1)-H(1B)---0(1d)  0.97 2.682 3.408(2) 132
C(2)-H(2A)- - - O(3§ 0.97 2.45 3.212(2) 135

Symmetry transformations used to generate equivalent atoms:
i) -x+1, y-1/2, -z+1/2 ;i) x-1, y, z ; iii)) x-1/2, -y+3/2, -z ; iv) x-1,y-1,Z;
V) x-1/2, -y+1/2, -z ; vi)x,y-1,2z

3.3. NMR and UV-Vis spectra

The'H NMR spectrum ofl in D,O exhibits a single sharp signal at 3.2 ppm, assignable to
the equivalent methylene protofisig. S6) No signal is observed for the equivalent
protons of the —NElgroup due to their rapid exchange witbD The single sharp signal

is a clear evidence for the purity bf A single sharg®C resonance at 36.5 ppiffig. S6)
indicates the equivalence of the carbon atomg4.ifhus the equivalent carbon atoms
indicate diprotonation of en, which was further confirmed by a grdvitanalysis of
ethylenediammonium content as the insoluble @fPh], salt. The UV-Vis-NIR
spectrum ofl (Fig. S7) reveals the transparent nature of the title compound as no
absorption signals are observed above 215 nm. Such a transparent hstadesirable

characteristic of non-centrosymmetric materials for possible apphsa

3.4 Infrared and Raman Spectra

A combination of infrared and Raman spectra has been used to ehaeattte functional
groups inl. The assignments for the observed signals in the infrare®Ramén spectra
(Fig. 5 and 6)are made based on a comparison of the reported spectral datgpotioois
containing the (eng)** cation and the thiosulfate ani¢#v, 55]and listed in Table 5. The
(enHy)** ion has 36 normal modes of vibration which in the trans conformation would be

distributed between the irreducible representations of this grolip/gs+ 8A, + 7 By +
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10 B,. The strong signals at 3055 and 2966 émthe IR and Raman spectra respectively
can be assigned to the antisymmetric and symmetric N-ktlsitng vibrations, while the
peaks at 1581 and 1500 ¢rin IR are assigned to antisymmetric and symmetric N-H
bending vibrations. The IR bands due to the wagging and twisting mottes -&¥H unit

are observed at 1330 &rand 1211 cn, respectively, in infrared spectrum. The observed
spectral data ofL is in agreement with those reported for (ep€dCly [56]. The
tetrahedral [80s]*” anion has & symmetry and six normal modes of vibration {3A3

E) all of which are both IR and Raman active, are expdgéted All these fundamental
frequencies are expected at the following wavenumbgiSOs) (v1, A1), 995;V(S-S) (2,
A1), 446;04(S0s) (v, A1), 669; VadSGs) (v4, E), 1123,0.{SO;) (Vs, E), 541; p(SQs) (Ve,

E), 335. As the IR spectrum has been investigated up to 40@henys, E) vibration of
the anion is absent. However this signal is observed in the Rammeatmusn at 334 crh

All IR and Raman vibrations are observed in the title compound in t{heceed region
and thus unambiguously confirm the presence of a free thiosulfate 1oiihe symmetric
stretching S-S vibration of the §83} unit appears as an intense signal at 457 amthe
Raman spectrum and at the same frequency in the IR. It hagdm®eted that the S-S
stretching vibration of an organic thiosulfate namely piperazinedihimsulfate [56]

occurs at 456 crh
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Fig. 5. Infrared spectrum of (enh{S,0] 1.
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Table5
Assignments of infrared and Raman bands

Infrared Raman Tentative

(in cmi) (in cni) Assignments
3058 3008" NHg" 2sym- st
2945" 2966 NH;" sy =t
2819" 2847 CH, Y™t
1581" 1498 NHg"asym-de
1500° 1450 NHg" sym- de
1442" . CH, %
1330 1333 CH, "
1211" 1213% CH,™!
1087 1121 S-Q2ym- s
1006" 1051 S-o¥m st
979 976 C-N*"

898" 899" NH;" "¢
763 - CH, "
665 656 S-om-de
534 548" S-Qasym- de
457 457 s-s™

- 334" S-Q'ok

s: strong, b: broad, m: medium, w: weak, vw: very weak, sym: stnon asym:

antisymmetric, str: stretch, wag: wagging, def: deformation.

3.5 Thermal and NL O studies

The TG-DTA thermogram df (Fig. 7) exhibits the first endothermic event with a peak in
the DTA at 225°C. The TG curve is parallel to the X-axis till ~£80 The endothermic
peak at 225 °C accompanied by a rapid drop in mass can be atttibdscbmposition of

1. In the absence of mass spectral data of the emitted fnégje detailed description of
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the thermal decomposition processes can be made. However, tad selite compound
(enH)[SOy] is thermally more stable thahas it decomposes at 380 [15]. It has been
reported by Rao and coworkers that an analogous non-centrosymmetric compound
ethylenediammonium sulfate which crystallizes in the tetralgefy space group exhibits
weak NLO properties (2.3% of urefl)5]. A preliminary study of the second harmonic
generation (SHG) property of a finely powdered samplgé whs made by the Kurtz and
Perry techniquel57] by irradiating the sample with a near infrared laser be&dm
wavelength 1064 nm. The compound (ei6h03] exhibited SHG properties in the form

of green emission.

TG
100
L6
80
L 4
endo
60 L2
I_
= <
< 404 -0
DTA
L 2
20
L 4
0_
-6

2(50 ' 460 l 6(50 | 8(I)0
Temperature °C

Fig. 7. TG-DTA thermogram of (enh[S.05] 1.
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4. Conclusions

The compound ethylenediammonium thiosulfatelescribed in this work is an achiral
molecule crystallizing in a non-centrosymmetric space group an8iexBHG property.
Compoundl which can be prepared under mild reaction conditions is a new addition to
the growing list of structurally characterized ethylenediammonium compothdsd**C

NMR spectra reveal the spectral puritylofwhile the presence of the organic cation and

the thiosulfate anion are confirmed from the characteristic IR and Ramdraspec
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Appendix A. Supplementary data

Crystallographic data (excluding structure factors) for tthecture of (enk)[S,03] 1
reported herein have been deposited with the Cambridge Crystallagiegai Centre as
supplementary publication no. CCDC 888779. Copies of the data can be olitamed,
charge, on application to CCDC, 12 Union Road, Cambridge CB2 1 EZ, bK.+H#4-

(0)1223-336033 or email: deposit@ccdc.cam.ac.8kpplementary data associated with

this article can be found, in the online version, at ***.
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