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Characterizing hydrogen and tetrel bonds in 
clusters of C02 with carboxylic acldst 

Weixing u.e* Sonia Melandn,e Luca Evangelisti.• Camilla catabrese,e1
Annalisa Vigonto and Asslmo Martse•

The lnteraction between carbon dioxide and planar carboxylic adds hai been lnvestlgated through the 
anaty:m of the mi� spectrum of the agylic ldd·COi compi.ex and quantum chemk:m modeUng 
of the R-COOH·(CO:alua dusters. wnere R • H. CHaCH. As regfflls the 1:1 compounds. two spedes. 
lnvol.'ting the s-dl and s-trans conforrnffl of ac,ylic ade! wwe obserwd. For both of them. a sìmllar 
bidentate lntenictlon adsal bltween the arbonyl group of COt and the carboxylic group of the organle 
acid, leading to the formation of • planar six-membered ring. The binding energy ìs estimated to be De 

!!li 21 kJ mo1 1• 1/3 being the energy ccmributions of the tetrel to hydrogen bonds. respectl\iely. In the 
1: 16 dustan, the ring arrangamant Il broken, allowlng for the ìnteraction of the acid with SIIMlral. CO, 
molecules. The COz molecules cornpletely surround formirc acid, whereas. in the case of acrytic add. 
they tend to avold the allyt chain. 

C8rbon dioxide is a naturaDy occurring compouncl. wb1ch is 
fonned in� deeom.pocddon and -,iratol)' proeasa 
md amwrb!d to carbohydmtes y photosyntbesls. 00a plaJI an 
asential role as a greenhowre gas in d:te Barth'1 atmospheR, 
and it is d:te main componmt of Man' and Venus' atmospbem. 
Mom:r, COz span, a wide vadetJ of pbfslcal and cbmnical 
applieationl, depending on ili state. Por example, in tbe gu
form, COz constitutes d:te active materiai of pcRlll.rlu1 mera,

whDe in ili solid form (m.p. 216.6 IC} lt is mcd both u a 
refrigenmt ami an abrasive. ln ili supemit:ieal ftuidic form 
(ICCO:J, it plays an intpommt role u green solvent, due to ili 
lowtoxicl\)' and environmentaJ impact. s.a In the last centwy, tbe 
peatelt C0z emÌISÌOl18 bave been of antb:ropoaeDic OrÌpl, 
leadmg to an ewr growing eoncentrat:ion lem in tbe 
atmospbere, wh:icb is rlated to d:te increasin, pobal warmin.r
and tbe addlftc.-a.tion of oeean.1. In order to amtain tbese effècts, 
strategles aimed to tbe capture and storap of CO.. are wldely 

� Ili Clf/lllial ''G. CitDlùdaJI•� �di..,.,. -&mi 3, 
HalXBolopvr. ldJI. • .,,,_,, auimo.�bo.il; M +.151 051 � 
t Bleemlnle � lnrOrmation - ndlal:lle: 'Jlleomieal Cll'tafan 
atrucb1R5 ot tlw p,bal minima oF tlw dullliaa FA·(� (PUiOOJ..m.l.JIP}, 
t.AA-{eoa)u,(t,M..16Cm_GM.11p). ud fAA-{CD.e}.1 (tM. 1fCOl_f.BfJIJI). Bee DOh 
10.1cmf41epouut' 
* ._.addreu: DepartmellitofChitmllllly, l'Udan �.SllctnpailOOIH.
China.
I Waddmtl: D!.!plll'taDlDC de Qui:mim Pidea, UnJvmddad del Paia vum
(UPV�, AplRallo 614, IMIOIO Bllblo. s,ain. Bla&d:ka lmdtvte (CIIC, UPVI
IHU). NrloiardtM, &IN, Hll940. lpllft. � � �
Jlimda Jlìmdulea (). Bmlo 11tm1na. &IN, H&tO, lpllft. 

stw:Ued. 3 In tbls :Ulltelt, ac:qt.drlng' lmuwledp on how CO..
interaets with tbe surroundiDp is n«essaJJ to understand tbe 
p� properties lead.ing both tbe ad.sorption 
pl'OCC'llel, aploitccl in sequestration of was&e CO.., ami tbe 
solvation pmperdes. wb1ch am explain tbe bebaviour of scCO.z. 

Al reprds the gu pbase, bigb molutlon rotational spectro
sc:opy coupled to computationll modelinJis a owerful ltrate&f 
to d.etermine tbe 8ttuct:1Ual and enerpt:ie cbaracteristics of 
the imeraeting moieties.:• Tbis synergic appmach is able to 
demmine tbe behaviour of an apolar probe like cc:>a, with 
respect to tbe bind.lng abllities of 111mypm and eamon atoms 
of actiDg u pmton and electron aceeptor, respectively. 

CO.. acts III a pmton acceptor fm:m.ing Hnear c:iomplexes 
wben interactingwlth strong hydneids (HF5 and HCJ'} whereas 
it acts u a Lewis add, formÌJll T-sbaped complexea, in tbe eue
of watt!Jt,7 b)drobtomic acid, & i d:)'Jedler, I Ma, 10 P1fidine, 11 and
� n �, horb behavion .re evidenwd in 
tbe case of HCN·<D.a, where a linear13 and a T-abaped.14 ilomer 
.re detecled, d:te 1aaer beinJ me most lllble, md in d:te CHA·
CO.. trimer, n bere CO.. acts as a pmtDn donor à:M1uds a wamr 
molecule md aa a pmton aceeptor with esec to tbe otber 
watt!Jt moleade forminr a � stl'\lffilre.11 'b simukaneous 
intemc.tian d. horb tbe carbon and OllJ1P!D. amms of cc:>a bas 
been rceognrmd lll&o in otber CO.. c:omplm, sueh .. tb.ole 
wfth catbn sulfide,t6ìt7 fbrrnalde1tùe, D medJrmol, D propy)ene 
mkle, M etbylerle dde, :n difluarometbane,n fcxmic acid {FA}, ZI 
1,1� tt trlluoroethylen,• fonnamidet' isopros:,1-
amine, ff md z�.• 1n tbe laaer, tbe b1VU � 
formi . tbe complex are 8fabUlr.ed by dne imllmolecular 
bonds imolYinr all C0a comtit:utinr atDma. A meent atudy on 


















