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Rubber Elasticity in Thermodynamics Courses
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We have constructed an apparatus by which the temperature of a piece of rubber is measured while it is stretched
or allowed to shrink. The length of the rubber piece and the tension on it are also measured. Resulting data represent
the mechanocaloric effect in rubber in which the entropy behaves as a conserved quantity. Its transfer between the
conformational and thermal degrees of freedom allows quantitative determination of the entropy of deformation to be
made for the polymer material. The explicit change of the mode of entropy is useful in introduction of the entropy
concept in thermodynamic course. Construction of the apparatus and its operation are described in detail for those who
may take up the subject in a thesis for a bachelor’s or higher degree, Possible uses of the mechanocaloric method in
soft matter research are also discussed.
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Fig.1 Temperature change of a natural rubber sample upon
deformation, Red pluses: elongation, green pluses: contraction,
Blue diamonds: Joule’s 1859 data [ref.7].

LT —% (F7A~v—7) TIIHEROREEF L
VAR OILE T AR, ZOEICOVWTIIRET S, ¥
2 — VR &I CIRIER CIREA L2572 k2T
Do FNILLEP S D LREEZNT /R TH LD
LR, 2 ODF —F O X Wn—F 13 1850 4EHIC Y = — b
Mo F oz AFX—THIFTEITLE 2013 FITKRRKOL
BIETHA LIz RMZIER U HFRAER R 2R L
T EEEWT D0, JUEAIRCAUEEE, oo A%
KB3HD 5 20T, ZITIEMBROBER LB N TNDEA
96



FriE — BOIE L #F

HEBIKRICONWTIE, ¥ a— /WKW ERR O,
BREVERT 2V, [ OIRPUE Z B CE iR R & 15
TW5, E7MifiatoER LIREORREZ EROZONTHE
BRKIRIET S Z EI2L - T, AR ?S%Té“étﬂ\
Sz, BEORES (7« VX NVELER) (XEVEX

DORBHEBEL LTHET S0, /J—wiﬁfktf
HETDZEICE > TEBEEBZOTHD, MLDOEE
%%ofﬁf@ BIREBMN A2 2L, Ya—NE2i35h

IS Z DIRESREN G LN T T TH DN, ThTHHE
DOEBRFERITEL RELORH D, 728, Figd 1TV 22—
NOAEMEZRTD, For OFERTIERE/MIREICHEY
T 5,

4 NERENRDATEE

ﬁA@ﬁ?ﬁiﬁ%1%®%%ﬁn%®@%%%%
FEAMBE LTOITLOEELL RN ITHI
7z, oD :n%@ﬂnf%,mm@ﬁﬁimbf@éom
L, B AOREZRE LoD, Bhz5zTHESYE
5 IR MR ORIE N S SRR E NS,
MEEE SRE FROBOBBREFHNDHELITHON
7o 1P W R A ARRE A HERE IS L T BVR A IEMEIC T E T
L EbTb TV, ¥

TN T A ERLEHONME KL S8, TE LT
FHEIEICH DB flio CHEEAELZ LA TR L, A
L, REtO T LT =T EZB I EMIEL, BHEAIHECHIE
T 5, TLDMPRNET —7 22722 >D~—7 OEDIE
HEE LTHIET S, 20 & XA HRESITTLT—
ORI A TZBEXN THET 5, 29 LTHLILDIED,
EX, BEXEEND 3 OB —RHDOF—%TH 5, 01
DFIEE LT T a V7 HESRORHRI/E - 7223,
Eit~A 7 aRrL MMaEmEg L T v — bRt a7 0 U X
NVEBEFE AV aicEES A, Y KBTI AL
CEDICEREIN A4
%Eé%@fuy&E%ng_ﬁﬁ ¥, it
L% 9 A EHIBM O BGE G H R TH D2, ZhbAa 4
—F v b ETHERY Fbh T D

Sample Area

[—~—"~"~"7"="7"7

L

| Ref. !

; S. |

g T

1 Ska +5V 2 2y

| — 2

X o T’L%E »r4l

|

| — o 210EQ ks =]

I [N

| Ho. i — &
-5y

| -

b Temperature

é Controller
L—

Fig.2 Block diagram of the apparatus.
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Fig.3 The upper part of the apparatus showing the sample, its
triangular support, coiled thermocouple wire, clip, and
centimeter scale, covered with a transparent box. One of the two
fans and two fins separating the front and rear halves of the
sample space are also shown.
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Fig.4 The entire apparatus with the thermal insulation jacket
removed.
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Fig.5 Temperature rise and fall of PDMS rubber undergoing
elongation and contraction.
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Fig.6 Temperature of PDMS rubber increases irreversibly as it
is deformed repeatedly.
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Fig.7 Temperature of EP rubber returns reversibly to the
original value as it is repeatedly deformed.
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Fig.8  Entropy of a linear chain of one mole of (+/-) arrows vs.

its end-to-end distance.
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Fig.9 Entropy of elongation of PDMS rubber and the best-fit
calculation, ref.17. Nu = 202.6 is the number of monomers
between adjacent crosslinking points.
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Fig.10 Energy Density of PDMS Rubber vs. Elongation.
A: Mechanical Energy Density

B: Thermal Energy Density

Both are relative to the free state.
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Fig.11  Temperature vs. time curve for natural rubber

undergoing elongation and contraction to 4.37 times the free
length. 7= 30.0 °C.
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Fig.12  Temperature rise (A) and fall (B) accompanying

elongation and contraction, respectively, to 4.28 times the free
length for a natural rubber sample at 30.0 °C plotted against the
waiting time.
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