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Introduction Liquid State NMR and ATR IR

In 1onic liquids, H-bonds coexist with much stronger Coulomb interactions but can
still control local structure and clustering. [}

Previous work showed that hydroxy- and carboxy-functionalized cations can form . At 298 K th N < obviousl
ike-charged, doubly H-bonded cationic dimers and larger clusters. (23] % It the proton exchange is obviously
n this work, we investigate analogous like-charged anionic clusters in a protic ionic SIOW
Iquid based on triethylammonium and propanedionic acid. . Th anal . ned hemical
X-ray, NMR, IR, and DFT studies are combined to reveal “anionic wires"” of singly H- | h'? tV\é/S?I—SIIg?ahS aI:IeHaS;IIgne t:)OC emica ]
bonded anions and to clarify whether these like-charge interactions qualify as zzi Shl tCSZOOHO the (due) 51‘; Ppm an
"anti-electrostatic” H-bonds (AEHB) or rather as interanionic H-bonds (IAHB). = vk the protons (red) at 14 ppm
JL Zzz: Z::i = The data is supported by the DFT (the
System and Synthesis H B3LYP-D3/6-31+G* level of theory)
@_ calculated proton chemical shifts (vs. TMS)
Triethylammonium hydrogen malonate SN TT Tr T of Stfble H-bonds clusters
ITEAHHOOC(CHZ)COOI 16 14 12 10 8 16 14 12 10 8 (TEAT),(HOOC(CHCO0),
§'H/ ppm §'H/ ppm

- Wg used triethylamine and malonic acid in equal Fig 3: NMR proton chemical shifts 8'H of the
ratio , COOH and the NH groups as a function of

= Both educts were stirred together for few hours temperature.
without any solvent until homogenous ionic
liquid is formed

The C=0 stretching band at
1720 cm! is assigned to the
non-H-bonded C=0 of the
carbonyl group

Solid State X-Ray

y @ The C=0O stretches around
: o ,, e ) ) od b 1600 cm! are referred to C=0
, < | RO-0)=2479A R(N--0)=2.735 A g = T gH—bqndsc aracterized by bonds of the carboxylate
R(OH)=1.094 A R(NH)=0.96 A anion-anion " OH---OC- | | O group
. . 1 1
interaction and flanked by 1800 1750 1730 /106,.,?9 600 1550 1800 1300 } 1600
co Voo / €M

cation-anion *NH---O-

S eraction Fig 4: ATR IR spectra of [TEA][HOOC(CH,)COO]

showing two main vibrational bands in the C=0 stretching
Region.

= The H-bonds angle Z(N,H,0)
IS 163.5° between opposite
charges

Neutral and Charged Clusters

_ . . = The H-bonds angle Z(0O,H,0)
Fig 1: Crystal structure of triethylammonium < 174.8° b ke ch
hydrogen malonate [TEAJ[HOOC(CH,)COO]. Is 174.5" between like charges

= The CO bond of the
moderately strong H-bonds
*NH---0C-is 1.242 A

Fig 5. Neutral and charged stable H-bonds clusters (TEA*) (HOOC(CH,)COO"), with m=0-4

= CO bond in the stronger H- consisting of n [TEA] cations and four hydrogen malonate anions as calculated at the B3LYP-
bonds " OH---OC- is elongated D3/6-31+G* level of theory. The neutral tetrameric cluster (Q=0), charged species Q=1-, Q=2-,
to 1.265 A Q=3- and finally the pure linear anionic tetramer (Q=4-).

150 -
Fig 2: Enlarged section of the X-ray structure of triethyl 200—% WM@E‘%& .:(%({T_,
ammonium hydrogen malonate showing the H-bond i R(H--0)

distances and additionally covalent CO bond distances i 4+0, Q=4-
d(C7-0O1) of the carbonyl group and d(C9-02) and d(C9- 100~

~ 140
O4) of the carboxylate group.

. AE* =18.3 kJ mol”’
Conclusion 1001 g %}ﬂhg 130}~ [
-200|- 2 : AR*=3.10A
= Strong interanionic hydrogen bonds (IAHB) were identified in triethylammonium S N €'+ A 4 ./ e SRR MR
hydrogen malonate, overcoming electrostatic repulsion between like-charged ) 4+4Q°| | o

lons. ~300 4+4 4+3 4+2 4+1 2+0 3+0 4+0 1 2 3 4 5

Structural, NMR, IR and DFT data confirmed the formation of stable anionic wires R(H-O) / A

bo,th in solid e.md.also in bulk ||qg|d phases. . , Fig 6: The calculated binding energies AE per Fig 7: Potential energy curve for the H-
= This study highlights the crucial roles of charge transfer and polarization in ion of the neutral and charged stable H-bonds bonded anionic dimer (HOOC-CH,-

interionic H-bonding, offering new insights for designing advanced ionic liquid clusters with m=0-4. CO0-),, as calculated at the B3LYP-D3/6-
electrolytes. 31+G* level of theory,.
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