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Abstract The purpose of this article is to bring the attention of research communities in China to the
universal properties of relaxation and diffusion in a variety of complex systems with interactions. This
remarkable universality has been brought out from experimental findings in inorganic,organic, polymeric,
bio-molecular, colloidal , metallic,and ionically conducting systems with diverse chemical structures,and in
various physical states including crystalline, glassy, liquid, molten, mixed., and hydrated, and with
dimensions ranging from bulk to nano-meter size [ K. L. Ngai, Relaxation and Diffusion in Com plex
Systems. New York:Springer,2011]. The universal properties originate from the many-body nature of the
irreversible processes, which are governed by some fundamental physics related to classical chaos
originating from the anharmonic interaction potential. Recognition of the universality not only benefits
research in many different fields, but also makes clear that many-body relaxation and diffusion in complex
interacting systems is an important and unsolved problem in physics. Although it is neither a rigorous nor

complete solution, the author’s Coupling Model has given successful predictions about the universal
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properties of relaxation and diffusion, many of which are anomalous,in various different systems. It can be

used as a stepping stone in the construction of a rigorous and fundamental theory to solve the problem,

once and for all.
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UG B M I o, 52 B
S B IX 2t R A T LB VR R R 20 A AT AE I
Mo FiRR P —HEEHRRA . XK FIER
[FIAEE TRATREME R, JG B4t o & 54 15
SR AT e B I T A
] ottt e S b JGOB-2E b R R R T
MBRD, fifi i} [8] 38 10 2R 4 i o S5 FY 375 FR K1Y o 25
Hy 5t 2 A B ) B AT DLAF 5 (D) SURT 45 A9 Kohl-
rausch ¥ R EOT 2, HRE K BERUE L, (T) k4l
k. JE 45 % Kohlrausch J5 2 H # REL »n (T) A L.,
(T) . #BJ2 MBRD BZ5 5. n (T L, CT) (% (H B
TR 531 18] B AR BLAE R 515 O DL R i 22 B . 4
AT ARXE T Lo (T) 2 (CT) 345 55 IS 56 v 3R
A 100 H ) 77 2% R Pk 22 TR i G vy X LR 4G
H— e, R W ]G B-45 1 5h # & MBRD i 72 1)
—HR5r 5 o SR A T o3 HO i X
T B I A (RN T S b

(DS A e st BOtig ok FHRIEE & T T,
AR EY) o Z5FY S0 TR S TG B-45 A8 st B A7 AE 1) SCHK L B 5T
(1 B 3% LA IE =R COTP) , D- 1L AL (D-sor-
bitoD) il Fl i ik — Fi 3 2 Bk (CDE 5 KDE). #f 58 &
R o G IR Z X BE P RETE AR T TG B4
stb T X I 1 R e g o

(2) i3 G AR A o, PRIFAZE, A HE
R AE—ADTEH T M P A4 EHE N, A b
Bl o, /o . SR U 4 P 2
4 B F M L (dipropyleneglycol dibenzoate) , % B #
— 5% Tl (benzoyn isobutylether,BIBE), & &
K45 K H il BE (polyphenylglycidylether, PPGE) ,
RE LR IS (polyvinylacetate, PVAc) , SUEY A
I E H B (diglycidyl ether of bisphenol A,
DGEBA)M™Y , DL B 28 1 3 F IR A = 35 P o 3 1Y
FLBK MK Bk (trimethylsilylmethylimidazolium) » PU 55
15 £k (tetrafluoroborate, [ Si-MIm ][ BF4 6, 3
TN B SRR E AL BB TG B-S5 M st RN X T S
5t . B 4 HSi-MIm [ BF4 B AEFE X — %00 . X+
DGEBA., 8] 5 i id 75 —Ff 7 sUR B T 3X — 0.
TESF R B B AR R B T, O[] 1 18 5D &b, o AN
A8 T %€ XN ©, (T = 10s I B , 7] I 35 55 e
SR P, T N 7, (P,) =10s I} iy HE 58 A [F) %500
TE B — B 53 1Y BB AR v Rl A A A, b A 4% =
T Ak g (tert-butylpyridine, TBP), M Hf ng
(quinaldine, QN) FI 2% Z #& 19 1K 2 ¥ (oligomers of
styrene) RGP, B 6 W8 T =% M (tristy-
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USSR, B E P=0. 1MPa, T=253K & F Y4
SECRCHFR YRR B, T [, W 00 R 20 (0 22 02 4 8 48 SO Bk
BRI R L AR 4G 0L 45 5 5 F P =0, 43 4 [ R T AR 7. 4%
PR 7oy o B n WUAAE P L H ob 9 20 8500 43 500 6 LR 61 75
=T W IR T MR R 25 218K Al 208K, 4L (520
] . 7% i 2 R B A 263K HLJE 3R 43 33 24 300MPa Fil 500MPa [y
HOR. W Sk R A T A o O 1 B log £ L TE 2 TS
P P9 L AR 5 R 2 BORT RE 1Y B S 7R I 2 — B o)

OTE—SK R, ]G B4 B AE T, IR JE DL

I .- 41 % (2012 £ )5 B

http://www. wuli. ac. cn

5 DGEBA [ o 1 JG B-25#4 3t 7 B 7] 5 IR B A 38 19 56 &R
B0, B B8 T 0. IMPa Hl 400MPa T st # i 8] B 35 5 (14 728
b A 2 293K 1 283K T gt 74 A ) i 1 5 A 25 Ak, 55 B 3 e
AR BE Ty 5055 BB AR RS, Py SR . (T = . (P =10s
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log/f, ). i BNk 7R 7o A 0. 7s FIGLRE RO B9 56 R SE 2 R J 4

BRI bR B0 A L AR B B SR X R Boww=(1—n) =0.5
TRT, MR EE DL R AR B O B, O 7 B G A
. 3TN I L B IR A7 T
T, siBfJE Arrhenius XA 7E T, M2 L5 E
1) S B P AR i TE AW A AF R oo B TR 58 A 22 1R
AN o, BRI A B T, YesE
T, 500 o WA JG B AT o 4
SBTRAFAEMAT K FR . X — SF] L2 254 GHl B FR A i
SO A RIESE. B 7 WOR T i B AR
o B« MO 5 T, — 226K A BT B2 L 208
WY IG BAT IR B S A R OR T A (D E T,
AT Ak, T, LA B ERT T, AR #7224k,
e FHA B — 1053 B RS TE A b, IS 2R By, —
TCHE Y R — HENY B 8 R T SR O
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WOERERT T, WD .. — T XEMFE
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10 Ak i B A B3
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1000/T/K!
7 AESAAEIT R IR c SIE T WXRI K
RIE Ty S UL JG B-F -3t 2 0 (] (4 Arrhenius & &R, o fth 7
T EW A VETH ARk BLA. TR E & F Ty B -t B it )
7y (R0 S D WA . ELTE i Ak 5 R i B T [ o (2
) A 1A

T:logo(z,/s)~3

B8 4RO 16 B9 =T REMEBE (TBP) =28 2 Ctristy-
rene) AT A LB S IR T B9 R D S B o 46
Ho I I Ae, 25 OB TG B4HI I PRI Ae . o8
S RV 5 . T I 4T LB R IE T, £ 211, 5K,
AL Ae  BEIRE AR M0 2. B A0 AR o 4549 Tt R A P 3R
Ae, 5 A HLE
B, o, DU o3 PRIHE. SR T, X T 2 3 5P K
T o, T LAARAS 1Y, 53K B8 6% 3l o T R 400U
Jr TR RS T, LUR L E, BT ¢
MG BE Eje. ABBRAYE, 9 Won 2 D I0E g Z )
HAE—ERFR Ec=U—nE,.

(5) 5256 2 BT B 8 I AR 1) — A~ 3 47 . B
eTIRE TR P AUATR YV 1<, GBS H— A>3 5
LA TV 78 5 09 7 Bk 3R v 2 MR RR IR 2=
. Q1R Sy - ] A RE v HE TR BB S5 A 18] B A RE R AL
r oy RS T p/3 16 o AR </ BAR
AR R4 7 IR TV AR 9 pR AR X AR
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B9 JG B-5th B AE 5 AT G AR B A S BRI RB 9 G
RO R T AR R G A SO/
REY THLRMAEARR Y. L2 B R & (K R 5
H50.9940.01)
PRECH UG (a/r)?— (/)" ], WG FEEE N 6,
MHEFFEE p 1€ 8,12,24 F1 36 A4k, 52525
FAW) & L) Lennard— Jones WA 7E 1E i X AN
T SRR Y TR X T LR B DL o7 /T 78 6 1) 2R
—PRA. TSI AR R Ry BRERT
p/3 A B A, W p=36 (y=13.4 Fl p/3=12).
p=24 (y=9.1F1 p/3=8), p=12 (y=5.0 Fl p/3=
1, P p=8 (y=3.5 M p/3=2.71). vy T r. M
e Z N HE R B U G e 3230 30 K 0k 8] 19 1 55
1M 715 4% —.JC Lennard — Jones Y 4 H 5 KB 7 1 (8]
B XoF o7 ok ¥ YR A ) A [l 4 A bR S0 1) 2 v . TR
T r<lo<lr,, X8, [B] K /N T —JC Lennard — Jones
W AR A RORE - B 3 5 TR) . Gk e A TR B, R
THFRH U MR IFE I o S5 50BTE. o 51505
W T 2R R R ROBE. PR I R — MR
B EREKHS o /T 2 R X8k TG B-5th B 2 B 5k
ARSI AT TV 1« (8 7o)l S 2R 8y 24
A R B A 2,
AR AR IR A BEEE JG B-5th 78 1 3 2 R ik kAT
W2 R, SN EZ A NN TG B BB,
5 o BB A H BT SR, Hrp — 25
WA NH A — L.
OIS G B IR, anfw] o 5, XF A
N2 B RORN R 2 AT 25 (T, P i # Al 8 ok,
(D]IG B-5th 4 e 0% S W 3¢ 15 B 2% v 1) 45+ A2
1M o ZE RS WA TT DL, R o, dEH 2 K. i s
=L HEF L] P Joule ZEEIR KT T
TR A A i B B B AR, B[R] 1844 4F 4 A &
1882 4 12 H , Iy} 38. 5 415190,
(OIG B-5th H P i B 5 v AL 00 30 19 B 4%
U HA R T2 Tl AR % A BE 45 1 S
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T B R0 B 1k A & S 2 ) AR R

(DTE ]G B-it ¥ F 2 () 35 L 8] 9, e 5 43§
HB PR AE5E . 581 3Ny 2E AT S 3 B Sk e 1 AN B AR
RAGE A — N AUNCL). 76 T, &SLL T, 7657
A AR 8 5 AR X — AR AR 3 3l AE AE T
HARER Goetze LA 218 (mode coupling theory)
KR ZIR R E VSRR T.(~1. 2T s UL B
MR IX. LY A B o 4T NCL KB R B R E
JG B3 Fg L 7E 1 B, JF 4 1R T NCL. NCL #y5i E
SR BE Y SRAL TE T, Abth 2 A B AR X BT
TR B A A L g SR B N iR
T NCL 5 JG B-5th A7 D BR 1 1.

4 A [EMEZF MBRD ¥ & 45 4 By
1] F Fn 57 ]
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S Al B 5 R0 AR SR A 2 AR A R SR S
“ IO FH AR 5T B 5 Y T BERT B AR R R BF 5T Al 1)
RIEE AR By, 3 4 (] 00 55 A1 RHRE 2% A 2 0 LA
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[ R Hp 7 5 4 [ 3 — O a5 PR oA T X 4 40
) 3 BEAT R # S B B0 AR BAE A AR & i MBRD, H
R AU 2 [ R A5 AR T 0000 1 S A 2 3 1Y L e —
AU N — E BB T o9 — Gk, it T — 2
ANTRIMA Z2 i MBRD 3538 4 F5AF (1) 6130 A0 7 A
4.1 BHATHERESYHEME

AR A Y — M2 8 o F R T I B 4l
BCEE IR 25 4. JG -t R R T X8R GE B A g, i
a Bk g R T REZEZ AT EMESREWH
o 128 JE— 4~ MBRD [0 85, 5 41 3R A 90 B 55 92 B
A MRAZG. BREW PSS —DERREM
S ALE] S TR A BE K R B B M BE R K
i, B A 2 28 45 S Ok L B 1932 sh iR W K H s 1Y iz
By, Uz T A e RS TR R AR L 3 R A B4R AR
Z MBRD 55 — A~ 35 6. SR 100, BLA Y 32 9 38 X
TSl Sy A LR H P A A 1 8 B T [ A
TECH DU ] (Y A 0 A4S B i e IR 32 . X R iz
SHALEE R =+ 4 PLAT DeGennes $2 H 09, 1M J5 8% Doi
A Edwards #F—25 0 T, 3% B 0 W00 45 18 B A
U IE M S B A R AR Y. AR [ AR L B O LA Gt 7
Y BOASRE X N MBRD #e i (9 R¢ 24 L it UAH B.A/E
P Z i MBRD 475 J2& A oK 1 ) 8, 40456 24 28 1) 23R &
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Y X AR AT BEAR o 2R 5 0 Rk 0 0 9 3 AT Ak 2 LA
A R A Y A — SR AN ALEE , 4 ¢ Y
32 Bl 51 A A I s R LR AT BR R AL
X B & B I 0 AT i . L b R S R R L &
FE R i, BECIR R S W AIRZ 53 3 AR
B Y WO B AR 4y S ATURE 1 B 43 S5, T AR
B EEAR R G Y. R X e R AT — E Y
B AR A AR 22 B ) B A o ST LR
VRS Wb B IH 20 25 LURE TS S SE T i 4 25
ANBE fife B T U %€ 3] 1 vk BE R A bE R AR AF R
UV SRR Y FROR R A A R RE S W
M2 45 5 0 B AT 2 30t 2 oL 2 45 B IR 2R G P R kG
S R
4.2 #HY

o] 2 1sf 2 SC T R AR B T L R 25 Tk P OE
B R AR A He S A S R A 5
SRR A B 25 R RS TG B R AE 2
Wb R AAAE R, B A K 2 B 3 38 8 1A A [ Y
Rtk IS5 S5 R OCHE. B 7 R B A I 2R B
KU TEES T, W, 5B R K0T H AL B
BT A, FCARAR L PE BT 50 8 B R LR 1Y = | S5 AL
1) FE A it B Bf 1) 7, A — 0. E A 25 9 0 o8 A5 2 9 A
181235 S5 A% At B SAE 22 45 BT ] DC AR L T 2R 9 A0 Ad BE G
TR A BT ARAE 25— FER H E UYL i Y K
WL BTG Bt iR 5 AL TE B R A G, i L
Xof 3K — 1 R A TR DR S 24 Tl AR W E L A5 B
TR A2 R i B .
4.3 WMKULEY

BAORE W H I RS L FUBE L L ARE R AL b, R
B S S Y A P, TR B R (R 2R
Wb eI 4z DA R 2- i 4A-D-#%
B> )RR DNA Fil RNA 4 IR B FEA BT, —
ity C A bRl | R AR R0 22 25 M) A A= W O B R0 AR A B
Serpofy EEAE L IF HORE 2SR A W AE Al S B AR
L AR R L DO 2- B 48-D-4% B A B ER 2R
B AR — AN IR RS R TR O B R R T v R
IRAA , 2B F AR 3C 3.3 558 (2O A hIFie 1Y o &
P 5t AT . X F D-AZBE AT 2- i S-D-A% B L 00 )
KRBT, Foot B s [R] 5 R 5 A 780 v 3 58 1 SRR ot
P )W) A AR AR AT I s SR B, R R U
(U )5t T 5 — PR B TR A R I AR L, IR 5 o 254
ST A7 AE G, P UL R X SE Y TG Bot R X
MBRD (135 355 14 0 3 38 7 722 1) A JHUAT 1) 44 of Bl &0
A W 1 s — 25 Bk 52 AN
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4.4 K,KBERMEKEBR

KR I R E AR . TR R AE Y
KA KRR EERN, FEK S BRENANT . T
A IR K T B KV VRS A A PR AR S RV B S K AR
FHB o 2595075 . L KR 5 9 I RK S8 FH
UG LE R 5t T4 7K o0 1 Uk G 45 4 i 74 i 8] 7 7E
T, VLT B 5 EJE Arrhenius KR TG MEAE 40—
50k]/mol {u il H &2 TEm T T, W, Bl i 52 A2 A W
LW EZR ST 3.3 5 HE () I AT HE B A [ B 5 T8 A
R—FE 10 5 T — A, 30wt X6 K R &
ARRHEA Y. BB E A, AEIRE S T T, B
i 7 82 A A AR 5 B L KT AR BRI K L K R
FS A ) 5 FEBAFAE K I JG B-3h 74, B 5 o 451
i R O R AT — MBI R iR R KA
& R T L Ay T A5 A R B I S TR B ) 2 A R
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R T B8 2R 25T (S0 B 28 0 [ 3 0 XS 1L o AL B-SLTR. 55 2%
J& VETH AR IA 250 S U2 Arrhenius IA 450, T H LR
BT 7o =1000s T X5 RE AR D 5 € b) o 1 B- S0 s A9 A
SRR E Ac SIREE T M9 R BRiRSE 10 HIFD
IRAE R K& TR A ) D g bl 3 O HE AR
W o & 1 B 3 1 52 47 o 5K 5 SRS A
Mossbauer St i A AR AR+ 7 BN BF 58 % BL L 3fPE
SREEIE LT expl — (u* (T Q" J, Hh Q BHUH &
i, (Gl ()28 B UK AR T 3 J5 (255
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