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CHARACTERISTICS OF DONOR-ACCEPTOR PROPERTIES OF AMINES 
AND CYCLIC NITROGEN-CONTAINING SUBSTANCES DETERMINED BY 
THEIR RETENTION ON STATIONARY PHASES OF DlFFERENT TYPES 

.- 

SUMMARY 

The gas chromatographic behaviours of mono-. di- and trialkylamines. 
crhyleneamines. amino alcohols. aromatic aminrs and nitrogen heterocycles of the 
crhylenimine. pyrrolidinr. pyrrole. piprridinr. pyridine and I A-diazinc series \verc 
studird on stationary phases with ditkent electronic chzlrxteristics_ including 
non-polar (Apiezon IM. polymethylsilosanr PMS-lOO)_ electron donor (1_2_3- 
tris-(2-cya~loethosy)propa~lc. polydirthylenc &cot phthalatc) and rlectron acceptor 
(diglyceroi, polyethylene glycol 2000) phases. The positions of the points correspond- 
ins to amine retentions on the Bro\vn triangular diagram serve as characteristics of 
the donor-acceptor properties of nitrogen-containing substances. The enthalpy of the 
donor-acceptor interaction betwren sorbents and sorbates has been calculated by 
analyzin~ the heats of solution of amines in stationary phsses. 

INTRODUCTIOS 

The method of characterizing donor-acceptor properties ofsorbatcs or station- 
ary phases by studying the gas chromatogrtlphic behaviour ofsubstances on three types 
of stationary phases with diRerent electronic properties. namely on non-polar, 
electron donor and electron acceptor stationary phases. was introduced by Brown’ in 
1960_ Aithough not widely used 3s yet. it has already shown its advantages in the 
identification of steroids’. alcohols and esters3. as well as in the choice of optimal com- 

positions for binary stationary phases’ and in the identification of hydrocarbons and 
their chloro-derivatives’_ 

Amines are aiso of great interest in such studies. Active hydrogen atoms :tnd 
an unshared electron pair on the nitrogen atom bring present in their molecules. the 
formation of hydrogen bonds is favoured through both hydrogen and nitrogen atoms. 
This paper reports a study of the relative donor-acceptorproperties ofamines and their 
affinity towards the formation of hydrogen bonds with electron donor and electron 
acceptor stationary phases. 
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ESPERIMESTAL 

.+?/m-f111.\- flIlLi (.0hm11_s 
Experiments were carried out on Grittin 3B and AGK-3 gas chromatogmphs 

\t-ith a thermal conductivity detector in the temperature range 100-200 under the 
conditions shtxvti in T:tbk I_ 

_ Non-poktr (Apiezon 31 and pol_vmethylsii~~~~t~e PMS-100)_ electron donor 
(polv~diethvknr gIvcol phthalate and 1.23-tris-(‘-c~anotthosv)propane) and electron _ i 
accspror (diglyceroi. polyethyfenc 2 Iycol 1000) phases were used as stationary phtiser 
(25 1’;,_ \Y/\v_ on Celite 545.4-l-60 mesh. modified \\-ith 0.5 I,‘;, of potassium ftxdro.xide)_ 

S~hru~rc-c5- _wrr/id ford oc-c-m-aqt- 01. IIIc~L~~-LI~L'III~?I~J‘ 
Mono-. di- itnd trialk_vlaminrs (n- and Ixt-C2-Ct2)_ aIipfwic diamines and 

amino rtlcohols. aromatic amines and nitrogen hettrocycles of the etf~~iet~it~~it~e. pyr- 
roiidinc. pyrrolc. piperiditre. pyridine and I _4diazine series \vere studied- 

ICetcntion indices and specitic retention volumes \vet-e determined according to 
Kaiser”_ The maximum error in measuring the retention indices calculated according 
to Takks and Krtilik’did not exceed ;::4 unirs”. The accuracy of determination of the 
hrrtts of solution was t0.I kcalfmolr_ 

RESULTS ASD DISCUSSIDS 

The retention indices obtained for the amino compoundSS \vere used for cal- 
culatin~ fractions of retention indices for a combination of the three (non-polar. 

electron donor and eIecrt-on acceptor) colun~t~s. The caIct.tlation is based on an equ:t- 
tion suggested by Zarttzir ~‘1 o/_“. The retention index Frxtions obtained were plotted 
on a Bro\vn diagram*-‘. 

Such a diagram for a system ofphnses (Apiea~n M-polyethylene glycol 2000- 

polydiethylene gIycoI phthalare) is shown in Fis. I _ On this triangultlr diagram. each 
amine is characCerized by a definite point, the Iocation of which is determined by the 
total electronic properties of the substance and its degree of interaction with each of 
the stationary phases. As ~11 of the substances studied possess considerable polarity. 
all rhe points are grouped in the lo\ver part of the triangle. Therefore_ in Fig. I and 
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subsequently_ only the part of the triangle that contains points corrcspondinp to the 
amines is sho\vn_ 

Primary and secondary amines can act as borh clccrron donors and electron 
mxptorr. depending on the media_ Therefore_ their position \vith rrspecr to [he sym- 
metry alis passing through ths N-q-xx (Apiezon hl) is determined bv the comparrnive 
streqths of the donor :md acceptor phrrs;es used_ In the ctse presented in Fig- I_ poIy- 
ethylene glycol. which has \veak acceptor propertiss, xts as an electron xceptor 
phase_ Hence, in these circumstances. aniinrs sho\v mainly elsctron acceptor activity. 
and their retention points tend toivards the electron donor phase va-trs D (polydi- 
ethylene glycol phthtklte)_ As the donor--acceptor property ratio within ths hornolo- 
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gous srrics of the compounds studied remains constant, and the poittrity decreases 
with moIecular size, the points lie on the straight lines dircctcd toward tht N-apcs- 
Homologues of &her mofecuku- weight are situated higher, corresponding to the 
increase in the content of the hydrocarbon moiety. 

The highest proton donor activity was observed in the cttse ofpolyfunctiotlal 
aIiphatic :mlines (ethyI~ncdiamiIle, diethyIenetriamine and amino alcohols). They also 
possess the highest polarity of the substances studied_ 

Within the system studied. ciectron donor properties \verc found to be most 
pronounced in tertiary alkylamincs_ These a-e the onIy compounds that have corre- 
sponding points shifted towards the acceptor side of the Brown diagram. As a large 
proportion of their molecular weight is due to the alkyl radical. the tertiary amine 
points arc situated closer to the N-apes of the diagram thtln are those of other molc- 
cuies and they are in the vicinity of the centre of gravity of the triangle. 

The points correspondin, ‘3 to mono- and dialkyfamines are distributed along 
straight Iincs that pass through the centre of gravity of the triangle to\vards the N- 
apes. Weak electron acceptor propcrtks and the presence of electron donor oxygen 
atoms in the moiecuIes of polyethyienr x $vcof 2000 account fbr tfir refativc locations _ 
of the straight lines of the mono- and diafkyfamines. A greater aCnity towards this 
stationary phase is obsrrvcd in the case of primary tunines. 4nving to their structural 
specificity_ which favours interaction through the unshared electron pair (\vith the 
hydrogen atom of hydrosyfic groups in poIycthylene ~fycof), as well as through t:v.\‘o 
hydrogen atoms (\vith the ether oxygen atom of the phase). 

The donor-acceptor properties OF saturated six-membered nitrc+cn hctero- 
cycles basically correspond to those ofdiaIkylrunines_ The fwterocyclc points lie in the 
vicinity ofthe straight line corresponding to dialkyfamines. but are sflifted dowmvards 
oaing to their higher polarity. The proton donor capacity slightly decreases in the 
order piprridinr 3’. pipcrazine :r- morpholine. The proton donur properties are 
strongest in the three-membered heterocycfe ethyleniminc. \vhereas pyrrolidine (five- 
membered) tends more to\vards the electron donor side_ 

In 1 similar manner to triafkylamincs_ N-substituted fxtcroc~cles form a group 
ofpoints situated closer to the centre of gravity ofthe triangle in comparison \vith other 
amines. owins to their Iow polarity_ AI1 cyclic :imincs of 311 aromatic nature 
(homofogues of aniline_ pyrazine and pyridinc) are distributed along ;L common 
straight fine. The points of unsubstituted aniline. pyrszine and pyridine lie lowest. 
followed by those of methyl and dimethyl derivatives, \vith the points correspondins 
to N-K-disubstituted nnilines at the top of the line_ The vertical position of the line 
indictttes approximately equal donor-acceptor pr4Jperty ratios of all of the substances 
stud_ied_ As moIecules of cyclic amines contain nitrogen atoms with dilferent degrees 
oT substitution and electronic conligurations. it may be twumed that the donor- 
acceptor interaction in the system is determined not by the nitrogen atom. but is 
probably due Iargeiy to tfle aromatic ring. Similar beh:tviour has been observed \vith 
phthafic anhydride, which tends towards the formation of~donor-acceptor compfcses 
G-it11 aromatic hydrocarbons_ 

If. instead of polyet hyfene g fycof 1000. a stronger electron acceptor such ~1s di- 
gIycero1 is used. the distribution ofthepoints that characterizcamine retention changes 
(Fig_ 2)_ As before, the points are situated in the fo\ver part of the diagram. but their 
even distribution with respect to the vertical symmetry usis indicates both proton 
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Fia* ~_ 1_ Comparxivr retentions of nitrc~~~n-coutainillg conlpouIl& on pol~InrtIl~lsilosltn~ PXIS-100, 
&+cerol and pol~dirlllylsnc gl~cal pl~tl~date at 130’. I 1 Ethylaminc: 2 =: propyk~niinc: 3 m:: 
htL&lrtmine: 4 L= ttm~laniine: 5 =: hept~hninr: 6 L-Z dieth~hninrr 7 = dipropylamine: S L= di- 
bnt~iamine: 9 =- tripropylamins: IO := trihut~lan~ine: Ii = ctl~~lenrdi~n~inr; I2 = N.N.N’.N’- 
t~tr~t~tl~~lrtl~_vI~nrctianli~~e: 13 :- zrhylenimine: 1-l -m-. pyrrolr: 15 == I-nietliylp~rrolc: 16 == 1.5~di- 
nirthylp~rroler I7 -: pyrrdidinc; 1S - I-m~~h_vip~rroIidin~: 10 1.7 pyridiner 11 =: 2-m~tli~lp~ridiIl~: 
22 == 2-m~ttl~lp~riciiri~; 13 = -Lrnetl~vlpyridine: 14 ; 2.3-Jimrti~~lp~ridiuc: 3 =-7 2.-?-dinwrhyl- 
pyridinrr 26 = 1.5-climeth_vlp?ridine- . 27 =: 1,6-dimcrhvlp~ridiil~: 2s .== Z.~,6-triIneth~lp~ridine: 29 ::. 
piperiditw: 31) = I-tn~th~lpiperiditi~r 3 I := I-cthyipipcridinc: 33 = morphulinr: 31 _-: p\-raziner 
35 = nwthylp\-mzine: 36 -= I-rncrh-lpip~r,tzinr; 37 I-rtlI~lpip~r~tzinrr 3S --- 1 .~-cfietll~lpip~r,l~iI~~. 

donor and proton acceptor proprrtirs in :tirninrs_ It should be noted tfut the distribrt- 
tion ofthr points corresponding to trialkylamincs has not chiinged essrntially, whereas 
the proton acceptor properties of dialkylarllinss art’ m-a-e pronowcc’d Cth respect to 
diglycerol than those of monoalkylaminrs. in accordmce \vith the b&city of the 
substances of thssc ssrics. The prevalence 4 proton acceptor properties cm also bc 
observed with saturatsd nitropcn-co:ltailliIl~ hrtrrocycks. On the other hand. aromatic 
kterocycles behave as electron acceptors when involved in donor-acceptor interac- 
tions with polydiethylene plycol phthalatc. 

The electron donor properties ofarnines art‘ even more pronounced in ;t system 
containing polymcthylsilostu~~ PMS-IGO as non-polar. di$ycsrol as electron :uxeptor 
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and I .2.3-tris-(2cvanoetllo~y)propaneas electron donor stationary phases (Fig. 3). The 
points that char&terize the retention of all substances are positioned closer to the A- 
apes (di&ceroI) and the interaction is strongest betlveen di_glyceroI and primtlry 
amines_ Compounds that contain ;I secondary amino group (dialkylnmines and 
saturated nitrogen-containing hererocycles) produce points that lie along the straight 
lint directed towards the N-apes, electron donor properties being more pronounced 
in nitrogen heterocycles. Only a slight chttnse \ws observed in the donor-acceptor 
properties of trialkyIamines and N-substituted heterocycIes ns compared with other 
systems of stationary phases_ Pyridinc and pyrazine homologucs IXII :~lo!~g p~~lld 

straight lines_ the pyrtlzine base line (with a more pronounced electron donor function) 
lying closer to the A-apes (diglycerol)_ The proton donor function was more pro- 
nounced in eth~ienedirm~inr and pyrrole compared with other amines. 

0_s4 0.14 
A 032 0.36 0.40 0.44 0.40 0.52 

(,4,3-rRtS-(2 -CVANOETHOXY) PROPANE 
as4 D 

Fig. 3_ Comparative retentions of nitrogen-containing compounds OR pol~n?eth~isilostlnr PhIS-100. 
diglycerol and l.L3-tr~-(2-c_vanoethos~)propane aI 130 _ Compounds are numbered as in Fig. 1. 

The results obtained show that amine donor-acceptor properties vary. 
depending on the nature of the stationary phase. The positions of the points corre- 
sponding to amino compounds on the Brown trianguku- diagram a-e characteristic 

:rnd can be used successfully for identitication purposes. For group identification. it 
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seems to be more expedient to plot homomorphy factors ofnmines on the triangular 
diagram, thus excluding the efkcts ofthe hydrocarbon moiety’-3_ As can be seen from 
Fig_ 4, each homologous series is characterized by :L single point on the diagram. 

M 
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An attempt uxs made to establish quantitative characteristics for the degree- 
of donor-acceptor interaction betlvcen nitroee-n-contaillin, tx compounds and the sta- 
t*ionary phases. 

Heats of solution {vet-c calculated on the basis of the temperature dependence 
ofthe specific retention volumes of amines_ which is linear for Apiezon M. polymethyl- 

silosane PMS-100 and polyethylene &co1 2000 in the ratig 120-200”. for polydi- 
ethylene glycol phthalate in the range 120-l SO” and for diglyceroi and 1_2_3-tris-(2- 
cyanoethosy)propane in the range IOO-130’_ The enthalpy of donor-acceptor inter- 
action \\ns determined as the difference betxveen the enthalpirs of an amine solution 

in the non-polar stationary phase on the one hand and in the electron donor or electron 
acceptor phase on the other. This so-called “method of two liquid phases”‘. used fix 
the evtiluation of donor-acceptor interactions, is not absolutely strict. Firstly, it as- 
sumes equality of the dispersion forces of the interactions with non-polar and polar 
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phsstx which is by no means always the case. owin_g to the different sizes of the 
molecules of those phases_ Secondly_ this method gives only an estimate of the total 
enthalpy of all specific interactions_ Holvever. when applied to substances that belong 
to the sx-ne class (a-nines). the method produces results that can serve to a certain 
extent us a comparative characteristic of donor-acceptor interactions. O\ving to the 
moderate polarity of the sfationtrry phzrses used in our experiments, it is reasonable to 
espect hydrogen bonding to predominate in the interactions and its contribution to- 
wards the total enthalpy of sotution to be of decisive importance. 

The differences in the heats of solution of aliphstic amines chrlracterizing the 
heat of hydrogen bonding are siven in Table II. 

T-ABLE II 

Ethgltlmine 
wProp~lamine 
Dr-Butr_lamint 
Am\-(amine 
Hept~laminc 
Isoprop~lamine 
Isobutykmiins 
srq_-Butyhminr 
wrr_-Btttylamine 
Dicth~lrtmine 
Dipropyktmine 
Dibut~Iaminc 
Tricthyhmine 
Tripropylcuninr 
Tribtttylaminr 
Eth~tentxiiaminr 
1 ;I-Propykncdiitminr 
K,~.N’.~.-Tetr~n:etli~l- 

eth~lenediamine 
X.~:,K’,N’-T~tr~etli~I- 

ethylenediamine 
Dieth_vIenrtriamine 
Ethanolamine 

I-Xminopmpanol-3 
I-Aminopropanol-2 
I-_Aminopropanol-I 
3-Aminobutanol-I 

- 0.6 

- 1.7 
- 0.7 

PI&S 

- 75 -_- 

In interactions Gth electron donor stationary phases, amines act as proron 
donors, and hydrogen bonds thus formed Gth 1.X,3-rris-(2qanoethosy)propane are 
stronger than those with poiydiethylene glycol phthalate. Thus, we obtain 6-7 

kcaI@ole per hydrogen bond between ttmines and 1 ,3.3-tris-( 2-cyanoethosyjpropane. 
whereas the sz.m?e bond with polydiethylene glycol phthalate gives a value of only OS- 
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1-O kcal/molc_ The strength of the hydrogen bond increases in amints in which the 
amino group is positioned at the secondary carbon atom, and reaches a maximum 
value at NH,-substitution at the tertiary carbon atom. It should be noted that with 
dialkylamines that are capable of forming only one hydro_een bond of the 
N-H - - - - - -O(N) type. the enthalpics of the latter amount to S-9 kcal/mole_ Increased 
interaction forces between 1.2.3-tris-(2-cyanocthosy)propnne and dialkyl&ines_ 
compared with those of monoalkylamines, at-e represented by the mutual positions of 
the straight lines on the Brown triangle correspondin g to the respective series of sub- 
stances (Fig. 3). Tertiary amines, which m-e not capable of N-H - - - - - -O(N) type of 
bydrog~ bonding. ‘ -u-e characterizcd by the dillkenees in the heats of solution between 
1_~.3-tris-(I-cyttnotthosy)prc~pane and the non-polar phases. amounting to 4-h 
kcnljmolc. This value is probably caused by strong dipole-dipole interactions between 
the sorbent and sorbatc ~nolec~~les. Such a phenomenon is not obscrvcd with the less 
polar polvdiethylenc glvcol phthalatc_ On the other hand_ tertiary amines have a 
slightly greater heat of solution in the non-polar stationary phnsc. This csttmplc 
shows the drawbacks of the method of using t\vo liquid ph:~es for cvttlutlting the 
cnthalpy of donor-acceptor interactions. as one obtains only the total value of the 
latter_ The true cnthalpy of the hydrogen bond is lower. about t-3 kcal!mole_ con- 
siderins the high polarity of the cyanoethyl ester and :t significant contribution of 
orienrtlrion forces. 

Amines act as electron donors \\-ith respect to the electron acceptor stationary 
phase (diglycerol) and form a hydro~cn bond of the N - - - - - H-0 type. The cnthttlpy 

of this bond in both primary and secondary :tmines is considerable (9-10 kcaljmole). 
exceedinS that of the hq-dro%en bond with polydiethylcnc glycol phthalare and \\-ith 
I .2,3-tris-(l-cy:tnoethosy)prop:tne_ Ii-the electron donor nttturc of the stationary phase 
is less pronounced (polyethylrne #ycol 2000). the cnthalpy of the h_vdro~en hond is 
also lwvet-_ 

Table III she\\-s the cnthalpics of the donor-acceptor intersctions bet\vccn 
c_vclic nitroecrl-contaiiiitl~ compounds and the stationary phases_ The maximum dif- 
krence in rhe interaction \\-ith electron donor stationary phases was observed \vith 
aromatic heterocyclcs_ probably owing to the formation ofa donor-acceptor comples. 

The cnthalpy of the N-H - - - - -0 hydrogen bond between 1_2_3-tris-(2-cyano- 
cthosy)propanc and pnl~~dictl~ylcne glycol phthakttr on the one hand and saturnred 
nitrogen heterocycles on the other amounts to O-10 and OS-1 kcal,!t~~ole, respectively. 
just 35 with alkylttniines_ \vhererts the enthalpv of the donor-acceptor bond bet\vscn 
I .1-S-(‘-cvatloethol~)prupane and N-substituied hctcracycles is only 2-3 kct~l/mole, 
and with pol:dirthylcnc glvcol phrhnlatc, ;ts kvith tertiary amines_ there is no hydrogen 
bonding at all. The enthalpy of the N + - - - - H-O hydrogen bond type \\-ith di$q’cerol 
is rtpprosimzttcly the same as iti tllipliatic amities: at-omstic heterocycles (hotiiol0~ucS 
of pyridine, pyrazine and especially pyrrolc and its derivatives) at-c charrtcterized by 
lower enthslpies of the hydrogen bond owing to the presence of an unshared electron 
pair on the nitroSen atom in the aromatic sextet of rr-electrons. A similar ch:rnge in 
hydrogen bond strengh is observed with polyethylent _ glvcol 2000. escrpt that the ef- 
fects are less pronounced. These results show that the difkrcnces in the heats ofsolu- 
tion of amities in the non-polar stationary phase, on the one hand, and in diglycerol 
and polydiethylene glycol phthalate on the other. are npprosimately the same for cor- 
responding types of- hydrogen bonds and depend only sli$itly on t!w geometry snd 
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TABLE 111 

DIFFERENCES IN HEATS OF SOLUTION OF CYCLIC AMINO COMPOUNDS IN POLAR 
-AKD NON-POLAR STATIONARY PHASES (kcalbwle) 
hbbrevirtrions as in Table il. 

SItl~StC7tICC P-_-f 

Erh~lenimine 

PyroIidine 4.3 
I-Meth_\-Ip_vrrolidine -?_I 
Pyrrcle 6.3 
I-blah> Ipyrro!e _~ 3-4 
2.5Din:erhylpy-rolc 46 
Piperidinc ._ 3-s 
I-Xlethylpiperidine -- 1.5 
I-EfhFlpiperidinc -1’) -__ 
Pyrrdmc 2.4 
7-Merhylpyidine 3-i 
3-Methyipyridine ~- 3.0 
4--hlcthylpyridine 3-i 
Z.j-Dinteth_vlp_\-ridirlr 1-s 
I,tDimerh~Ipyridine _ 2.6 
25Dimcrh>-ipxridinc _. 7.4 
Lfz-Dimerh_vipyidine - L-z 
Z-4.6-TrimeihxIpyridine 1.3 
Pipcmzke :6 __ 
I-~let~~~lpip~mzinr .- ‘-1 
I-Ethylpiperazine 2.1 
I.4Diethylpiprmzine - 0.5) 
1-(2-_~minorih_l)pip~r~ine xi 
P~razinr 35 
!UelhyIpyxzine 7=i -__ 
Trirth~lene-dhn~in~ 1.1 
Wwpholine -- 3.6 

P-S 

1.6 
; 1.1 
. 1 1 -__ 

-- 0.9 
--- 0.7 

0.0 
1.0 

- 1.4 
I -0 
I.2 
I_-? 
1.5 
0.Y 

- I.2 
1.3 
0.9 
0.9 
2.3 
I_-l 
I.3 
0.5 
3_-i 
1.1 
l_Y 

- 1.6 
7.-i 

C-A C-S 

- 7.2 

--. 13.0 -. 17.3 
-- 3.3 -- -3-l 

-- 10.’ - I I .o 
- Y-S -- 10.7 

- 9.1 - 10.6 
-- s.7 ~~- 9.0 
_. -3-Y ~- ‘-4 
_ 7.5 .- 25 
--- 12.4 -- I’_9 
-- 12.5, -- 12-l 
-- 11.7 -- ii.1 

12.6 ~-- 11.1 

11.7 Il.4 
ii.1 -- 10.1 
Ii.2 .- 10.’ 

-- 10.2 9.5 
10.1 9.2 

IO.0 Y.3 
10.6 - Y_Y 
2.6 7.1 

-I’.R - Il.4 
I’_7 17.5 

polarity of the moleculrs. This supports the view that donor-acceptor interactions 

actsally play a dtxisivc role in intcrmokcuiar attraction. Henct nw;w1rt‘iwnts of the 

differences in heats of soitttion adequately charactcrizc the hydrogen bond cnthaipy 
of sorbates with the sivrn stationary phnsts. 

In the case of 123tris-(2-cyanoethosy)propane_ an important part is also 
played by other specific interactions_ and the dilkenccs in heats of solution charac- 
tcrizc o&y the total snthrhpy of interaction. 

Points corresponding to the retentions of amino compounds have been found 
to form separate groups on the Brown triangular diagram in accordance with the 
donor-acceptor properties of the compounds and the degree of their interactions with 
the stationary phases_ Electron donor properties are most pronounced in polyfunc- 
tional amines (ethyleneamines and amine alcohols). and electron acceptor properties 
are strongest in trialkylamines. The degree of electron donor and electron acceptor 
activity of amines is strongly dependent on the donor-acceptor properties of the sta- 
tionary phase. 
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The characteristic location of the points corresponding to the retentions of 
arnines can be used for identification purposes. A diagram can be used in which are 
plotted fractions of homomorphy factors of amines for group identification. 

Analysis of the cnthalpy of donor-acceptor interaction shows that hydrogen 
bonding with electron acceptor stationary phases is most typical for amines. Other 
types of donor-acceptor interactions,apart from hydrogen bondin,. 11 have been observed - 
with electron donor stationary p!lases. especirtily in the case ofaromtttic amino com- 
pounds. 
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