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Fig. |  An inverted honeycomb-like structure expands horizontally
(b)when stretched longitudinally(a}
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Fig. 2 A model example of hydrogen bonded self-assembly centipede-like linear polymers
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Fig. 3 Optimized structure of hydrogen bonded self-assembly

centipede-like linear polymer
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Table 1 Poisson ratios of hydrogen bonded self-assembly centiped-iike

linear polymers "

N Yy Ve Ve Ve Ve Yoy

3 -0.1902 -0.0552 0.1841 0.0865 0.1180 0.19i3
4 -0.2576 -0.1182 0.2024 0.1742 (.2882 0.5405
5  -0.1560 -0.03% 0.2361 0.0417 0.9292 0.5957
6 -0.3378 -0.,299 0.0789 0.3128 0.0662 0.2963
7 -1.0923 -3.7437 0.1156 0.2565 0.3908 0.2530
8 -0.2635-0.4456 0.0540 0.3083 0.0762 0.2576

" N is the number of benzene rings on the backhone chain
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Fig. 4 Two main kinds of starting conformers
a) A constrictive starting conformer;b) A patlous starting conformer
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Fig. 5 A model example of hydrogen bonded self-assembly centipede-like polymers with two legs on the same side chain
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Fig. 6  Optimized structure of hydrogen bonded self-assembly
centipede-like polymer with two legs on the same side chain

Table 2 Poisson ratios of hydrogen bonded self-assembly centiped-like

linear polymers with two legs on the same side chain”

v v | Vi Yy v

Lk = ¥

0.0281 0.0293 0.0940 0.1077 0.0739 0.0814
-0.4196 -0.4706 0.1688 0.4161 0.0550 0.1208
-0.3745 -0.6491 0.0830 0.2478 0.1078 0.1857
-0.4847 - 1.2921 0.0574 0.4014  0.1017 0.2668
-0.4068 - 1.2510 0.0593 0.3055 0.1418 0.2376

-0.3058 —1.3881 0.0213 0.1000 0.0763 0.078%

00 ~1 oo & | S

" N is the number of benzene rings on the backbone chain

Fig. 7 An example of double-arrow-like organic compound model
with multi-phenyl beam structures
Table 3  Poisson ratios of self-assembly double-arrow-like molecules with

multi-phenyl beam structure ”

N Yy [ Ve Voo Vi [

5 0.0032 Q.0044 0.1B60 0.2411 0.0823 0.0804
6 —-0.3097 -0.1584 0.1212 0.0923 0.0281 0(.0419
7 -0.2744 -0.2142 0.1933 0.1825 0.0420 0.0508
8 -0.3153 -0.4930 ~0.0078 -0.0122 0.0105 0.0106
9 —0.2296 —0.2588 0.1616  0.0937 0.1542 0.0793

* N is the number of benzene rings on the backbone chain

Table 4  Poisson ralios of self-assembly double-arrow-like molecules with

alternate phenylacetylene beam structure ™

14 ¥

? y r 2y
-0,1853 - 0.1040 0.4426 0.2102 0.0837 0.075t
-0.1909 -0.1282 0.2126 0.0950 -0.2004 -0.1334
-0.4810 - 0.5032-0.0742 - 0.0659 - 0.0976 - 0.0828
-0.1791 -0.1866 0.3664 0.1138 0.1906 0.0568
—-0.1920 - 0.4884 0.2069 (.2253 0.0664 0.0284
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" N is the number of benzene rings on the backbone chain
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Fig. 8  Optimized structure of hydrogen bonded self-zssembly of
double-armow-like molecules
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Fig. 9 An example of double-arrow-like organic compound medel

with alternate-phenylacetylene beam structures
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Table 5 Poissan ratios of self-assembly single-arrow-like small molecules

with multi-phenyl beam structure”

N o4 Vi Vo Vas Vyz Vou

2 0.1172 0.0866 0.4606 0.1856 0.2313 0.1257
3 -0.0357 -0.0206 0.4341 0.1722 0.1346 0.0645
4 -0.1782 -0.2750 0.3139  0.3801 - 0.0447 - 0.0351
5 -0.1849 -0.3380 0.2364 0.2497 0.1093 0.0631

6 -0.1265 -0.1797 0.5214 0.3610 0.2007 0.0979

* N is the number of benzene rings on the backbane chain

Table 6 Poisson tatios of self-assembly single-arrow-like molecules with

alternate phenylacetylene beam structure

N Loy Vi Vg Vi Vi Yoy

2 -0.2726 -0.0823 0.0900 0.0649 0.0332 0.0793
3 -0.4171 -0.5550 0.0245 0.0165 0.1818 0.0920
4 -0.2286 -0.2207 0.2315 0.1415 0.0108 0.0068
5 -0.0t96 -0.0741 0.0829 0.1504 0.2303 0.1104

6 -0.0285 -0.0997 0.0156 0.0283 (.1320 0.0683

* N is the number of benzene rings en the backbone chain
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Fig. 10 An example of single-arrow-like organic compound model

-
2

with multi-phenyl beam structures
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Fig. 11  Optimized structure of hydrogen bonded self-assembly of

single-arrow-like molecules
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Fig. 12 An example of single-arow-like organic compound model

with alternate-phenylacetylene beam structures
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MOLECULAR DESIGN OF SEVERAL TYPES OF
SELF-ASSEMBLY AUXETIC NETWORKS

WU Hongmei, WEI Gaoyuan
{ Department of Polymer Seience and Engineering , College of Chemistry & Molecular Engineering , Peking University , Beijing  100871)

Abstract Most materials will shrink or expand laterally when stretched or compressed, i. e. they have positive
Poisson ratios, but materials with negative Poisson ratios will undergo lateral expansion when stretched longitudinally
and become thinner when compressed. And materials exhibiting this novel and counterintuitive behavior, now known
as auxetic materials, have been successfully fabricated with many new applications . Currently, molecular auxetics,
namely auxetic materials at the molecular level, have become the most exciting endeavor in the development of
auxetic materials. In this paper,as new alternatives to the making of molecular auxetics, several types of centipede-
like linear polymers both with single and double legs on the side chain, single-arrow-like , double-arrow-like organic
compounds were designed as building blocks for self-assembling into auxetic network structures through hydrogen
bonds. The second derivative method is used to calculate Poisson ratios after doing molecular mechanics ( MM)
optimization. The results show that all these self-assembly networks can be arranged as inverted honey-comb like
structures and their Poisson’s ratios in at least one plane are negative and even the self assembly of small molecules
with special architecture may achieve auxeticity in some cases. Compared with many approaches proposed so far, that
of the self-assembly of both single polymers and single small molecules into molecular auxetics reported here is quite
novel. It provides a new route to synthesize molecular auxetics, which should be much easier than that for
synthesizing two-dimensional cross-linked auxetic networks. Yet its successful realization requires great experimental
efforts .

Key words Auxetic networks, Self-assembly, Molecular design, Molecular mechanies



