ANYIAENSNRALNDSLUDIAY

UNN 3 N15ASIVEVANHUSLANISVIINDALUDS

http://www.pslc.ws/macrog/kidsmac/basics.htm



NNSATIAADUANWELANZNAAYVOINDALLBS

3.1 myimhminluanavesnedfiues

6 O do

3.2 MIRTINABUNLNINYUNAAEY
3.3 NNSILASIEVFUURANIIAINNSOU



3.1 NM3InminlulanavaIneaues (Determination of molecular
weight of polymer)

iwtinlanandsuaznisnszaetminluanavemediueidmalagnss
ADANUANIINILAN

- UL LSS (Strength)

- AN (Toughness)

- lugaa (Modulus)

much lower molecular weight: poor mechanical property

much higher molecular weight: too tough to process



Absolute methods : anursavvinluanalaglsidesiisuiuans
D NDINIDANTUINTFIU
* NTIATIEIVIYUaT8 (End-group analysis)
® N15IAN1INTLLAVBILEN (Light scattering measurement)
* MsInanUAreaanil (Colligative properties measurement)
* nAtARARNIITUNININTU (Ultracentrifugation technique)

Relative methods: 79381989 UAITUINTTIU
* 115IAAUNLA (Viscosity measurement)

* anesiedulasulnas i (Gel permeation chromatography)



m'ﬁtﬂ'ﬂz‘iﬁm&iﬂmﬂ (End-group analysis)

® Absolute method
o Fuitmandflldlunsamiminluanaindslaesiuin (M,) veemes
wesnivyfleritunuasluana
‘/vinyl polymer : -CH=CH,
v ester polymer : -COOH, -OH
v amide and urethane polymer : -NH,, -NCO
\/UV, IR, NMR detectable functional group

* JATIZVNDAWBTNN . (20,000-30,000)
* M mtinluanaledenIen1sinmse azain $1g
(Rnef: nsasudvesdumiawas Janisualui Jadndlniln)



e Jasiin - doudunedwesiiiudunss

- ﬁwﬁﬁﬁ%’uﬁﬂmdmaﬂa
lerunedimesid M, fne (20,000-30,000)
NS LM@I@JL&H@W@@LM@?E’J’YJ"UU ANLLTNTUMLUAE AR
UsEANBAIMANTIATIENANAS

- 19935I5UVIA (nature)  voIMY ATy foagldidenaia
YabnSUs (titrant)  duAALADS (indicator)  Waz#Aavi
avanglmmnzaulunislnmse



1 v

A99819: N1IMUINTNLULENATBINDAWBTIAENITAATINLFAYIY FINT

Yy 9

ndnluanandsvaamadeluduingn 2.0005 nfu NlaaNn1sIATIsny
VanNIgnIun1shningaiu 0.0101 luans leidsulansenlad Usuins

15.40 cm’ 39099AEf T

HN —-R—C—H——R%

f (H




) . ) .

HO+C—R—C—MN—R'—MN—F/C—R —C —0OH

M

vyilenduiniangliianaanuisauisenlans 2 wiy?



fiaa8n9: lunsdnwiivinluanavemedieameddvililngisnis
BaTgivguatenudn T8 KOH wWuty 0.02 M 1 35 cm?® fsgnginen 19
s My veanedloameiiil nefiodn lu 1 ansldluanadvyians
UaNTaagn3amnieg 2 vy warldusunamedieamesiunisingien 3.5325 ¢



3, yuinlulanaveInealeaves (nSusialua)



n1sdninlutanavanefasingn1sinAUnile

(Viscosity measurement)

® Relative method

1%

* AUNLA (viscosity) UBsaNIazaIenedNDT YU

%

U

eCR_

- FYTUBFUDINIVINATAY

- UAYDINDAUDST

- ﬁmﬂfﬂimaqasuaqwaama%
- AT UY DR TAZANY

- QEUNNY



o JuASN9Y drann 2950 LUUgINeauATS
* |ASRlaNLYAD dalalees (Viscometer)

=

Reverse flow
Ostwald

Ubbelohde

12
http://www.adhesivestoolkit.com/Docs/test/Physical%20Analysis%20-%20Viscometry . xtp



* U3V ININUUATY C
* ldgnensgeansmisdanensee E lvvsavanlUaginile

(EJ JEAU A
| N Usuestimunzadlunisveasdas USunsaaue
J2AU A asluaunnauasunsziuig D

* USunsilennasiazdaavinniu

il * JunaTvRIvalaNTEAU A DITEAU B lentianly
n13t1ain flow-time (1)

nN = Apt

A = W, VUIFANVa laNTU

P = ANUNUILUUYBIEITAZANY

Ostwald t = flow-time

13



VDUUAITUA 1 N, = Ap.t,
VDUUAIYUA 2 N, = APt

A WNAUNSIE LY viscometer SULA8INU
A9

MR M, , P, P, t, w8z t, AdzAwiumal N, 9



Tun1snaasa:

AMUNUAFUANS (Relative viscosity, M)

n = Auniavesansazary 1 _ Pt
ANnunavasiiagaeusans M Pl

* TunsaNaNsaza18l38919U1n9 (ANITNTUNDENIT 2 % W/AV) ATND
auuUlAIIAUNUILINYBIENTAZATY (D) HANVINIAUAIIUAUILUUYDS
AIIAYaNEuUIENS (P,) ASUU

Relative viscosity, T

r.




® |19E15ALANYNAINULVUVULNUYY ANUNLAZLAAUTUA UL UA8
ANUNSOMIANNNSIANTUYBIAMUNLALR  1A8N1SLUTUEUAIAINNALAN

U

ANUUNTUAN9T AUAIAUVLAYRIYINAza8UIaNT LReNANUENNUS

U

ianuniladwie (specific viscosity, 1, ) Fadiguduaunislassil

Specific viscosity, L]

_ n—1, . t—t, _ t t,
7, t, &

T,



* 4192 1UA9DNNAYRIANYUTY  LAYNAITUIAIANUALAIIULNL LRI
PUIYANUINTY (O FoNANUAUNUSHIN  ANUviaaanay  (reduced

)

Reduced viscosity, M _ . = 7.,
red

viscosity, M

red

e C = anudutuvesasavarsluniiensuvesingnazaiese 100
cm? Y99a15azans (g/100cm?’ %58 g/d\)

* Wyunsviseniemanuuilnaaneu (1 _)NUAIAIINYU (o) Ay
AYUENNTTVBIENAUE (Huggins) Ladsiatadunsnlunaunguinnu

aud aglaAraunianelu (ntrinsic viscosity, [M])

17



dun1599dnnud (Huggin’s equation):

7. :
1., =T=[77]+k'[77] C

nred

1)

ANNULTUTU ¢

18



® Intrinsic viscosity, [1)] @unsamlaanisnilaannsmanuduiusaiy
AUNNSVNASKIBS  (Kraemer) FINABRTEMINANANUTALALA  (Inherent
viscosity, nmh) AUATAINULYUYU C

-1 .
AUN15U9LATINDS (Kraemer’s equation):

L 2
n, == =[]+l

77inh

] )L\x’*r\%

——— —————
—

AULTUTU ¢

19



nred or

nl="

77inh

‘ B a

AULTUTU ¢

20



* Arauviinngly [M] Zanudusiusiuiialiianavosansnodiwes 6

AUN15VRINSA-18IUA (Mark-Houwink):

1419

M.

ANANEIVSUNDALLDS LUAIVINaZa18NNUA

I

mmmuaqﬂugﬂﬁ'ﬂwaﬁwaaLM@% FeazdanuasunUas
Faud 0.5 6?5{15@%3%1&%@1/\1@5ma%ﬁé’ﬂwmmmLﬂuﬁau
sUnssnan aud a fanmnnigadu 1.0 Tasainsuinees
WoRluaslanwaz UL

wIaluanaeaglngaunie



* ANANANYIUDY Mark-Houwink (A1 K 1La¥ a) U99noaLtuasu1evie

\GEIHEN Adinavaty | aaunndl A1 K x 10 A1 a
°c (dlegh)

W BRGIGEN UUTY 20 1.23 0.72
wodlalyUinauy Ingdu 25 8.70 0.56
lelaataniasu 30 2.88 0.69

WodluyialuniAsian | exalau 25 0.75 0.70
AAD LI 25 0.48 0.80

woalhtauaTing DY LH1 30 1.02 0.72
LNIUDA 30 3.14 0.60

wodlidaweanssed |11 25 3.00 0.50
wodnzAslalulesa | lawdianesunlus | 25 2.33 0.75

22




n13naNURAaaLnN (Colligative properties measurement)

® Absolute method
1. muﬁmﬁmaqqmﬁaﬂ (Boiling point elevation)
2. N138RaVBIAEBNULTN (Freezing point depression)
3. AUAUeDdElusn (Osmotic pressure)

Y1 M, UBINBALLUDS



1. mstﬁm%wmqmﬁaﬂ (Boiling point elevation)
* mAlA Ebulliometry

P v

* JnaLiRnaNTaraiBuAUANBAMYINaTaNEUSENTNAINUIULALINY

® AUN1S
AT RT° 1

lim b — -— |+ AC
>0 ¢ PAH M,

1319 ATb =T,
C = ANNULYUTUYDIANTaLANY

solution) Tb (solvent)

R = Gas constant
T = Absolute temperature (K)
£ = ANUAULUUYBINIINAZAY

AHV = AuSoulLieaIn1snanelulevsssivinazany
A = AR



AT, RT™ 1
im —— = = |+ Ac
>0 ¢ PAH M,

® | AYUNTINLEUNTITZINIG ATb/c U ¢

* sioldunsIUGs c = 0 ,

o . o RT 1
® AUIUKRIAT M, VINYOAPILNLU - =

PAH M,

* Thermistor JAAINULANFNYBIRMUNAALADY 0.0001 °C
* Juiin AT, lugunas1a09a1AnunIunIu

(different of resistance, AR)
* AT, Judndiulaenseiu AR

* [Aguns MLaUnNSISEIe AR/c U ¢

http://www.psscientific.com

25



14 o o
UVBINNN
a s . a = a &
* woRluesiil M. a19 autinnaadlawsouluaisazaie

1
aa a

o WUld M. baitAin 20,000 ¢/mol



2. m'saﬂawmqmﬁanu%a (Freezing point depression)
* mAUA Cryoscopy
* Yogaidenudsianamesasazsansimiuanududuiisuiugaien
uiavesiviaransusansinnufufei

® AUNTT AT RT® 1
im —=| — = | TAC
C—0 C pAHf Mn

b e ATf = Tf solution ' f solvent

C = ANIULTUTUVDIANTALANY

R = Gas constant

T = Absolute temperature (K)
£ = ANURUILUUYBIFIINAEAY

AHf = ANUSBULN YD INISVADULNAIVDIAIVINaLae
A = ANAIN]



® Thermistor IAAIIUWANASYDIQUNNH

* Juin AT, Tugunassvasranusiuniy (different of resistance,
AR)

* AT Judndiulaenseiu AR

* FeunsmidunsasenIng AR/c A ¢

* siatdunsluds c = 0

* MuIAN M, 91n9AFALAL

2

RT 1

PAH, Mo

e 53{il4w M. laliAu 20,000 g/mol



3. N15IAANUANDRELURAN (Osmotic pressure measurement)

* Muminluianandslawsiug
* Jauldunnninnsinaudineadinindue

Solution l Pure solvent
Semi-permeable membrane

Osmometer

29



Solution l Pure solvent Solution Pure solvent

Semi-permeable membrane Semi-permeable membrane

® NSUAU FEAUVBUMAINIABIYBUNINU

4 1

* fneLall (chemical potential, W) v89a1tazaivaziiAdasninFneLAlunIfivng
azane (s, < Us,)

* fYINBTA8FUNIU semi-permeable membrane

o syfuvpsasavanelutesansaratsgeiu audidauns

o Tdmnusuiindnlufigessne Lﬁaﬁﬂﬁﬁzﬁwmaﬁazmaﬁgqawﬁquwhﬁ’u i,



* anuaunlalnly Senin AnuauesdElu@n (osmotic pressure, TT)

T = Pgh
e h Ao mmgjwaamﬁazmawaama% NUIY cm

P A9 ANUNUILUNENTazAIeNeAes My ¢/cm’
(Pesvtion = Peopers HOMETRZANENEAWBTNLADNHN)
¢ AB WIluNaIsveslan

* M., WlaanAudNRuG

= —=—+Bc+Cc
M-,

lim

T RT ,
C—>0 ¢

¢ Ao Anuutuvesansazans mhetvindeniemieUsinns
R Ao AmsTivesing

T Ao gaumngiilumiig K

B Ao duuseanalaseadi 2 (second virial coefficient)

C fo duuszdnsladeadl 3 (third virial coefficient)



® 1NAUNT

= —+Bc+Cc
Mn

7T RT
im —
C—0 ¢

* Mc<1%WNV aatiu Cc? << Be @wnsasn Cc? Nala

T RT
im — =—+RBc
C—0 C Mn

* AT TT NANULTUVY (C) 99 VOIATAZAINDALUDS
* [ WYUNTIMLEUANTITENIN TT/C AU C

® AU M. AN

ARALNU Y = il

Mn

® 1911 M, VBINDRWDITIUY 3 x 107 59 1 x 10° ¢/mol



2 | | | |
0 0.01 0.02 0.03 0.04

c

ASINAMUAUNUSTZIIT TT/C FU ¢ vaswadlaletnaulunaslsiunau

- %4

v o
UYDIING
® JILANSAINUDISETUUNSIVIAAINUAY
* JI2ANTNINYDY membrane

* N5139NYUAFIVINIAZAE



watAvansIwunInnTU (Ultracentrifugation technique)

* AdATUSaY Luldunde

* AULIVBINITNNAZNDU (sedimentation) %ua&é viminluanaves
nodklas

* msavanenedmegnUIITIUL cell udrdumies

* gnsusalunisviyu ﬁﬁuagﬁuﬁmﬁﬂiuLaqaﬁuaqwaﬁma% 997197190
70,000 rpm

* woAwesANanoULasLENTUTUY uiastulsEnoUReNeAWeSNE
niinlnanalndidesi

« mlgvia . uaz M,



WALANIIINNITNILLAIVDILEN (Light scattering measurement)

* 1 M. vaswodiues

® F1ULAIIINLNAINILALAINNNTENUAITALANYVDINDTUDT

* SUTN  VUINVDINDANDT  UAZAINUANAINUBISVTIANLNTENING
asavanewedmesiufwharany  fnadeuuazANLTLYDIMET
N3¥LA988NU"

* T3ndnn19N1INILLALEVDS Rayleigh (Rayleigh light scattering)

¢ Fnvimsnseneuamedinanaiiianududusie



Rayleigh scattering:

®* named after the British physicist Lord Rayleigh

® elastic scattering of light or other electromagnetic radiation
(photon).

® elastic scattering - photon energies of the scattered photons is
not changed.

® particles much smaller than the wavelength of the light, which
may be individual atoms or molecules.

® occur when light travels through transparent solids and liquids,

but is most prominently seen in gases.



Blue light
scatters

T\ white sunlaht 27 7 7N

lo

Rayleigh scattering:

B/ 4
Ue /Ight seen

lo
Observer

Diagram illustrating the effects of Rayleigh scattering on the sky's colour

q 2 2
37T NI "
lp = | (1+c052(9) Rp = I_

0
24,’2 0

|, A9 AUYUVBILEINNATENY

A Ao anugnadufinnnsznuluianavesiiedig

|pfe muduvosuasilotaiiyy O Auuaimnnsznu (1, oL (1/A%)
N A9 31UIULLANAYBIAIDENS

Ol A9 polarizability

r A9 S¥E¥AINLUANAVDIIBL N (RIHLNR)

Rg A® 8M31d7UL38% (Rayleigh ratio) 37
http://www.homepages.ucl.ac.uk/~zcaph29/old/pages/article.htmi3



Kc 1 1 1 167T°n°R’ 2
— (_— + ZAZCj_ — - 1+ 20 ol —
Ry M P, P 34 2

C = the sample concentration. ar’ ( dn)2

0 = measurement angle AN

Rg = the Rayleigh ratio

MW = weight average molecular weight.
A, = the second virial coefficient.

K = constant

Py = particle scattering factor or correction factor corresponding to polymer shape.
R, = radius of gyration.

7»0 = laser wavelength in a vacuum.

N, = Avogadro’s number = = 6.023 x 10%° mol ™.

Ny = refractive index of the solvent.

dn/dc = refractive index increment of the sample.




focused cylindrical
/_ monochromatic fight sample
beam |O container

P = movable photocell
Movable detector

135°- — —— -

light scattering photometer

39



N1SNARDN:

* 50 Ry 7 O #1s9) vesansazanemediuesidaanduduuansiistu
* Weunsmwszning Ko/Ry fiu sin%(0/2) + k’c (Zimm plot)

e sadunsmiluga O = 0 uar c = 0 aldandauny = 1/M.,

2.2

2.0

1.8

1.6

Kc/Rg X 10°

0 02 04 06 08 10 12
sin (6/2) + k¢ 40
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Iangnapadmsunedmesnitwminluanaadsveamediueserlurag
3x10* 09 10

frugsennludeansduin naeSenasfedis uagnsliieaiesile
Azpsilefisaumg uayldinaniinsgsiuny

feuldlunuidewini



WALALAA WWasHETUY 1AsU1 NN
(Gel permeation chromatography, GPC)

* Zundne1anilein Size exclusion chromatography (SEC)
o Humadaniaves Higch performance liquid chromatography (HPLC)

Definition:
- A chromatographic method in which particles are separated
based on their size.
- Organic solvents are used as the mobile phase.
- The stationary phase consists of beads of porous polymeric
material.
- There is no chemical reaction among solvent, sample and

styragel.



Eluent (mobile phase):
- should be kept dry (anhydrous solvent) and filtered.
- should be a good solvent for the polymer, and should wet
the packing surface.
- Common eluents for GPC are tetrahydrofuran (THF),

o-dichlorobenzene and toluene.

Stationary phase:
- made from beads of porous polymeric material
e.g. styragel — crosslinked polystyrene
- particle size 3 - 10 lm
- pore size 1X10°, 1 X 10°, 1 X 10° and 500 Angstrom



ATREFand *Click Chemistry”

sodium azide :

DMF

Crosslinked Polystyrene Nanoparticles

http://pubs.rsc.org/en/content/articlehtml/2011/py/cOpy00174k

http://www.phenomenex.com/Products/HPLCDetail/phenogel

44



Principle:

« Molecules with Different sizes will elute (filter) through at different
rates.

« Column consists of a hollow tube tightly packed with extremely
small porous polymer beads (styragel) desicned to have pores of
different sizes (pore size depends on degree of crosslinked).

« Smaller molecules enter into the pores, larger molecules don't.

« Large molecules begin to elute then smaller molecules are eluted.

45



Time 5 (A)sample (B)size (C) large (D) small

L : solutes  solutes
sequence injected separation alified alited

Solvent flow

v

Sample sz oJC%o 'O"Cg‘d
mixture [ O 00 Q0
000 000 000
oo enl |0
8)5) . OO0
oXe) viwd OO0
Porous |00 o leTe © 0.0
packing | ©O b . 0.0,
Oooo o} G.)é%
Foro oreX A
00 000 (9(?0
00 e
OOO OOO O 000
Q O o' )
00 000 [<]e,
Concentration #’ ,ﬁ’ ,9’
detector

Injection
Elution curve »l

I | L A

(A) (B) (C) (D)
Retention time or volume
_—

Retention time is the length of time
that a particular fraction remains in

the column.

Retention volume (V) is the
volume of mobile phase passed
through the column between the
injection point and the peak

maximum.

46



* Tuiananivwiatugldanansainlulugnguls 3uadeuiiosnuinsauiu

=

* luanandvwnandudnivlugngulanming du sldnaeglunedud
UU WiiAdeudioanaineeduinieuiu

e luianavemediweiarldnanegluneduiinndeslsivhfuiufurun
Ypalukana

¢ Pinnsveanandeunfldlunstunediueiusazauineanainaedul
Aa retention volume (V) %58 elution volume (V)

o Yuinluananldlasnaifieu V fu Universal calibration curve &
Jumuduiusszning loglNIM fu V. vesnedwesviing1ee) Ianune
DU



log[NIM

Universal calibration curve

\I:Ia T T T |
[ B
] . .
T =
I :
] [ ] 4
4 - .'l o ~
3 8 1

x -
'! -

" .
I -
E B -
B
= i
s |- i
‘T \

1 . -
3 3 :

107 | E
El s X .
3 @ Polystyrene (linear} Q)b .
: ) Polystyrene (“comb™) \\ |
1| + Polystyrena (“star’'] ‘s’ .
o M Palystyrane - pnl',.rtmethﬁflrnsthacwla'lelti ]

copalymar (heterograft)
*r ¥ Polylmethylmethacrylatel (linear) %
@ Polylvinylehloride)

“;E - - Paolystyrene - polyimethiylmathacrylate) .
8- copolymer {graft-comb) ]
? -
= W Folylphenyl siloxane) .
b 1= A Polystyrane - polyimethylmathacrylate) __
- copolymer {statistical-linear)

LI O Pelybutadiene -
FI -
\
10 1 l 1 L 1 i 1
18 20 x2 24 26 28 20

Retention volume (mL)
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Molecular Weight vs. Retention Volume

8.00
\ 10,000

6.00 200,000

4.00 1,000,000 \\\
2.00 \

10.0 15.0 20.0 25.0
Elution Volume (mL)

Log (Molecular Weight)

GPC: Automatically calculates, records, and report numerical values
for M, M_, M, M_, and molecular weight distribution (MWD).

49



o/

3.2 n1sasedaunyenduindncy

1. dunsusaadnnsalal (Infrared (IR) spectroscopy)
o Tidoyaiafiumsdunaznsvauvadiiana
* LANIINNTAANAUKABUNT NIV IAAANITNIIUETUSEN IS
wasuluanzn1sdu (vibrational state) waIAIENSIUTIES
ANNITAUD DN
o [HnedliiinnnmuazUnavedassaionand  mifledidy

LazliRna U ASe Al



Wusz /myrlandu ahpreIdnslsznay A9ND (cm)  ANMIMTZAINLIN

| BALAU 2850-2960 39
—C— 1 ARAU UAZ LATY 3010-3100 nunans
— da Al 3300 g3-NALUAN
8aLAY 600-1500 2l
C—C
daA 1620-1680 B
C==C
e da bail 2100-2260 49-A1 (LAauklas
16)
_ Tulnsd 2200-2300 a1-A1 (1Wasuulas
Cc=N i

16



FiANa9a151s2nay
AANATAR ™

=] s
Bane T

nsAAISUANTAN

lRALNET ~

ARR LS

AlA

NTAAISLANTANLA

LALNET

o g
BATIREBRH LA Wu@ﬂ

= -1
AQIINT (cm )

1000-1300

1720-1740

1705-1725

1700-1750

3590-3650

ANIUZAI NN

g9-A1 (iAsnuilas

—

)
=]

WALWA 2



—O0—H---0—

—N—-H

wuazlalannanluda-

a
nagagd Lasiuea

Wuszlalasaulunss

ANSUBNTAN

3200-3400

2500-3000

3300-3500

3300-3500

111nans (3 1 1e)
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Wi
-
C—N
|
—S—H
—C—Cl
—C—=Br

FATI9A1TUsE N

=]
SRR

as e =4
nladanazed vire
LA LA L1

=t

aRa ARD 36

-t

afa lUT s

dana Vgaalss

=i -1
AIIHT (cm )

1000-1300

2550

600-700

600-700

1000-1100

ANHIUZAN DN

49-A1 (LATuwlas
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100

T T T T CH3
HsC
80 A CQZ (H:Z\C//CHZ
» HC CH Si—O0—S5i H
% ; A e
60 - 92\ /—O-O—Si/ Hz(|J CHs
g HsC™  HsC ZC\/SI—!O\—CSI\
(0] (0]
3 40; |2 1° ccﬁf\l/ e
— /Si—O—Si\
g HSC\|/H2C CH, o CHs
S 20 - | .
£ “ CHa o
X 0 -
o
2126 Ally -tBuPOSS
-Si-H str.
-20 { —— 1.17k hydride PDMS 1470 1000-11007 Ha o ;
allyl-tBUPOSS -Si-CHg str. -Si-O-Si- str. /
a0 1 T tBuPOSS-1.17k PDMS-tBuPOSS | H— Si——O0—{—Si——0—}—Si—H
N
T T T T CHs CHs CH3
5000 4000 3000 2000 1000 .
Hydride-PDMS
Wavenumber / cm™L
R\S'—O—S'/R
CHj CH3 CHj /|I /ll
R () "y 0
\Si—O—Si—CHIZ—CHZZ—(HZZ—Si (6] Si (0] Si gz—gz—gz—SI—OQ—Si/—F?
/ / 1
AL N L rosboe,
R\sl,i—o-|—s|i | CHj CHg CHj | ° | °
R/Si—.O—Si Si—O—Si
N
(lj/o/ T/O/ R R/ \R
Ao tBUPOSS-PDMS-tBUPOSS -
R




2. amawsuununnislonuudaiuninsalal (Nuclear magnetic
resonance (NMR) spectroscopy)
o HumadafBiaszinouemosuarnodimesléiommninuay
Uunad
o Ividoyaduy veamediuesdnranyogng 1 Aoufinustu
(configuration) ANEAMEUTDIElE AN ANUTUREN N3
Ayriuvedlanana (chain entanglement) Msidesladduiana
(crosslinked chain)
* NSRRI USNYeENedNeS Touly 1°C wag H NMR
* 'H NMR Tanuuntun1sitasieruiakazUSu1auauouiias e
LifeuldlunsiesevsiauarUsunamesedwes eswnd

resolution M1



* laanwedwesivymainnisazangluiniazaglaein JagUuiadl
s H owa PC NMR Tranunsadessinediuesinlaglines

= <
LHSYULUUANTAYANY
* 11507 AS1ZINeALL S A lUaNwalE LI uYeLTe (solid state NMR)

Solution *C NMR

Solid State C NMR

S 15 100 50 0 ppm
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PhPOSS-PDMS-PhPOSS

Allyl-PhPOSS

Hydride-PDMS

fg : :
\Si—O—Si/
i d e TH3 TH3 TH3 S
\ ) Hy H, ) H, ) o / o
Si—O0—Si—C —C —Si——O0 Si—O SI—C —cC —SI—O—SI—Ff
/l /l R/S' |O S|\
O / RO n
R~si—o-|- S|/ [ CH, CHg CHg | ° |/ d+e+f+g
OR7SI OO S|\ Si—O—Si
° 1.° R C Db R R
Si—O Si
g \R R = @ a
C a+h -CH=CH, C
k i b “ §
28 OO 41 88 0.12 3524.62
(I L CD,Cl, ’ [
d+e H
R ./C§0H2
/Sl'_o_/sl" Trace impurity
(o) o)
O /°RO ;
R\Sll_o - S, | /ln nmr solvent
—Si—0—si
TR / 5 clJ / I\R
/ /
/Si—O—Si\ C ba
" . R B
) o A
14. 05 21 53 £| CHs CHs THg
H Si O / Si O \ Si H b+C
a |\ |
n
CHs CHs CHs
a b c A
", " y
2.00 3662.58
Ll I
I|I I | IIII | IIIIII|I IIIIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII
7 6 5 4 3 2 1 0

Chemical Shift (ppm)



3.3 N1SIATICHENUANIIAINS DU

1. N15WWasULUaINIIANNSDUVRINDALUDS (Thermal transition of

polymer)

* WanoAlainInantniuausou ziinnsiudsuLUanall
- drueduguasiianisiasuwdasndaunale wWelfinn1sinasunves
drudng Tuluanafiguugidouaouzaaiouia (T)
- 919iinsindundntiasIigumgiinisiengn (crystallisation
temperature, T )

- dhundundniinnisvasufguugiinisviasudivendn (T )



* wodwesildsuaniuzanvaandaduronnadn T_ eitaeiunis
UAYURUADINIUNNAFERS

AH_
T =
As_

il AH_ #9 taumalvesnisviasumiad (enthalpy of melting)

As 79 1aulnslvaanisvasuwmai (entropy of melting)
LOUNIAUNSDANUSBUVDINITHADULVAILUSHULALATIAULUBSLEURNEN

(percent of crystallinity) Favlgainaunis

AH_ %100
AH

% crystallinty =

AH_f9 launiatyeanisvasumaivesansiiegs (lWainnismeaag)
AH_* A9 1aun1alusin1snasiinaivesmedilasunsguniineosidus
NN 100 % Fealnainalenadiues (polymer handbook)



* 1 T wadwasanusaialundnla 2 wuu

(%4

1. yilvmedwesiandudias Tuanainnisieaeundnlnany dni3es

fog1uduseldsu wallinnan

1
=

2. viugauugiilviunediuesniluveawds  Weluanalasugumaiiiiu

11NTU UNSIUIUNSAFOUMANLINTUL LAANISLARD UMY LNANULAR

Y = [y 1 [~ = a < =
AALIYIN DY UUTLLUYULNALUUNAN

* AnUEITalUNISIAANaNYRINaAesUAUANNEI e lUlATIES9

YDINDANDT Uaz Auslunisanuasiiuguunl



2. AN BLS UL AFNULIAIaDSLUNS

(Differential scanning calorimetry)

THpszinisilasunlamniaudeuresmedimedannsinaudou
yIoNENUTAnINNMIILATY (UAsuanuy) veswediues
Differential scanning calorimeter (DSC) $AAULANFIVDLOUNIATT
Juilanduivgamnll veasfmng1aUIeulisuiuansands (empty
pan)

NORLDSANNANEANTILTTUN T, LaziAnnIsviaaud T A2AANIINTBU

NOALUDSLAANANT T_9¢A18AUTDY



a

N3MAMUFLITUTTENINNTIMaveeAuTau (heat flow) Augaumill

Y

5871 WNesLULATU (thermogram)

Heat flow

a®
¢"‘-‘
—— = ==L,

T

g

T

Temperature ‘

C m
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Heat FlowEnda Up (m¥) ——— =——
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“endo

Integral -294.87 mJ
normalized -30.37 Jg*-1

Glass Transi tion Onset______106B9 C
Onset 55.72°C = .
¢ %P Peak MLI7C
— : = ‘
integral 41094 m)
st hasting scan normalized 42.321g"-1
Onset 237
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1
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“endo

Integal -294.87 mJ
normalized -30.37 Jg*-1
Glass Transi tion A _Onset 10689 °C
Owset  932°C Peak 1M1L17 °C
Midpaint 5830 °C :
— : = '
Integrl  416.54mJ
st hasting scan normalized 42.321g"-1
Onset 21372 %C
Peak 25117 C
1
w1
Cooli ng scan $ )
Integal -424. M m)
o 1 a\ 6
Y] normalized -41.70 "1
MUIBINeAND AR LS? Shnbiol <5 10N
. Pesk 196,33 °C
AU %Crystallinity
e ® & e @ 10 120 140 160 w w20 w20




3. INASLUNS1ILUNSN azunladd

(Thermogravimetric analysis, TGA)

® Monitor change in mass of sample

® as function of temperature
@ as function of time (at constant temperature)

- microbalance
O atmospheric control chamber
-

heater (furnace)

___sample holder







mass

=

Sample can be both solid &liquid 2-25 mg

Gas atmosphere: CaCO, —Ca0 + CO,
In vacuum, decompose at ~500°C
In air, decompose at ~700°C
In CO2, ~900°C

Temperature

(9



Draw tangents of the curve to find the onset and the offset points
120

100 1 e . 537.87°C

804

Oraet Mid poird

60~

BE2.21°0
49 899 100.2% 5 ol/min

(10.32mg)

Weight (%)

40-

U 587.02°C
Sample: PTFE SPP

Size: 10.3000 mg

Method: 5 Deg/Min N2 50 CC/Min
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Temperature ("C)



Il

Waight (%)
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m -
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40- '
I
I
I
20- :
I
I
' |
|
(op o o o o o o o g ———
Sample: PTFE SPP ' :
Size:  10.3000 mg I I
Method: § Deg/Min N2 50 CC/Min : I
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400 450 600 T; 580 T eoo
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Thermal profiles for some common polymers
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