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Polymers in Energy Conversion
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Table 1. Conversion Among Different Energy forms Excluding Nuclear Energy

To .
Mechanical Thermal Photo Electro magnetic Chemical
From
Simple machine ) Tribo- Piezoelectric Reverse
Mechanical ] Rubbing . )
like a lever luminescence effect mechanochemical
External Com- Temperature  Thermal Endothermic
Thermal . ] Heat pump o o .
bustion Engine radiation electron ejection reaction
) . Laser . )
Photo Photochemical Photo absorption Photovoltaic Photosynthesis
fluorescence
Electro- Electro- )
. Motor Peltier effect . Transformer Electrolysis
magnatic . luminescence
. Internal com- Exothermic Chemi- Chemical
Chemical ) . . . Battery )
bustion engine reaction luminescence reaction

* FFaletrlgd ARrnEzt 4474 (Nakjoong Kim, Fiber & Polymer Synthesis Lab., Korea Ad-
vanced Institute of Science & Technology, Seoul, 131, Korea)
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Table 2. Roles of Polymer Materials in Energy Conversion Devices as Sensors

Energy conversion

Examples of polymer materials

Mechanical — electromagnetic

Piezoelectricity, sound pressure — electricity conversion in

microphones, and pick-ups (poly (vinylidene fluoride) ete.)

Thermal — electromagnetic
Photo — electromagnetic

Switching device by means of plastie thermistor
Imaging system by photoconduction

(poly (9 ~vinylcarbazole) etc.)

Ionizing radiation — photo
Photo — chemical
Chemical ~ mechanical
Chemical - electromagnetic

Detection of ionizing radiation by plastic scintillator
Imaging system by photopolymers
Hair-hygrometer

Various sensors with functionalized electrode or

enzymatic electrode

ot oluiziAske] EEE 2A FAAL 5+ U
o},

Foll Az 1Al gzl 2oz A7)
2 Aol iz 2 ARA e FAHL o] AF
s3ox A5 o] 4% FAA, FrAUE
5ol M fUY £ANE AT Yo 2
Holl& LEXEEA 7L o] 89 HEAE Fo)
A7 e ZEAA RS} sk 22 g7} ok, o
A ge] A gl chall 2 2}ESE Lol
HEld dFEALH o]F AARHY JFL
olo] g U7 UUYSE2 o] Rell A& A9
3t712 &oh

2. HBO|UZ| = 7| ALK &g

S Y g2k pH, 4% %, FA4TF
o wte} §8 E9} AbE 2ok 277 Db A
Heh, 282 o] Hel§ ol &3l Ity
228 Z1A Aol Y229 MRo] sh5sict
o 5ol poly (methacrylic acid) (PMAA) ¢}
FL 72 A HE £ o] §4 9 carboxylic
acid 2| Wbk F3AAE 200007k F7b b,
glycerol ol v} poly (vinyl alcohol) (PVA)2 7}
2 A7 poly (acrylic acid) (PAA)+= Z3AE
o =g} 277k 300 %74 Hslgcoh o] AL
SHE U o] A4 RNES wild] o g a2bfo
vzl dstell 7lalste A4S 7b53ct

L PAAAAE T3 59 459 HyEe)
o BFAle F499 dzlrtol el delAo
Cu'} Ca'l Mg'l Ag*59 o2 PAAE 1%
A1 A 918 FFo] 2A] dojude}. saAal
Ca’* ¢} masking agent3] EDTA-Nadg w2t
o} 7}sts, PVA-PAAAFE oldlae} %3
AL AL} o] AL A A 59 5
3 a5 Ul ol YA LA £
F oleA B T4 ATA AT EA7Y A
A Folet A% =}

—COOH COOH Ca**
COOH COOH EDTA-Na

Abst - IS g ol €Y +E Aotk vinyl
acetate2} N-allyl-barbituric acidS Z3§4)
7] alloxane copolymer &+ 4t3}-3t%ld] =z}
FTE5 -3 EE g

E3 dxol o AT Wl 3t 4%
=3 go] ol gl o] &Y +E Yo}
Collageng 5~6M2| LiBr ol gtzu oF
8 %4 ¥3l+%Fo| dejuie olgigk oz n

Polymer(Korea) Vol 10, No. 1, February 1986



CH, =('3H+CH,=(%H radial

polymerization
(|) CI:H’ oxidation
(I:_OO C/N_ \=O hydrolysis
CH CH
3 \ / 2
I
H O

— +CH1—?H'7T—6CH1‘CH+m
I

OH CH,
|
/N-—C=O
\ _OH
0=C Z
\ / ~OH
N-C
Il
H O
extended form
(alloxane)

Pusmmtend -(-CH,—CH-);—(-CH,-—C‘H—)—...
|

water or diluted solution

Fig. 1. An example of a mechanochemical engine
with a collagen(crosslinked with formal-
dehyde) driving belt. Diagram of the de-
vice. A-B distance : 20.0cm, R,=3.44cm,
r’ =3.05cm, R,=3.55am, r=3.15cm,
(LiBr)=11.25M and 0.3M. Then, the
system is driven at a rate of 40 r.p.m.
without load for 1h. The maximum out-
put is 0.03W (g collagen)~! (From [. Z.
Steinberg, A.Oplatka & A. Katchalsky,
Nature, Lond., 210, 568(1966).)
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Fig. 2. Contraction of PMAA film by temper-
ature change. A PMAA film (10X23 mm,
4.7mg in dry state) with a load of 190
mg is dipped in(1) 70ml of pure water or
(2)70ml of aqueous polyethylene glycol
(mol. wt : 2000, 0.015 unit mol dm™?*)
solution. (From Y.Osada & H. Saito,
Nippon Kagaku Kaishi, 173(1976).)
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Fig. 3. Photocontracting behaviour of poly (ethyl
acrylate) crosslinked with spiropyrane.
film thickness . 0.48mm, width : 5.5mm,
7 @ load 18.5g(25TC), O : load 26.8g
(27C), aL/L : elongation ratio(from G.
Smets, Pure Appl, Chem., 42, 518
(197%).)
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OEt

(b}

Fig. 4. Change of molecular interactions due to photoisomerization. (a) The balance between hydrophobic
interaction and Coulombic interaction changes(the negative charges . —COO? etc.). (b) Change of
dye absorption to polymer due to isomerization of the azostilbene dye stuff (from R. Lovrien,
Proc. Natl. Acad Sci.,, USA, 57, 237(1967).)
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Table 3. Rate of Thermal cis—trans Isomeriz-
ation of Styrene-vinyl-N, N-dimethyl-
aminoazobenzene (9 : 1) Copolymers

T
Copolymer structure Half life recovery(s)

Solution Film

@@-)-N=N-{)-n(cH), 150
& ON=N-{D-NCH), 15 7
|
®

Source . from H.Kamogawa, M.Kato & H. Sugiyama,J.
Polym. Sci., A-1, 6, 2967(1968).
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Fig. 5. Schematic expression of photosynthetic reactions. PQ : plastoquinone, Cyt f : cytochrome f, PC :

plastocyanin, Fd : ferredoxin.
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Fig. 6. Electron transport across a thylakoid membrane and an H®concentration gradient outside and in-
side the membrane (from K. Shibata, Kagaku Sosetsu, 12, 68(1976), ch. 4, Fig.20).
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Fig. 7. Electron transfer sensitization (a) and energy transfer sensitization via either the triplet (b)or

singlet (c) state.
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Fig. 8. Role of antenna pigments. (a) energy transfer in chlorophyll (this does not mean that the pigments

in the thylakoid membrane are arranged regularly).

(1976) ch. 4). (b)

(from K. Shibata Kagaku Sosetsu, 12, 57

Energy migration in synthetic polymers (non-directional). (¢) Energy migration in

micelles (non-directional). S : sensitizer segment.
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Table 4. Conductivity () of Various Poly-

acetylenes+CH-),

Substance c@ ™) at 25T
cis- (CH)x 1.7X10™*
trans- (CH)x 4.4X10°*
trans- (CH (HBr) 4.0¢)x 7X107*
trans- (CHCl, 42)x 1X10*
trans- (CHBr, o5 )x 5%10°!
cis- (CHI, 45)x 3.6X10*
trans- (CHI, 32)x 3.0x10*
trans- (CH (AsFy) 4 e )x 7X10*
trans- (CH (AsFy)e10)x 4.0X10*
cis- (CH(AsFg) o4 )x 5.6 %10
trans- {Na, 5 (CH) )x 8Xx10

Source : C. K. Chiang, M. A. Drug, S. C. Gau, A. J.
Heeger, E.J.Louis, A.G.MacDiarmid, Y.W.Park

& H. Shirakawa, J. Am. Chem. Soc.,100,1014(1978).

7z 4 JAE Foln Zieglar-Natta Fo] 2
coating® ¥b2-£ 7<% acetylene gas& 5.9
A7) E44e g Zhe(filmZ2 2 polyacetylene
+ 9t o2l 714l dopantdl =& polyace-
tylene2] "X 4% Table 4o }elyc},
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polyacetyleneol] Z4l-% AF3AF | F2=

(1) 222 100 '"em' A2 =TT Z+e
¥z} filme] Aol 4F3H5o,

(2) molding T2} 7l 2lsl Hsle =279t
FAY Fodgt A filme 2E + AL
=,

(3) dopant &} FHoll w2} p-typeA T £+ n-
typed £ 2 ZAY + UX,

(4) dopant &} okell =t} A E &S 10°~10°Q7"
em™t Afololl 4 EAHo| st53dtH,

(5) A FAG AEFo| 420l WAY + 3

Table 5. Conductivity Per Unit Weight

t} (Table 5).

polyacetylene& ubgkZF ebslm 49} nlxlr} x|

z
Z electron-donar | 7|%
9] 7]5-& %ol Zt31 Y+ m-conjugated system
22 pnlyacetylene membrane® & =z=z}o|F
sensitizerA| £ ¥ & utE4 9o Fig. 99k 7
o] Alste} 39 2E FelAA + Usk. =
polyacetylene®| absorption spectraz} solar
spectrast A YA gtcte ol mahe oA
o|c},

3} electron-acceptor

o, after correcting density

Material Density d(g em™®) o(l'am™) o/d(en’ Qg
Cu 8.92 5.8X10* 6.5X10*
Au 19.3 4.1x10° 2.1x10*
(SNBr, ()x (single crystal) 2.67 3.8X10* 1.4X10
Fe 7.86 1.0x10* 1.3x10
{SN)x (single crystal) 2.30 3.7X10 1.6x10*
Hg 13.6 1.0X10* 7.4X10!
cis- [CH(AsF;)¢14)x 0.8 5.6X 10 7.0X10*

(polycrystalline film)

Source : C. K. Chiang, M.A.Drug, S.C.Gau, A. J. Heeger, E.J.Louis, A.G.MacDiarmid, Y. W.
Park & H. Shirakawa, J. Am.Chem. Soc., 100, 1015(1978).
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Fig. 9. Proposed electron transport membranes to separate oxidizing and reducing sites. (a)a model of
a thylakoid membrane with a phospholipid bilayer. (from M. Calvin, Acc. Chem. Res., 11, 369
(1978). (b) A system with a semiconductive polymer membrane.
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5- 2. Polymer-supported catalyst

bsAe] EFHE FYA Aade Tus
= 2l AAlAQl Aol 4 efokad g o &l @
2 Aol AlgoiAgtet. wjokd ) FHSell 4
Aol a7k efodoll L =joll 23t std=o] 2
sholl A= Qo ol Eeld FAAE
7l endothermic photoisomerizationdh3-& o]
£5ted BiofalixE AR YHE Atk

hy

A B -

photoisomerizations o] 83}7] $la A

(1) A9 F3x7 AHoksl™ solar spectrum 3}
d 2] ghet,

(2) A~BAIZES] oF2ta &o] Frt

(3) Ast Be| F3w7t chEc},

4) dH .5 >0

(5) B7} A&oll 4 kA3t dojub Fal sl 4

Table 6. Energy Storage by Endothermic Photoreaction
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Fig. 11. Material and energy circulation in nature.
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