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Abstract: This paper reports the results of an FT-IR and NIR study of N-me-
thylformamide in carbon tetrachloride solution in presence of ethers as the O-
-electron donors, i.e., diethyl ether (DEE), diisopropy! ether (DiPE), methyl t-
-butyl ether (MtBE), dibutyl ether (DBE), dipentyl ether (DPE), tetrahydrofu-
ran (THF) and tetrahydropyran (THP). The spectroscopic characteristics of the
N—H---O hydrogen bonded complexes are given. In addition, the equilibrium
constants for 1:1 complex formation were determined at 25 °C using Mid-IR
and NIR measurements.

Keywords. hydrogen bonding; N-methylformamide; ethers molecular complex.

INTRODUCTION

This paper is a part of continuing and systematic investigations of secondary
amides in solution from both spectroscopicl-© and thermodynamic’® points of
view. In the case of ethers, numerous measurements of the hydrogen bond for-
mation constants have been reported.10-13 This study should contribute to a bet-
ter understanding of N-H---O hydrogen bonding of N-methylformamide (NMF)
with ethers. It seemed interesting to perform experiments using two different
spectroscopic techniques: Mid-IR and NIR.

EXPERIMENTAL

N-Methylformamide (Frinton, >99 %), and carbon tetrachloride (J. T. Baker, >99.9 %)
were used without further purification. Diethyl ether, dibutyl ether, dipentyl ether, tetrahyd-
rofuran, tetrahydropyran (Fluka, >98 %), diisopropyl ether (Carlo Erba >98 %) and methyl t-
-butyl ether (Riedel-de Haén >99 %) were redistilled and dried prior to use.

* Corresponding author. E-mail: jovicb@ih.ns.ac.rs
# Serbian Chemical Society member.
doi: 10.2298/J5C1002157J

157

Available online at www.shd.org.rs/JSCS/

2009 Copyright (CC) SCS




158 JOVIC et al.

In order to avoid self-association, the amide concentration in the carbon tetrachloride
solutions was below 0.0030 mol dm3. The concentration of the ethers was varied between
0.20 and 1.0 mol dm3.

The Mid IR and NIR spectra were obtained using a Thermo-Nicolet Nexus 670 instru-
ment. A DTGS detector was employed in the Mid-IR measurements and a MCTA detector
cooled with liquid nitrogen was used for the NIR measurements. The samples were placed in
1-5cm (IR) and 10 cm (NIR) UVIRSIL cells and the spectra were recorded at 298 K. The re-
ported frequencies and half-widths were reproducible to within 0.2 and 1 cm-?, respectively.
The integrated molar absorption coefficients were obtained within £5 %. The equilibrium
constants were determined with an average relative standard deviation of 6 %.

RESULTS AND DISCUSSION

The hydrogen bonding between N-methylformamide and ethers can be repre-
sented by the scheme givenin Fig. 1.

//o
DEE-R,=R_ =CH_CH,
H—C R, DBE-R, =R =CH_(CH,),
\ / DPE-R =R =CH_(CH,),
N—H:-0 DIiPE-R =R =CH(CH)),
/ \ MtBE-R,=CH_, R =C(CH),
THF-R=(CH,),
H3C R, THP-R=(CH,),

Fig. 1. Hydrogen bonded complexes between NMF and dialkyl ethers.

The equilibrium of NMF—ether hydrogen bond formation can be represented as.
M-H+A -5 M-H---A 1)
where M—H is NMF monomer, A is an O-electron donor (ether) and M—H---A is
the molecular complex. In the case when the electron donor is present in excess
over the amide concentration, then:
0

K =M @)
CmCa

Using the Becker procedure,14 the formation constant was determined from
the absorbance of the monomer band:

O —
Ko A 0A 3

ACA
where A0 is the monomer absorbance for a carbon tetrachloride solution con-
taining cf\),, , mol dm3, of NMF and A is the absorbance of the same band for a
solution with both NMF (C|(\)/| ) and ether donor (CR ). The spectroscopic characte-
ristics of the monomer (free) v(NH) band of N-methylformamide are given in
Tablel. NH) and vy, are the wavenumber and halfwidth of the band, respect-
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N-METHYLFORMAMIDE-ETHER SYSTEMS 159

tively, £ and BO represent the molar absorption coefficient and the integrated ab-
sorption coefficient, respectively. The characteristics for the band of the corres-
ponding first overtone are also given in Table I. In addition, the, IR and NIR
spectra of NMF monomer are givenin Fig. 2.

TABLE |. Spectroscopic characteristics for the monomer (free) v(NH) band and the corres-
ponding first overtone of N-methylformamide

Vo(NH) /cm'1 vy [ ol ex103/ cm? mol-1 B%%<10°% cm mol-1
3466.1 12 74.9 33
6792.8 32 17.2 0.6
040+ 3466cm’
0.35 4
0.304
0254
< 0.20
0154
0.10 4
0.05 4
000 T T T T T ]
3300 3400 3500 3600
viem'
0.30 4
0.28
0.26
0.24 4
< & 6792 cm’”
0.20
018 4
0.18
0.14 1 T 1 1
8600 6700 6800 6900 7000
v lam’

Fig. 2. IR and NIR spectra of N-methylformamide monomer in CCl, solution, in the regions
of the N-H stretching vibration band and the first overtone, at 298.15 K.
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The IR spectra and the first derivative NIR spectra of NMF in the presence
of different ethers are shown in Figs. 3 and 4, respectively. The spectroscopic
parameters for the N-H---O molecular complexes obtained in the IR and NIR
measurements are summarized in Table I1. The equilibrium constants from both
IR and NIR experiments are givenin Tablelll.

7/ DBE
7

3300 3400 , 3500 3600
v/iem

Fig. 3. IR spectra of N-methylformamide in the presence of seven different
ethers at the same concentration.
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Fig. 4. First derivative NIR spectra of NMF in the presence of different ethers.
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TABLE Il. Spectroscopic parameters for the N—H---O hydrogen bonded complexes obtained
in IR spectroscopy

O-€lectron donor Aviem?l yyp/em?l ex108/cm?molt B%10°6/ cmmolt
Dibutyl ether 101.3 83 73.3 8.2
Diethyl ether 99.0 71 88.5 8.5
Diisopropy! ether 106.5 92 202.8 234
Dipentyl ether 102.6 77 62.3 6.7
Methy! t-butyl ether 1135 71 116.8 115
Tetrahydrofuran 101.8 75 97.2 929
Tetrahydropyran 102.9 75 96.6 10.7

TABLE I11. The equilibrium constants from both IR and NIR measurements

K/ dm?2 mol-1
O-€electron donor R NIR
Dibutyl ether 0.84 0.76
Diethyl ether 1.23 1.11
Diisopropy! ether 0.85 0.97
Dipentyl ether 0.92 0.79
Methyl t-butyl ether 0.72 0.99
Tetrahydrofuran 1.44 1.56
Tetrahydropyran 1.22 1.27

The obtained IR spectroscopic parameters clearly indicate N-H---O hydro-
gen bonding between NMF and the ethers.

The stability of molecular complexes increases in the order: MtBE < DBE
DiPE < DPE <THP < DEE < THF. The differences in the stability of the N—H---O
complexes for the five studied dialkyl ethers can be interpreted using the Taft
equation:1®

logK p9g =10gK Sgg + po* +Eg (6)

where Kggg represents the formation constant of the complex with dimethyl
ether and o* and Eg represent the inductive and steric factors for the alkyl
groups, respectively. If logKogg is correlated with both o* and Es, a good
correlation is obtained:

logK 59 =0.2+0.2800* —0.182Eg, R=0.95 ©

Several investigators10-13 obtained equilibrium constants for hydrogen
bonding between phenols and various (cyclic and aiphatic) ethers and they
established that donor-acceptor interactions are sensitive to both steric and induc-
tive effects.

In order to determine the possible contribution of the charge transfer mecha
nism to the associations in this study, the correlation between donor ionization
potential, Ip, and the function of the frequency shift, (1/AV)Y2, was examined.
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162 JOVIC et al.

Puranik and Kumar,16 based on the Mulliken perturbation theory,17” proposed a
relationship between Ip and (vy/AV)V2. For the same acceptor and a series of
electron donors, the relationship has a simple form:

1%
Ip=Ci(-2)"2+C, ®
Av

where 1y is the frequency of the NH monomer band; C; and C5 are constants for
a given acceptor. The plot of Ip vs. the experimental (1y/A1)Y2 for N-methyl-

formamide—electron donors (except MTBE and DPE) isgivenin Fig 5.
9.55—-
9.50—-
9.45—-
9.40—-

9.35 +

Il eV

9.30
9.25

9.20 [¢)

9.15 , . , . ; . , . . ,
5.70 575 5.80 5.85 5.90 5.95

(V/Al/)1/2

Fig. 5. Plot of I vs. experimental (15/A1)Y2 for N-methylformamide—el ectron donors.

The following equation was obtained based on the least-sgquares treatment of
thedatain Tablell.

I =1.444(Z—0)1’ 2,098, R=0.99 9)
|4

The linear relationship between the donor ionization potential (Ip) and the
function, (vy/AV)Y2, indicates that the charge transfer mechanism significantly
contributes to the hydrogen bonding in the studied systems.

A comparison of the equilibrium constants obtained in this study with those
obtained for N-methylpropionamide—ether complexes®6 showed that the cons-
tants for N—H---O hydrogen bonding in NMF—ether complexes are significantly
higher. The difference in the stability of NMF and N-methylpropionamide com-
plexes with ethers can be attributed to the more expressed steric hindrance in the
latter complexes.
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An attempt was made to estimate the equilibrium constant using Eq. (3) ap-
plied to the monomer first overtone. The equilibrium constants from the IR and
NIR measurements agreed quite well.

U3BOJ

N-H---O BOAJOHMYHA BE3A. FT-IR 1 NIR CITIEKTPOCKOIICKO UCIIUTUBAKBE
CUCTEMA N-METUJII®OPMAMUI-ETPU

BPAHMCJIAB JOBUR', ATTEKCAHIAP HUKOJIME !, ERNA DAVIDOVIC? u CJIOBOJIAH ITIETPOBUR®

Iﬂpupobno—/namemamulmu paxyaiuei, 21000 Hosu Cao, 2 Lavoslav Ruzicka” Pol ytehnic of Vukovar, 32000
Vukovar, Croatia u 3TexH0/zomlco—Melﬁa/zypm}cu akyaiteia, 11000 Beozpao

3a kapakTepu3anujy ocoOnHa MOJIEKYJICKHX KomIniekca N-meTmindopmamuia ca cemam pas-
JIMYUTUX eTapa npaheHe Cy MpoMEeHe Ha OCHOBHO] BaeHTHO] (uctexxyhoj) tpauu NH Bubpanuje u
Tpauu mpBor Bumier ToHa. OapeleHe cy CHeKTPOCKOIICKE KapaKTEPUCTHKE W KOHCTaHTe (opMupa-
wa 1:1 monekysckux komiuiekca Ha 25 °C kopumthemem FT-IR u NIR Texnuka.

(IlpumibeHo 7. mapTa, peBuaupauo 3. centemopa 2009)
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