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Abstract 
Attempts to prepare [Se(CH2CH2COOH)3]

+Cl- from Se(CH2CH2COOH)2 and 
H2C=CHCOOH in concentrated hydrochloric acid, for the corresponding sulfonium salt, led 
exclusively to the Se-betaine, Se(CH2CH2COOH)2(CH2CH2COO). The Se-betaine 
crystallises in the space group P2l/c with the cell dimensions at 223 K, a = 5.5717(1), b = 
24.6358(4), c = 8.4361(1) Å, β = 104.762(1)°, V = 1119.74(3) Å3, Z = 4, Dcalc = 1.763 Mgm-3, 
µ = 3.364 Mm-1. The structure refined to RI = 0.0223 for 2801 reflections with Fo > 4σ(Fo). In 
the crystalline state the molecule is intermolecularly linked to neighbouring molecules by a 
number of hydrogen bonds; a very strong carboxylic-carboxylate bond with an O····O 
distance of 2.4435(16) Å, a medium strong carboxylic-carboxylate bond with an O····O 
distance of 2.6431(16) Å and several weak O····H(CH2) with O····C distances between 3.2 
and 3.3 Å. In the carboxylic group involved in the very strong hydrogen bond the O····H 
bond is antiperiplanar to the C=O bond while the O-H bond is periplanar to the C=O bond in 
the second carboxylic group. Based upon the C-O bond lengths and the elongation of the O-H 
bond involved in the strong hydrogen bond one may describe the compound as strongly 
linked units of Se(CH2CH2COOH)(CH2CH2COO)2 rather than 
Se(CH2CH2COOH)2(CH2CH2COO). The selenium atom forms two strong intramolecular 
1,5-Se····O contacts, with a carboxylate oxygen atom, 2.9385(12) Å, and with a carboxylic 
oxygen atom, 2.8979(11) Å. To allow for these contacts the two organic fragments have been 
forced into the periplanar conformation. The molecule is only slightly asymmetric with 
regard to the C-Se-C bond angles but is very asymmetric with regard to the torsion angles. 
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1. Introduction  
Some 60 years ago Schöberl and Lange [1] showed that chlorides and bromides of 
[S(CH2CH2COOH)3]

+ could be prepared in high yield by addition of 3,3’-thiobis(propanoic 
acid) to propenoic acid (acrylic acid) in strongly acidic aqueous solution, Eq. 1.  
 

S(CH2CH2COOH)2  +  CH2CHCOOH   [S(CH2CH2COOH)3]
+X-   (Eq. 1)  

 

The isolated salts were stable and non-hygroscopic solids and were purified by crystallisation 
from ethanol. When aqueous solutions of the salts were heated, however, the weakly soluble 
betaines, the corresponding bases of the sulfonium salts, crystallised from the solution upon 
cooling, Eq. 2.  

 

[S(CH2CH2COOH)3]
+X- S(CH2CH2COOH)2(CH2CH2COO)            (Eq. 2)  

 

Apparently, these sulfonium cations are so acidic that an equilibrium exists with Cl- and Br- 
in aqueous solutions. The corresponding salts derived from HOOCCH2SCH2CH2COOH were 
also prepared, Eq. 1, and were found to behave rather similarly [1]. However, all attempts to 
prepare sulfonium salts with two or three acetic acid groups failed, only the corresponding 
bases, the weakly soluble betaines, previously named thetins [2], were formed. This suggests 
that the acidity of this class of cations follows the following sequence: [(PrA)3S]+ ~ 
[(PrA)2(AcA)S]+  << [(PrA)(AcA)2S]+ ~ [(AcA)3S]+; PrA and AcA being abbreviations for 
propanoic acid and acetic acid, respectively.  

Since salts of [S(CH2COOH)3]
+, and also [Se(CH2COOH)3]

+ [3], are presently unknown, a 
structural study of their corresponding betaines was recently performed [4]. In this work it 
was shown that the cause for the very weakly basic nature of these compounds was due to 
two strong intramolecular I,4-X····O contacts that seem to prevail in aqueous solutions as 
viewed by the low solubility of these compounds in water. The fairly equal S····O and 
Se····O intramolecular distances in the two betaines suggested the latter interactions to be the 
stronger ones [4]. The possibility of only one such contact in [(PrA)2(AcA)S]+  and none in 
[(PrA)3S]+  might therefore be the reason for the acidity sequence as mentioned above.  

To further examine the effect of this type of interactions a study on the readily available 
[S(CH2CH2COOH)3]

+ halides [1] and the corresponding, but unknown, selenonium salts was 
started. However, when attempting to prepare the selenonium salts from 
Se(CH2CH2COOH)2, as described for the sulfonium salts [1] Eq.1, only the Se-betaine, 1, 
could be isolated from the reaction mixture. 

Se(CH2CH2COOH)2(CH2CH2COO)        (1) 

Apparently, some factor(s) make this betaine far less basic than the corresponding S-betaine. 
Since suitable crystals of this betaine were readily obtained a structural study was performed. 
Various spectroscopic data and accurate crystal structures of several relevant reference 
compounds like X(CH2COOH)2 [5], X(CH2CH2COOH)2 [6-8] and 
X(CH2COOH)2(CH2COO) X being S and Se, have been published [4].  
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2. Results and discussion 
 

2.1. Synthesis and analysis 

The Se-betaine, Se(CH2CH2COOH)2(CH2CH2COO), was readily obtained in pure state by 
only one crystallisation from water of the precipitate formed in the strongly acidic solution. 
The yield of purified product was quite high, 58%, although no attempts were made to 
maximise the yield. The mother liquor from the first precipitation, prior to the purification; 
see the instability of [S(CH2CH2COOH)3]

+X- in warm water [1], was not found to contain 
other products than the isolated betaine. Apparently, the following equilibrium, Eq. 3, (X 
being S and Se), is strongly shifted to the left for X = S and to the right for X = Se at room 
temperature. 
 

[X(CH2CH2COOH)3]
+Cl- → X(CH2CH2COOH)2(CH2CH2COO) + HCI          (Eq. 3)  

 

There is no evidence suggesting the Se-betaine to be significantly less soluble than the 
corresponding S-betaine. No attempts were made to force the latter equilibrium to the left by 
using an acid with an anion of lower proton basicity [9] and a solvent of lower donicity [10].  

The 1H NMR spectra did only show two types of CH2 groups, at 3.0 ppm (2-CH2) and 3.6 
ppm (3-CH2) in D2O and at 2.95 ppm (2-CH2) and 3.46 ppm (3-CH2) in DMSO-d6. 
Apparently, the NMR technique does not distinguish between the two carboxylic groups and 
the one carboxylate group in the betaine. It is notable that the signal due to the 3-CH2 protons 
is some 0.5 ppm downfield from that of the 2-CH2 protons. For several alkyl-substituted 
seleno-propanoic acids, RSeCH2CH2COOH [11, 12], and Se(CH2CH2COOH)2 [8] the 1H 
NMR signals due to these CH2 groups are most difficult to separate. The distinct separation, 
~ 0.5 ppm, is probably due to a significant selenonium character of the Se-betaine. This 
suggestion is substantiated by the downfield shift of the 77Se NMR signal from 2,2"-
selenobis(propanoic acid), 198 ppm. The downfield shift from Se(CH2COOH)2(CH2COO), 
54 ppm, may be more difficult to judge since 77Se NMR shifts are known to be most 
dependent upon the size of the alkyl group [13].  

The IR spectra of this compound are indeed most complicated reflecting not only the two 
different groups being linked to the central atom but also a significant amount of asymmetry. 
This was also observed for the betaines derived from [X(CH2COOH)3]

+ [4]. One may 
particularly mention the cluster of peaks due to the carbonyl groups ranging from a shoulder 
at 1778 cm-1, presumably due to a free carboxylic group, and to a strong peak at 1556 cm-1. 
The latter peak may be assigned to νas (COO-), observed at 1654 cm-1 and at 1643 cm-1 in 
S(CH2COOH)2(CH2COO), and Se(CH2COOH)2(CH2COO), respectively [4]. The most 
intense carbonyl peaks, however, were observed in the 1710-1740 cm-1 region. Since the C-O 
vibrations also appeared as a complex array of peaks in the 1150-1300 cm-1 region no 
attempts were made to assign the various peaks.  

 

2.2. Comment on the molecular structure  

The molecular structure of Se(CH2CH2COOH)2(CH2CH2COO) together with the atomic 
number scheme is shown in Figure 1. Bond lengths and bond angles together with torsion 
angles are listed in Table 1. As seen from the bond lengths, the bond and the torsion angles, 
as well as from the intra- and intermolecular bonding and non-bonding interactions, 
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summarised in Table 2, the groups linked to the central selenium atom, A, B and C, are 
distinctly different. The compound is also slightly asymmetric with regard to the C-Se-C 
bond angles, C(1A)-Se-C(1B) and C(1A)-Se-C(1C) being 99.31(6)° and 99.37(7)°, 
significantly larger than the C(1B)-Se-C(1C) bond angle, 97.54(7)°. All bond angles are 
larger than in Se(CH2CH2COOH)2, 96.48(8)° [8], reflecting the space demands of the three 
fairly bulky ligands linked to the selenium atom in a pyramidal configuration.  

The compounds are intermolecularly linked through several hydrogen bonds, the strongest 
undoubtedly being the one listing O(2B), the hydroxyl oxygen atom, with O(2A)’, as shown 
in Figure 2. The distance between these two oxygen atoms is only 2.4335(16) Å which, 
according to current definition [14], is to be characterised as a very strong hydrogen bond. 
This type of strong intermolecular hydrogen bond between betaines has previously been 
encountered in 1:1 and 2:1 complexes of pyridine betaine with strong acids [15], in the 
present hydrogen bonded system the compound itself serves as the strong acid. This type of 
very strong hydrogen bond has also been observed in the intramolecularly hydrogen bonded 
betainic form of certain derivatives of EDTA [16]. By forming this strong hydrogen bond the 
O(2B)-H(2B) bond length is lengthened to 0.98(2) Å while the H(2B)---O(2A)a distance is 
consequently reduced to only 1.47(2) Å; the intermolecular O(2B)-H(2B)---O(2A)a bond 
angle being 169(2)°. As shown in Figure 1 the carboxylic unit in the B group attains an 
antiperiplanar conformation, the torsion angle being 174(1)°. Actually, the periplanar 
conformation, usually observed in dimeric units of carboxylic acids [5], is also much 
obstructed in the present ease due to the close presence of a CH2 group in a neighbouring 
molecule. 

As indicated in Figure 2 there is also one additional short intermolecular O(H)····O distance, 
2.6431(16) Å. In this hydrogen bond the O-H and H····O bond distances are 0.85(2) and 
1.82(2) Å, respectively, with an O-H····O bond angle of 161(2)°. Contrary to the carboxylic 
unit in the B group this unit in the C group is perfectly in a periplanar conformation. It is 
apparent that the C-C(O)OH fragment in carboxylic acids is most flexible and that the 
conformation of this fragment may be determined by the location and the door-acceptor 
properties of the neighbouring atoms. In the present structure several oxygen atoms are 
located quite close to neighbouring methylene carbon atoms that may indicate some O····H 
interactions. Selected non-bonding distances together with non-bonding angles are 
summarised in Table 2. Of particular interest are the two very short intramolecular 1,5-
Se····O distances, Se····O(1B) and Se····O(2A), only 2.8979(11) and 2.9385(12) Å. The 
C(1A)-Se····O(1B) and C(1B)-Se····O(2A) angles, 159.70(5) and 162.24(5)°, are fairly close 
to the ideal one for secondary bonding [17]. The Se····O(1C) distance, O(1C) being a 
carboxylic oxygen atom, is far longer, 3.3943(12) Å, and does not indicate any interaction 
with the central selenium atom. Since no other atoms were found to be sufficiently close to 
the central atom to suggest further intermolecular interactions the present compound may in 
principle be considered as a penta-coordinated compound with three Se-C bonds and two 
very strong Se····O interactions.  

The torsion angles, listed in Table 1, reveal a complex picture. The co-ordinating O(2A) and 
O(1B) oxygen atoms are close to being periplanar to C(1A) and C(1B), the C(1A)-C(2A)-
C(3A)-O(2A) and C(1B)-C(2B)-C(3B)-O(1B) torsion angles being 24.3(2) and -11.7(2)°, 
respectively. The O(2C) atom, presumably the best candidate of the two oxygen atoms in this 
carboxylic acid fragment to co-ordinate to the selenium atom [5], is antiperiplanar to C(1C), 
the C(1C)-C(2C)-C(3C)-O(2C) torsion angle being -173.99(13)°.  

The bond lengths and bond angles in the Se-C1-C2-C3 fragments are all in the expected 
range and are in principle as observed in Se(CH2CH2COOH)2 [8]. The Se-C(1C) bond, a 
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bond that is not involved in secondary bonding, is slightly shorter than Se-C(1A) and Se-
C(1B). The Se-C(1A)-C(2A) and Se-C(1B)-C(2B) bond angles are slightly but significantly 
smaller than Se-C(1C)-C(2C), presumably due to the strong1,5-Se····O(2A) and 1,5-
Se····O(1B) interactions. The C1-C2-C3 bond angles in the three fragments are fairly similar, 
~114°.  

The strongly hydrogen bonded groups, the carboxylate group in A and the antiperiperiplanar 
carboxylic group in B, and also the medium hydrogen bonded but periplanar carboxylic 
group in C, are all planar within experimental error; see Table 1 for the C-C-O and O-C-O 
bond angles. While the O-C-O bond angles are rather similar, from 122.3° in B to 124.7° in A 
and C, the C-C-O bond angles are quite different but do not reflect that O(2A) and O(1B) 
make strong contacts with the central selenium atom. Of particular interest are the C=O and 
C-O bond lengths. In group C these bond lengths are as anticipated for a carboxylic group. 
1.206(2) and 1.325(2) Å [18]; in A and B, however, the C-O bond lengths to the oxygen 
atoms being involved in the very strong hydrogen bond, O(2A) and O(2B), are significantly 
changed, from ~1.25 Å, as expected for a carboxylate group [19], to 1.291(2) Å for the 
C(3A)-O(2A) bond length and from ~1.32 to 1.286(2) Å for the C(3B)-O(2B) bond length. 
Actually, the C-O bond lengths listed in Table 1 may allow one to consider the title 
compound in its crystalline state to consist of strongly hydrogen bonded units of 
Se(carboxylic acid)(carboxylate)2 rather than Se(carboxylic acid)2(carboxylate). With the 
structural data available the complexity in the IR spectrum of this compound can readily be 
understood.  

 

2.3. Concluding Remarks  

The Se-betaine, Se(CH2CH2COOH)2(CH2CH2COO), appears to owe its extremely low 
basicity to the presence of two exceptionally strong 1,5-Se····O interactions. The fairly low 
solubility of this compound in water, as was also experienced for the betaines derived from 
[S(CH2COOH)3]

+ and [Se(CH2COOH)3]
+ [5], suggests that these interactions are retained in 

aqueous solutions. The weaker and more flexible stature of the selenium-carbon bonds may 
be the cause for the formation of the 1,5-Se····O interactions preventing salts of 
[Se(CH2CH2COOH)3]

+ to be formed in strongly acidic solutions. 

 

 

3. Experimental  
 

3.1. Materials and instrumental 

3-Bromopropanoic acid, Fluka, 98% puriss, and propenoic (acrylic) acid, Aldrich 99%, were 
used as received. Selenium, Merck, was of 99.5% purity. The FTIR spectra, KBr and Nujol, 
were recorded with an OMNIC 410 FT-IR system. 1H, 13C and 77Sc NMR spectra were 
recorded at a 1H frequency of 600 MHz on a Broker DRX-600 spectrometer. Internal TMS 
and internal Me2Se were used as chemical shift references. Additionally, 2,2’-
selenobis(propanoic acid), Se(CH2CH2COOH)2 [8], and Se(CH2COOH)2(CH2COO) [4] were 
used as chemical shift references.  
 

3.2. Preparation of 3,3’,3’’-selenotris(propanoic acid) betaine, 1, C9H14O6Se 
Se(CH2CH2COOH)2(CH2CH2COO).  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

To a heterogeneous mixture of 1.0 g, 4.4 mmol, Se(CH2CH2COOH)2, in 10 ml concentrated 
HCI was slowly added 0.60 g, 8.3 mmol, CH2=CHCOOH. The selenium compound dissolved 
as the reaction proceeded due to the reaction heat. The reaction mixture was stirred for two 
days at room temperature. Upon cooling to 0°C the Se-betaine precipitated rapidly. After one 
crystallisation from water the product was analytically pure and the crystals proved 
satisfactory for an X-ray study. Yield 0.17 g, 58%, mp 160 °C.  
1H NMR (D2O): 3.0 ppm (6H, t), 2-CH2, 3.6 ppm (6H, t), 3-CH2. 

1H NMR (DMSO-d6): 2.95 
ppm (6H, t), 2-CH2, 3.46 ppm (6H, t), 3-CH2, 12.9 ppm (2H, s) (0.01 M). See Figure 3 A for 
the 1H NMR in D2O 
13C NMR (D2O): 176.5 ppm, 1-C, 31.5 ppm 2-C and 37.6 ppm, 3-C; 1JSe = 53 Hz. 13C NMR 
(DMSO-d6): 172.9 ppm, 1-C, 29.7 ppm, 2-C and 34.9 ppm, 3-C; 1JSe = 54 Hz. See Figure 3 
B for the 13C NMR in D2O 
77Se NMR (D2O): 381.6 ppm relative to 60% Me2Se in CDCl3, 54 ppm and 198 ppm 
downfield from Se(CH2COOH)2(CH2COO) and Se(CH2CH2COOH)2, respectively.  

IR (KBr), cm-1: C=O: 1778 (sh), 1743 (s), 1725 (s), 1656 (s); C-O; 1290 (s), and 1212-1135 
(several peaks); C-Se: 633, 599. IR (Nujol), cm-1: C=O: 1743 (s), 1726 (s), 1714(s) and 1644 
(sh); C-O: 1307 (s), and 1214-1150 (several peaks); C-Se: 636, 600. See Figure 3 C for the 
FTIR/Nujol. 

 

3.3. Crystal structure determination.  

The X-ray data for Se(CH2CH2COOH)2(CH2CH2COO) were collected on a Bruker-AXS 
SMART2K CCD diffractometer equipped with an Oxford Cryostream crystal cooling system. 
In excess of one full sphere of data was collected and reduced using SMART and SAINT 
[20]. Gaussian face indexing absorption correction, incident beam correction, structure 
solution, refinement and graphical illustrations were made with SIIELXTL [21]. Final 
fractional coordinates are given in Table 3, and further crystallographic details are listed in 
Table 4. Complete data on the structural work of Se(CH2CH2COOH)2(CH2CH2COO) is 
deposited with the Cambridge Crystallographic Data Centre, Cambridge, CCDC no.153717. 
The positions of the two carboxylic H-atoms were refined, whereas all other H-atoms were 
positioned geometrically. All H-atoms were assigned an equivalent isotropic displacement 
factor of 1.2 that of the parent atom.  

 

Crystallographic data 
Crystallographic data (excluding structure factors) for the structures reported in this paper 
have been deposited with the Cambridge Crystallographic Data Centre as supplementary 
publication no. CCDC-153717. Copies of the data can be obtained free of charge on 
application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [E-mail: 
deposit@ccdc.cam.ac.uk]. 
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Table 1  

Bond lengths (Å) and bond angles (°) in the A, B and C groups of 
Se(CH2CH2COOH)2(CH2CH2COO), with estimated standard uncertainties  

A B C 
Bond length 
Se-C(1)  1.9666(15) 1.9699(14) 1.9611(14) 
C(1) -C(2)  1.524(2) 1.521(2) 1.521(2) 
C(2)-C(3) 1.513(2) 1.519(2) 1.512(2) 
C(3)-O(1)  1.226(2) 1.238(2) 1.206(2) 
C(3)-O(2)  1.291(2) 1.286(2) 1.325(2) 
    
Bond angle 
Se-C(1)-C(2) 111.60(11) 111.39(10) 113.12(10) 
C(1)-C(2)-C(3)  114.77(13) 113.43(12) 114.00(12) 
C(2)-C(3)-O(1) 120.89(15) 119.87(13) 124.09(14) 
C(2)-C(3)-O(2)  114.40(13) 117.77(13) 111.25(12) 
O(1)-C(3)-O(2)  124.70(16) 122.35(14) 124.63(14) 
    
C(1A)-Se-C(1B)  99.31(6) 
C(1B)-Se-C(1C)  97.54(7) 
C(1A)-Se-C(1C)  99.37(7) 
Σ C-Se-C 296.2(2) 
    
Torsion angle  
C(1C)-Se-C(1)-C(2) 120.31(11) -140.62(10)  
C(1B)-Se-C(1)-C(2) -140.38(11)  70.15(11) 
C(1A)-Se-C(1)-C(2)  118.54(11) 170.94(10) 
Se-C(1)-C(2)-C(3) -67.92(16) 58.97(14) 68.88(14) 
C(1)-C(2)-C(3)-O(1) -156.58(16) -11.7(2) 7.8(2) 
C(1)-C(2)-C(3)-O(2)  24.3(2) 169.24(13) -173.99(13) 
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Table 2  

Selected non-bonding distances (Å) and non-bonding angles (°).  

Se····O(1B) 2.8979(11)  < C(1A)-Se····O(1B)  159.70(5)  
Se····O(2A)  2.9385(12)  < C(1B)-Se····O(2A)  162.24(5) 
Se····O(1C)  3.3943(12)  <  C(1A)-Se····O(1C)  132.43(5)  

 < C(1B)-Se····O(2C)  122.28(5)  
    
O(2B)····O(2A)a  2.4435(16)  
O(2C)····O(2B)b  2.6431(16)  
a Symmetry operation used to generate equivalent atom: 1 + x, y, I + z  
b Symmetry operation used to generate equivalent atom: 2 - x, 1 - y, 1 – z 
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Table 3  

Atomic coordinates (x104) and equivalent isotropic displacement parameters (Å2x102) for 
Se(CH2CH2COOH)2(CH2CH2COO)                                                                                          

U(eq) is defined as one third of the trace of the orthogonalized Uij  tensor   

 
x y Z U(eq) 

Se 2723(1) 6360(1) 2473(1) 19(1) 

C(1A) 3264(3) 6928(1) 961(2) 26(1) 

C(2A) 1119(3) 7330(1) 554(2) 31(1) 

C(3A) -1306(3) 7100(1) -459(2) 26(1) 

O(1A) -2902(3) 7396(1) -1295(2) 45(1) 

O(2A) -1519(2) 6581(1) -334(1) 30(1) 

C(1B) 6129(3) 6298(1) 3875(2) 22(1) 

C(213) 6243(3) 6441(1) 5647(2) 21(1) 

C(3B) 4599(3) 6084(1) 6399(2) 21(1) 

O(1B) 3046(2) 5782(1) 5512(1) 28(1) 

O(28) 4864(2) 6116(1) 7956(1) 29(1) 

H(2B) 6270(40) 6339(7) 8550(20) 34 

C(1C) 2788(3) 5719(1) 1107(2) 23(1) 

C(2C) 2819(3) 5187(1) 2029(2) 22(1) 

C(3C) 427(3) 5066(1) 2495(2) 22(1) 

O(1C) -1448(2) 5329(1) 2038(2) 34(1) 

O(2C) 643(2) 4627(1) 3426(2) 34(1) 

H(2C) -720(40) 4556(8) 3660(20) 40 
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Table 4  

Crystal data and structure refinement parameters for Se(CH2CH2COOH)2(CH2CH2COO)                                                                             

Empirical Formula C9H14O6Se  
Formula Weight (g.mol-1)  297.16 
Crystal System  Monoclinic 
Space Group  P2i/c  
a (Å)  5.5717(1)  
b (Å) 24.6358(4)  
c (Å) 8.4361(1)  
β (°)  104.762(1)  
Temperature (K)  223(2) 
V (Å3) 1119.74(3)  
Z  4 
Wave Length (Å)  0.71073 
Dcalc (Mg.m-3) 1.763 
µ (mm’’)  3.364 
F(000) 600 
Crystal Size (mm)  0.350x0.076x0.026  

Crystal Colour / habit   
Colourless / 
Needle 

θ range (°)  1.65 - 30.46  
Completeness to θ (%)  100 

hkl ranges  
-7/7; -35/34, -
12/12  

Reflections Collected 19036 
Transmission Coeff. min. / max.  0.37668/ 0.91668  
Independent Reflections 3396 
Rint / Rσ 0.0270 / 0.0236  
Data / parameters  3396/151 
Goodness of fit (S) on F2  1.023 
RI(I>2sigma(I) / all data)  0.0223/0.0322  
wR2(2sigma(I) all data) 0.0516/0.0534  
Largest difference peak and hole (e/Å3)  0.396/-0.409 
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Figure 1 The molecular structure of Se(CH2CH2COOH)2(CH2CH2COO). Atomic 
displacement ellipsoids are given at a probability of 50%.  

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

Figure 2  Representation of the hydrogen-bonding pattern in 
Se(CH2CH2COOH)2(CH2CH2COO) involving four molecules. 
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A: 
1
H NMR in D2O 

 
B: 

13
C NMR in D2O 

 

 
C: FTIR / Nujol 

 
Figure 3  A: 1H NMR, B: 13C NMR and C: FTIR spectra of Se(CH2CH2COOH)2(CH2CH2COO)  
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Highlights 

 

• Se-Betaine was synthesised and characterised by FTIR, NMR and crystallography 

• The selenium atom forms two strong intramolecular 1,5-Se····O interactions 

• Its low solubility suggests that the interactions retained in aqueous solutions 




