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Ci .FOltMTICN !>'XI; EREMI!IG OF HYDROGEl! EONt n1 SOLUTIONS 

G. S. DEIUSOV. N. S. GOLUllEV 

Institute ot·Physics. Leningrad State University. USSR 

The life-time of hydrogen-bonded complexes in solution may be 

cetermined b,)' two types of processes' I) the molecular exchange 
similar to that of ligands in metal donor-acceptor complexes. 2} 
the process or reverse proton transfer from the donor to the ac­
oeptor and .backwards ("intraco=.plex tautomerism"), occuring but 
jr. some particular cases. The molecular exchange 

A-R ... E' .. E" ~ A-R ... Bft + B' 

··,nere B' and B" are either different or similar molecules, may 
p~oceed via two different mechanism. the synchronous. with the 
:'ormation of the sctivated complex of a complicated composition 

i.-li ••• E f + n _ ... -E' -.... -A H ll" B' II _ A-H ••• ll" _ - ••• + 
'md the step-like. with the breaking ot onebond,followed by the 
formation of the second bond. 

To establi.sh the true mechanism o~ the process, the investi- . 
gation of the molecular e~change kinetics in CHF2Cl solutions WSB 

c.arried out at low temperature' (-loo" + -l10oC) by .lDeans o~NII.R. 
:,'i thin this range of temperature,in proton msgnetic resonance 
"pectI's of systema~ containing proton dOllora and proton acceptors, 
t~e signal of the proton, participating ill hydrogenhoncing. can 
spl i t into signal., correepondir.g to <:OIIIp1e% •• oto.1~terent kinds. 

Tor e~ampl., in the spectrum of CFjCOOH+HCOII(CH)'2+(OH')20 eolu­
'ions (:Fig.I), two OM-proton eignsl"s·of the a01d in -eomple:r:ee witll 
ether &»l2.3 ppm, and amide S"I8,2PPlI';lIre obeerYed.''DIere are 
no dimere in detectable anlounts under these conditione. It' is to 
be noted that the two CaO-proton dgnab belonging to the frte 
form~ide molecule and to the molecule ot formam1de bonded with 
the acid have been detected. 

In the spectra at sistems., containing carbo:lr,71ic acid and ollly 
one acceptor, at low concentrations two OH~8i~. are observed. 
the first corresponding to ,the 1,1 ac1d"aceeptor ·c.omplex, the se­
cond to the cyclic dilDe ... 111 th tile :lncruse of the ·concentration. 
there alBo appear the signal. or comple:r: •• , con~.1:i\ing two acid 



i I 
18 

i 

CCM.J.NCUO· + ~g:.COOII + 5 (t1lt>l o 

'" .... " .,A s ss'U 

• i i . i , 
9 7 

115 

~ I 

gppm -
Flg.I. Tbe spectra ,o~_t!>._ CF3COOH+(CH3)~CHO+(CH3)20 solution. 

1JI CHP2Cl at -I550 C . . 

mol.cule •• It ha' be.n ahown that, under thea. condltlona, the 
proton.xchange doee not stt.ct the ilJle-.hape. 

In s,stems, contelJllng the proton donor with the lJItl'8Ellole­
eular hTdrogen bond and the acCeptor, the eeparate signala ot the 
proton donor.and the complex wUhthe inte .... oleculer donor-accep­
tor I!,ydrogen· bond. arese.n • 

. .. By meane at the full line-ahape anaIJal.,· the lite-times ot 
dfeterent torms were tound, and, using the- concentration depen­
dence ot lite-timea; werad.t ..... lJIed the rat. orders at reactiona. 
The. proceaaot the complex dlaaociati<ln app.ared to be aonomole­
cular. Th. activation- parameters at IDolaculer eX~hange were cal· 
culated trolD ·the temperature dependence at rate constante. The _ae~ 
tivation energies proved to be .clo.e to the hTdrog.n band ener-'.' ' . gtt.. in .uch cOlDplexes. The values at activation .ntroPJ are po-
altha ..,d ,aleo clos. to the .ntroPJ at hTdr<lgen-bond.d Comple­
x.a. Thia auggeatathat .th. molecular exchange ,procesa I.ia ot e 
step-llke character, 1.... the ne" bond torma onlJ atter the 

. breaking' cf the prev10U ~e. Inth. trene1t1on state ietermi-
. .,' -, " - "', 

ning'tlJ,e rate ot the "change th.re iano lJIteracUon between the 
denor'.bel the acoeptor. 

" .... 

A peouliar ca •• are tbe carbo:Q"lic acld-aa1JIe complaxes, with 
the poesible .quilibriua between various molecular'and ioniC forms, 
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Fig.2.The spectra of the CB2CICOOH (0,05 M) + (CB)). (0,12 
M) solutions 1n CHF2Cl. 

In the spectrs of CH2ClCOOH+(CH),N system (with excsssof ami­
ne), the spl1tting of the trimetb,ylamine signal .. into signals, 
belonging to the free am1ne and·its complex wUh the acid, i8 
observed at low temperature. With further· decreaae of :tempera­
ture, the Signal shifts to the low field and splits 1nto a do­
ublet, the splitting 1ncreasedwUh. the decrease ot temperatu­
re up to -120°C (the effective .,alue, of J rises froll·2 to. 5,5 
;~z). Below _120°C, there is nO cbSJJse 1n the spectrl/lll' (Fig,2).­

This means that the tautomeric conversion .takes.place 1n the' 
complex on account of the reverilible proton tr8J;>sfsr.The JIlO- • 

1ecu1ar exchange between .the complexes an4 tree. molec1,llesgl)ing 
on slowly in llJ,IR time-scale. '(the signals observed sep8ri1tel,r), 
the proton transferisaccomp11shed quickly eve!> at temperature 
0-_ - - . 

- I70 C (the observed signals Of 'the complexes lisen coalesced). 
llith the decrease ot temperetur., tn.equ1l1prb'lIsh1tte to the 
ionic fonn, end below _120°C .thereieQnl.Y." 10llic tom~ tn. 
solution. The shif·t· ot the equilipril1llis. aCCQapsn1e4 bF a 
strong shift of the coaleseedOH and 1'11( e1«Dal to tn.high . 
f1elC • 
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Pig.3. The spectra of the CH3COOH+(CH3)3N solutions at _165 0C. 

In the acetic acid-trimethylamine system (excess of amine~, 
even at the lowest temperature _1700 C, there is an equilibrium bet­
ween the molecular and the ionic forma of the complex, as Been 
from the position of the signal of the tr~ethylamine bonded in fhe 
complex. The estimate of the lower limit of the proton transfer 
frequency may be made, using the line width of the movable proton. 
It is found to be ~ > 105 seo-1 at _1700e. In case of excess of 
the acid, a more complicated picture is observed (Fig.3). Besides 
the mentioned above OH/~~ signal of the 1:1 complex, there appear 
two more signals, having the same integral intensity. The low-field 
,ign81 belongs to the OH-proton, -while the high-field one to the 
IiH+-proton in the amine complex with two molecules of the scid, 
With further increaae of the amount Of the acid, the cyclic cil::er 
Signal --13 ppm also appears. Theposltion of the 2:1 complex sig­
nals aoes not depend on temperature, ,bence, DO tautomeric proton 
transfer occurs in this complex. Th1e i. in accordance with the re­
sults of the1nfra~rsd study of .. the acid-amine systems. 



r . 

1113 

With the decrease -of pKa of an acid, the ealculahd ehemioal 
shift of the signal, corresponding to the moleeular form of the 
I: I eompIex, increases. which is' relatedwUll- the atrellgthening 
of the hydrogen bond. At the Bametime, the ohemical shift of the 
NH+-signal of the ionic form decreaeeB, whichcD1T8epondato the 
increase of pKB of the conjugated baBe (carboxylate-anion).' 


