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Fig. 1 HMQC spectrum of nylon 11 in TFA solution

2.2 BE-BEGEHEE(T)EEENEL
REBDFHBPRE 2 THUERRH
FHWRIE 4 TREF#RE, #1350 8 8E
ARETE U1 2 B 4y T35 5, {H 30 B 304 7T LI SR 43t
A FEHEERFEUERREY B RN ¥
FATT B RMEABRKE RIS RENE
E RS BEFR TR 11 BB 293 ~
32K FHWHRE-GHBBQBEE(T,). AR,
HEBENR R, ERAMER 11 4FH T 8K, &
BRI T M0 FieshmRms k. SmEn 1.

{A #5940 F 3 B o (6] B AR O B 1) 25 4L B0 AR M 28 14
T HRMAMZL, , T, ERRYBER PR
ENFRBHENEEREHMIERTB F6
Wiz e 1l S EREBM Y FREER, Pk
FOntERAA RS BRI RARHEK
ERXHEBZHRRT -RGRY: 1 R
FreEg i KB R T REW5FHE M LA
ZWACBELRMERES B3 RZER 11 K
FAE-REBBREE (TN BEMKERE, ¢
RE®E T TRMEEANGES BEMRENBER
FAL (B 2)%) & 8o .

Table 1 "C and 'H-NMR assignment of the main
chain of nylon 11 in TFA solution
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—— NH CHp —CHy—CH;—CHp—-CHy -CH;—CH; —CHz—CH;—CH; ¢ ——
a B8 Y L] E 4 & r 8 a

8¢ &y
Numbering
Simulation Ref.[19]  This work HMQC
a-NH 431 40.0 4.3 2.62
8-NH n.7 28.8 30.3 0.46
y-NH 27.4 2.9 27.9 0.80
5-NH 30.0 28.6 30.2 0.46
e-NH 30.3 28.6 30.2 0.46
NH - - - 8.06
a-CO 34.3 36.8 35.1 1.81
B8-CO 26.0 25.7 27.2 0.89
7-CO 29.7 28.8 29.1 0.81
&-C0 30.0 28.6 30.2 0.46
e-C0 30.3 23.6 30.2 0.46
Cco 174.7 176.3 181.1 -
TFA {solvent) - - 163.2 11.52
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Fig. 2 The temperature dependence of nylon 1! T)¢ in the

solution
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Fig. 4 The temperature dependence of nylon 11 T3y in the

solution
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Fig. 5 Schematic diagram of hydrogen bonding in nylon 11 solution
{a) Hydrogen bonding among nylon 11 chains; {b) Hydrogen bonding

between nylon 11 chain and solveni molecules
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Fig. 6 The temperature dependence of the nylon 11 'H-

NMR spectrum changes in the solution
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Table 2 The temperature dependence of spin-spin relaxation times of the protons in trifluoroacetic acid solution of nylon 11 (the temperature keep steady

at 298.0 K)
¢ TFA NH H,.co H, .ni Hpi
(%) Ton(ms)* Tap(ms)* Tyu{ms)* Ty (ms)® Tay(ms) Pila) T,,(ms)® Tylms) P %)

5 724.8 26.35 66.35 102 8.53 29 119.7 27.3 16
10 523 .4 22.42 49.42 89.8 21.5 23 104.1 41.9 37.8
15 397.6 17.58 27.58 67.6 21.5 49 67.4 21.6 45
20 244 .7 14.15 14.17 55.0 15.4 67 57.7 15.7 64
25 101.4 10.75 10.75 28.7 6.81 74 31.6 9.06 77
30 66.14 8.79 B.78 21.6 5.60 78 26 6.7 75

* The spin-spin relaxation times fitted with a single exponential function

® The spin-spin relaxation times fitted with a hiexponential function

Table 3  The dependence of 'H-NMR chemical shift changes on
concentration ( the temperature keep steady at 298 K)
Concentrations
Orep L Fen o0
(F/W)
5% 11.28 8.48 3.05 2.23
10% 11.37 3.40 3.00 2.14
15% 11.44 B.26 2.82 2.01
20% 11.52 8.06 2.62 1.79
5% 11.55 7.61 2.20 1.39
0% 11.62 7.63 2.23 1.43
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NUCLEAR MAGNETIC RESONANCE RELAXATION
STUDIES OF NYLON 11 SOLUTION

GAO Hongchang, LI Conggang, MAQ Shizhen, YUAN Hanzhen, DU Youru
{ State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics, Wuhan
Institute of Physics and Mathematics . Chinese Academy of Seiences, Wuhan  430071)

Abstract An unambiguous assignment of the main 'H and " C-NMR resonances of nylen 11 in trifluoroacetic acid
solutions has been carried out by using a combination of 1D and 2D NMR heteronuclear techniques{ HMQC) . The
spin-spin relaxation time measurements at different temperatures and different concentrations provide information
about the detailed structure and the relative arrangement of the nylon chains in solution. The results show that the
temperature dependence of the relaxation behavior of nylon 11 solution is obvicusly different from that of ordinary
polymer solutions . With increasing temperature, the solvation is strengthened, i . e .the interaction between nylon 11
chain segments and solvent molecules is gradually strengthened. This leads to the dissociation of the hydrogen
bonding among the nylon 11 chain segments, and the interaction among main chain of nylon 11 is then weakened. As
a result the phenomenon of cohesional entanglement of the main chains due to hydrogen bonding among them
gradually disappeared . In these cases the solvent molecules come to bind the dissociated free CO and NH groups of
nylon 11 melecules. The main chains are coiled and aggregated with a shape of random clew with a part of the
solvent molecules included, making the motions restricted along with the « methylene protons of the CO groups
staying in the interior of this random clew structure . The dependence of the relaxation process of nylon 11 solution on
concentrations shows biexponential behavior, which suggests the existence of two states of the polymer. The fast
relaxation component rapidly increases with increasing concentration, it corresponds to the increase of the cohesional
entanglement of the main chain due to hydrogen bonding among the nylon 11 chains. This behaviour is related to the
increase of the cohesional entanglement points in a unit volume . With the increase of the concentration, the nylon 11
selution gradually becomes soft-solid-like.

Key words Nylon 11, Hydrogen bonding, NMR, Relaxation, Entanglement



