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Polymer Aaazls?

Polymer #19179INANYINIEINGN poly = many LAY meros = part
Polymer N8I ﬂﬂﬁﬁﬁTNLﬂq@ﬂuﬂmT‘lﬁfymﬂ fisznaufneniagans
TNLNQNLﬁﬂGT ‘ﬁ%ﬂ 114 (repeating unit %38 monomer) EALNZANHAIY

WUEN AT (WUEelALauE)

polymerisation o)
monomer

nCH,=CH, . [-CH,~CH,-]_

ethylene polyethylene

Hy

polymerisation

styrene polystyrene polymer



Macromolecule
Macromolecule Anansfiflluianawinlng) Mvnnesantanafinaifion usans
Lanalvgjureiia analdlnofmesn
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Deoxyribonucleic acid (DNA):

HUnaRNes5958188ATe NaualNas289 DNA
A8 nucleotides @AIUFAE nucleotide Usznaufag
1M 5 ANTUBN 11538 deoxyribose

nucleotide M fIHNENBLNESYEY DNA & 4 90im (Fun

A = adenine
G = guanine
C = cytosine

T = thymine




History of Polymers

Af. 1500's — 1NA199971983N 9. [AANNUEIHT Mayan B9
@) - S = 2 v A
urWNE B9 893U aIENINee  NINNNEHEF Y
1 1 | 1 I EY a
31919 Mayan aziiiumanusn q ARnsdszgndlined
'3 A 1 @ 1 A o
BT IHBIINNIINLINANT 917 Mayan L@UWALBARTIVIN

AL TNTIIT e A
Py 7 A ‘—:&ﬁ:_

Afl. 1839 — Charles Goodyear AWWUNSYLAWNNS valcanization MASNTTNANY
A o 9 @ : U@

SNBITHERTY sulfur wazldipanudanit 270 °F (=132 °C) Fifiuansisznay

NORLHBS G AN LT S USIUAZTIUNIRATINIYI9TTTNYR BISONT (RN AR

FOEIUF

AF. 1907 — Leo bakeland (F&ILASIZANAIFANTAR ATTNUTILAZIIU

avnEang (95890 Bakelite BaritunEnAnnnaninin

Agt. 1917 — M. Palanyi 1% X-ray crystallography Tunnsinunlassadrwnaniivasaaglas vinl

1 1 a ' Aa 'S Y A A 1 v @
‘Vlﬁ’]‘Ll’J"]LLmN::%W] L RARADINDALHNDIUTENBL WQElTN LZ\]QNW L%ﬂ}l FANKLL RN v



Afl. 1920 - Hermann Staudinger dniafanaieassiie [FRANNA
Y dl o/ A ' o v ¢ . . .
IATefgatunafmes wiada ‘Uber Polymerization® Tasian
THAnanql84n “..rubber and other polymeric substances such as
starch, cellulose and proteins are long chains of short repeating
molecular units linked by covalent bonds. In other words,
polymers are like chains of paper clips, made up of small

constituent parts linked from end to end...” WAITHFANNNDILAN

TAsssudad 1 Iun15 B uFUANI BB NIHAT LA NS NAUA

a ! a -4
noEi i 7 2esnediuns S _
\@;{; 1\1‘3@5//(/ RS

I ro\([)H\OJ\‘/o-\[O(LO,ﬂW/o\

1927 — #n19WAm vinyl chloride resin T4

Uber (German) = hyper, super, above

PVC pipe

FLAURRENNTINTINATILEN F19Lznay

woRmessan g ldedisunsnans
P=3 o/

uiieaaquu




1930 — #9LATIZI polystyrene W3® styrofoam T HHAR
LU AN ALEN naBd Iy nMueiuAIN ey

1938 — Wallace Carothers HNA981289U%8% Dupont f9LATILI
Tuaou (Nylon) Belilunnandn@anluaew @efn uazaesldau q

1941 - finsWmm Polystyrene iianasiinansEuganUszaTusine q Wi amurus9991973

VIONATNAN VBILAW YR

1970 — James Economy Huauusn T wwwmqmwmmm ‘V]‘L&m’]mﬂum ‘ﬁL ¢in91 Ekonol ﬁﬁf‘?ﬁ
mmqﬁmmmmwwm@ LL’NZ’N’JHU?S‘H@‘ULﬂﬁﬂﬁﬁluﬁmﬂ\‘m’m’]ﬁﬁﬁu

B 7 Ekonol :

. — p-oxybenzoyl repeat units

C_
/©/ — linear thermoplastic
*__O . .

— a highly crystalline polymer but has no observed melting point even at

p_oxybenzoyl Up tO 900 - 10000 F. 9



1971 - S. K. Wolek WansnJaamaRinesnlaoianifudonss v nupnudaniigeds

300 °C [Hvindninanziunszgu uay Wanuwansusindumasuazinuesn

http://www.bangkokbiznews.com

http://www.ryt9.com/s/prg/757980

1976 autiv tlaqiin AnslEdannedmesuaznanafin anndrdanfidinlas
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USLLANUDINDALNDS

1. FTILRAATNUARIAN
a 4 a [~ a o‘dl Aa SPv o a
1.1 WaRLND5E95NYA (Natural polymers) LHHNBRLNBSANUATNTTTNEIR wwﬂfmmmwm
wasantinsaulasive FUse el iy in fhe Ue U9d 9ne1enisn YaY

X ¥y \ 1) ..t).\ S -~ ;;( 5 ol
s : = — {
. > Ll
N ’

1.2 WBRINBSFILATILI (Synthetic polymers) WHBI9INNBRANEITIINYR HUTH104 ADIENR
LAZBBULANTS [HUAITR Fainyuedas Finnnsfanseinefmesaunn 1y
polyvinylchloride (PVC), polystyrene (PS), polyethylene (PE), polypropylene (PP)

11



2. uunananu sz lassadeasluans
2.1 waRMasuULIEBASI (linear polymers) luanazpsnafimaslszinmiidnaealdnss
enq [HATFeiuuenean(y feg19w linear polyethylene

S
/\w Hp H, H, H, H
~ NN

C C C C C
I R
Hy Hy Hy Hy Hy Hy

2.2 wWaRNaSWUUAISIKN (branched polymers) TNL@qmmwm’ﬁLm%ﬁﬁqﬁqmmﬂmﬂm
srnanalgnan srunrsessans 27ififst e naant1@endn branch point

Sodaing : Avfinufiugnaaniiannaslgranazdess monomer wamAsat e e lEnAn S
monomer finstfafdldaduiunedmasuuufiofing usezsadndulanefimes

\ﬁw%\

branch

star

pbranch comb



2.3 WARLNASUUUSI9UA (network or crosslinked polymers) TNL@QNﬂ@ﬁWﬂﬁLNﬂ‘j(ﬂ‘izLﬂw
dgj dl 1 o/ o YV A % 1 o/
u%m@umnumf‘mLﬂmequu:umfmLm G‘IQE‘U

Ho Hy

Ha ! ) H H :
.C_ _CH c._ C C. _CH c. C CH_ .
Nl N N e ey e \C/\CH o
| H, H H, | H, H H, | H,
S S S
s % 3
A S\CH (H:2 (l_:| 22 S\C 22 é S\CH
~_ - = = 7 A
P o o S o & o v \C/\CH
0(\\1/ | H2 H 2 | H2 H H2 | H2
R S S S
S—S |
/ AN S S
’ “T' T c: S\CH A c: \CH ¢ _H CH
+ ~N - = ~N - = o
= . : I e N e I ST e
AN / Hz H HZ i H2 H H2 H2
CH3 n S_S !
Poly(isoprene) Sulfur Crosslinked Poly(isoprene)

a 3 % : ' [ ol 1 5
2.4 WaRLNBSWUUEHITUIA (ladder polymers) Zuiinisizansaiinigpseatinianaasans
Y | 1 9/
Ieﬁhlﬁ?\]ﬂ ﬂ’]ﬂqﬁﬂG’T’JQHHL?QT@TNZ\TN’]LNN@@ZL%EﬂQ’T W’ﬂ’?VLN’ﬂ%LL‘UUﬁ\WI%UN\fﬂ (semi-ladder

LI (1T

ladder Semi-ladder

polymers)




/ N/ 3
G—C 0 — I
;N FN 5
CHe HaC CHa HC \S__S

n
CTQ“? CH;
C—C—{—C—C—C—C=C—C(
HE H? I H Hi HE H H
S“"-..
S""-—_
s o
i —(—C—C—C—C—C—C=0C
H H, H, I H H, H, H
S
.
S“‘x
C||‘|3 Cfﬂa SI CH3
C—=C—C—C—C—C—C—C—C=
H Hi, H2 ] H H2 H2
s

cross-linked poly(isoprene)

http://www.google.com/patents/EP2150597A2?cl=en




3. FIURAATNITRIUTRAVDINBUDLNDS
= [~ a -3 I v =N [}
3.1 laluwafiuas (homopolymers) [iunaRinasfiscnoudnsnauaNassfimfes

Monomer Polymer

Ethylene CH,=CH, Polyethylene  -(CH,-CH,)

n

Propylene CH,=CH-CH, Polypropylene —(CH(CH,)-CH,) -

— Hy

—C—

CH \
HC? 2 ~CH

CAAAA_A_A_A_A_ Styrene Polystyrene i

3.2 lawafwas (copolymers) Twangliluanavamedinessunvilaznausisanannines

sans 2 #aIRlY  IANSRNESENTLLNATNANE TSNS B LN FITBINE RN DS BRI LU
g
i

Z.8

3.2.1 Tﬂwaf’ﬁm@%wmju (random copolymers) NBUBLN®S 2 #9A (FNNFdY A uay B)
Fadinaduiueagne lidussuy dydnveliFumnefiwessfiaiiana 4 poly(A-ran-B)
---ABBBAABBABABAAAB--- 15



a Y . P % o o 1 w3
3.2.2 lANaRNaSuUUAAL (alternating  copolymers) NEUDLNDTELNAIEAUHeE 19

sufley ana Fdydneaiunudn poly(A-alt-B) %38 poly(A-co-B)

—--ABABABABABABABAB---

a (1 @ 1 ' .
3.2.3 lanaawnasuuuuaan (block copolymers) U5enausagnguaadnausines 2 (diblock)
W3 3 (triblock)nfa Besdaaauiuegtaiiiuszdey

———AAAABBBB-—-
——_AAABBBAAA——-

AB diblock copolymer
ABA triblock copolymer

D

3.2.4 laNaRNa3uuUnNs N9 (graft copolymers) UIeNaUAMENGNIBINEUBINES 2 BHA 7

i % @ ¢ A 1 1 & a ¢ [~
el AnezUs ne U NaNe e ST InLF0 Lmzﬁmﬂmmﬂqumu@Lum@ﬂ%uwﬁqLmﬂmu
AINIUBBNNA

oo
oo

B
—— —AAAAAAAAA@AAAAAAAAAAAA— ——

oo o
oo o



4. FIHNATHANE DILNTF T
4.1 wanafin (plastics) famuanififurasania (viscous fluid) ansfingTunszuaunisiu
U uavazaglusivnsudeiinsguAdeng dunandomiingantion waafnanaanusiadi
Uszinndas o (380 2 #ila anunginsssile F5uansau THud

4.1.1 wiadluwana®in (thermoplastics) azazans (§f lusnyinazanausia e lEsuany
Sauaznaandioiuaasman awnsndugUidundadoeieng o Haindesnis Wlediuaeas

) & A 49/ o o ® o/ o 1 1 o v 72N
naeiiuresnds nanafnUszinnilanansasiinduninasniazuiediali vl TaellinlHauiis
NI F RIS TGN,

~

Q‘Y
(Poly’\alx\nlyiccrlp‘-grg:}

Polyethylene Polystyrene Polyvinylchloride Poly(methyl methacrylate)

(transparent thermoplastic)
17



¥

© A a [ . .
4.1.2 wasludnfswanafin wia wiasdludn (thermosetting plastic or thermosets)
waramnlsznmiietnugluiaes launsashumasn il Fiflesenifla Haaesedn i

sxfinUfAsenns@anlasssndemalgliana (crosslinking reaction) VinlHnRmsaui (H3
AHAIYIN LB [H5UANHEaugIBnAsINaNaRnIsAaNaN WAL AaTIA (1)

Melamine formaldehyde Polyurethane Polyimide

18



. a cA & v a ! ” ¢ @ Y v
4.2 vty (fiber) waRNasTim&ulganssanmd e dhe s Ua auded fud Fuly
AALLAIIINDEINTNR 181 L5881 (rayon) WARANNEAglas uazinladansizdising o i
Tuaou wedwawmes wadwsaian s Bedaulnajaninmdniivnsosioinuazans

bIEBN

19
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Rl RPN ERISIAMINISIAR G aN

q

4.3 Badlonnas (elastomers) U9ASIEENGN rubber HAnENTTR
THauussngzyin LLﬂz%ﬂz‘i’mjﬂmwLﬁmﬁ@mﬁ%mﬂﬁzﬁﬁ

I o =

PN PN

i 9197 [FRTamz REu (styrene—butadiene rubber, SBR), 8145598978 (polyisoprene)

SBR Natural rubber rubber band (¥17911 natural rubber)

20
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4.4 TN (foams) tiunedinassnd
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TUNTZUIUNITHNRR 11 ANRAA TR

4.4 nq (adhesives) Hanmiiaaifie[Flun1sfindaedindanii nesssnma Fun enemiien
@ ] { v . o =4 %% | % %% 'd 1
2098103 N7 FannISIAYIRINEaLERaaa®d 19wl iudu nnadaAsIEd 12

%
cyanoacrylate 2@ superglue, 113 epoxy LN

4.5 915LARBUNT (surface coating agents) FTUTINTIA(paint) Fag 1 Poly(vinyl acetate),

poly(methylmethacrylate), Polyurethanes
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a =

URRIIANALNNIAYDDINDRLNDS

9q

=N o/ o

WAIAYALNANAMTUNITHARNERNESH 3 unas fip Wy Wi (sanflefineassun®) (petroleum)
WAz 61171 (coals)

1. WARNBSIIANY (FA 919N1597 U U1K 778 N ASY 4enaniilgs a1 ae3edeAaNanLe

yues FeenuealFainnisminfesedanuas Enwnisinuasituiuaziinnags wu des

1
v a a4

fudnuends dalwa aiadens @amdisueila sad daqriidanudainnanengnasininduns
waglaags 181 Wsling v nndmneniuaadin wAduiFamngninlwdesdune fiafiau
dalil (waglaw) WudndngAunieiliuniandanedmesuein Wi waglasastinn waglaa
Tawsn g

http://www.youtube.com/watch?v=mlpU8H5aBgs

NURBNNSANT mﬂu@ﬂ«lﬁqﬂﬂ«lﬂ%ﬁ

a -4 1 a 1 Aa ) 1 o A o o Gf = ~ ¥ o ey ¢

2. WaRLNa3AINaIUAN dNATRWNEIRgAUFIATY INN1SWEENANDS UASHNTRLWNNIAY B
o o ) a { =~ 1 a a

AH1303N W FaaseA e finadan 7 BNNAIETHA 18N NOROFNES (HADK WIWAN WeR

4 [~ @
ANTUBLLE UG )


http://www.youtube.com/watch?v=mlpU8H5aBgs
http://www.youtube.com/watch?v=mlpU8H5aBgs
http://www.youtube.com/watch?v=mlpU8H5aBgs
http://www.youtube.com/watch?v=mlpU8H5aBgs
http://www.youtube.com/watch?v=mlpU8H5aBgs
http://www.youtube.com/watch?v=mlpU8H5aBgs
http://www.youtube.com/watch?v=mlpU8H5aBgs

LN RSN AR 7 (Fiann g

Al

WAnu3augs (~1000 °C) Tumniiseainennig
I | | |

ARTITAORLT IV WIRHUD 1AL LeN LNy aulFn
AR
1NN WINHUUNTIN AL WINUATSUDAN
|
| |
v;]mTﬁu LU WEIRN wanlElngs Auaa
| | | |
Buf ey naAeaes Aupan
| | |
NORNINEN | | WEIAS WaIFR e Eas Tiasu
¥ o I ¥ o = a I
WANWLUT 123 WINHLLUUEY (Petrol 158 Gasoline) W15 W (Parafin Snans
158 Kerosene) W& (Benzene) |
UINWIATIN 129 HINLALEa (Diesel) HARNWAaaan (Lubricants) NORNATTUDLLA

WEULeN (Fuel oils) 23
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VBB NY
H,0 + C—>H, + CO

I
bNVTHBAN

|
NBSHIRF LEF

e

Ca0 + 3C — CaC, + CO

il (Ca0)

wARLEeNAn3 U (CaC,)

A lulpsian 5

uAaldH e (ue

ARSI

2i5e-Nasnan (36

Naa-Nasuas &6
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a 4 %/ v A 6V a | 1 o a A 1% Gﬁ LA ¥ o
3. NBALHNDIFTINRINUAULISATIATIIHATIG LUHLL%@QQWQ@IUWNqﬂiyLLﬂz WQJV]ZS{W PNT TS HTINR
LLﬂzﬁ)ﬂsﬁﬁ‘i‘imjﬂﬁﬁ‘i?&ﬂﬂuﬁﬁﬂﬂﬁ‘éﬂiﬁﬁﬂ@ﬂfﬁiﬂiﬂﬁ‘ufr:lu@hﬁ GT N’Iﬂﬂﬂﬂ%ﬂwzgmmﬂ@@ﬂuﬂmﬂ
WUAL (crude oil) TREINITNRUARIAUFU (fractional distillation)

ALABA (°C) | IMUINATUEY FOTUE v (T
/ﬁ\ | <30 C1-C4 fin finzspadiai (LPG)
Arpnira 30 - 110 C5-C7 UBINAY fovinazans lugaaingssias

LE:> (Naphtha)
_"_Il_ll_lLE:> 65 - 170 C6 — C12 AAINAT 1insTUNBY (Gasoline)
_'l_‘n_l'_'l_E 170 - 250 | C10-C14 ABILNAT dnfine sinsmaesdlans
— — ——> (Kerosene or paraffin oil)

- LE:> 250 - 340 | C14-C19 ABINAT yinsfFima (Diesel)

> 350 C19 - C35 ABIUNRIU dntranau

> 400 C35 - C40 289NaINHA ﬁqﬁmm (Fuel oil)

> 400 C40 - C50 Asmanfiouds videuds | Wiesly ansed

> 400 > C50 Asmanfiouds v3euds | answzass

25



Naphtha

Butylene

Butyl rubber Butadiene

Cracking
| | | |
Ethylene Propylene Methane
Polyethylene polypropylene
Polystyrene Polyisobutylene

Polyacrylonitrile

Polymethylmethacrylate

Polyvinylchloride

Polyacrylonitrile

Phenol

SBR

Nitrile rubber

Polybutadiene

26



Cracking:

breaking up large hydrocarbon molecules into smaller and more useful bits.

achieved by using high pressures and temperatures without a catalyst, or lower
temperatures and pressures in the presence of a catalyst.

Zeolites are extensively used as the catalyst.

The source of the large hydrocarbon molecules is often the naphtha fraction or the gas oil
fraction from the fractional distillation of crude oil (petroleum).

Fractions obtained from the distillation process as liquids are re-vaporised before cracking.

"$9990209000000¢-

AN RIS
N

Motice the double bonds fommed.

http://www.chemguide.co.uk/organicprops/alkanes/cracking.html



Natural Gas

Typical Composition of Natural Gas

Methane CH, 70-90%
Ethane C,Hg
Propane CsHg 0-20%
Butane C,Hio
Carbon Dioxide Co, 0-8%
Oxygen 0, 0-0.2%
Nitrogen N, 0-5%
Hydrogen sulphide H,S 0-5%
Rare gases A, He, Ne, Xe trace

Source: www.naturalgas.org

Methane
I I
Acetylene Methanol
I I
Ammonia Formaldehyde
I [
Urea Polyformaldehyde

Phenol - formaldehyde

Melamine-formaldehyde

Urea - formaldehyde

28




a P a o
N5 NABNBALNBS (Polymer nomenclature)

1. Baneunausesiiudaulseney Tagdnangn ‘poly’ dntinteneusiuesa dwiss

monomer polymer Trade name
Ethylene CH,=CH, Polyethylene -
Propylene CH2=CH—CH5 Polypropylene -
Amide ” R Polyamide Nylon, Nylon6

R—C— N
Rl

Vinyl chloride (CH,=CHCI) Polyvinylchloride -
Styrene CH,=CH(C H,) Polystyrene Styrofoam

Vinyl acetate ﬁ
C

H C=C—0—C—H
2" A

Polyvinylacetate

29



2. Baneulaseadewasananafiues

Ethylene glycol + Dimethyl terephthalate THnans i Poly(ethylene terephthalate) (PET)

0) O

CHs3

C—0—C —C—0

I
o
IO
N
—
O
/
\

@) @)
Ethylene glycol Dimethyl terephthalate Poly(ethylene terephthalate) (PET)

3. BYNAINTLUY IUPAC (International Union of Pure and Applied Chemistry)

monomer polymer IUPAC name
Ethylene CH,=CH, Polyethylene Polyethene or Poly(methylene)
Propylene CH,=CH-CH, Polypropylene Polypropene
Styrene CH,=CH(C_H,) Polystyrene poly(1-phenylethene-1,2-diyl)
Vinyl acetate ﬁ Polyvinylacetate | Poly(1-acetyloxiethylene)
H C=C—0—C—H
2 H 30




4.11558NTBULILEN

a2

A
£l

CH,=—=CH—CH=CH,
—CH

1 2 2
Z "}I
i AR N
| / N

CH=CH, H

fHE__

1.2-WaR(1,3-Dm [ndn)

Ga—1,4-WaR(1,3-T09 (adn)

#Raaaslanafinas ANEaN AIBLiNg
Triazy WoR(A-1p-B) | woR(alFEN-1A-1uiia wWa3ian)
LIHADH WOR(A-WIH-B) | noR(eNaU-uwsu-iaszdian)
UABA WORA-UABA-B) | waR(@lpEu-vaan-naddmzlndn)
AN WaR(A-n3YI-B) | waR(lalandu-nsni-nadands)




o/ [ = dll a c
ANDYINNIS AL NTANDRLNDS
(A19117134)



b
m%un‘f&qmqmmwaﬁm@%

=} | YY) A 1 a oA o/ 1 = v @ o o
Nﬂﬂ]’“l&lLﬂufﬂ\fﬂuﬁﬂﬂﬁﬂ%ﬂ’]ﬁl\eﬁwfﬂﬂLN@‘E‘V]L‘E”IZNLﬂ‘i’]t‘iﬁ"ﬂ%ﬂ’]@%ﬂWQWNEWQLW’WﬂHWG%NW PN
%j o/ =N =N | %/ o/ I .

Win L@qmmwgmm%ﬁmﬂmmm i34 dnrinlx Lﬂqmﬂfﬁﬁ (average molecular weight)

1. Number average molecular weight (Mp) AIRIUIINENNTT

N
> NM, .
— = _ Totalweight
ZN: N Number of polymers

i=1

fa N fa dunuluianazeswedie i

N fe druniluianareswedwesifiminTuanawindu m

M Aa wwinluianaresmweumaes |
Example 1: aann1afnenfagnefuassianionud 8 10 Tuana fdminTuana 10,000
7 5 Tuana fminluana 8,000 uaz & 5 Tuana Suminluana 5,000 9w M, 289Na
Apfeiiafl



. Weight average molecular weight (Muw) ATUIDINENAIT

N Y o =N -4 3
> fle N A8 9999 AN AYBINS RN DTSN A
E N.M ]
_ i i = o T Aa cA~ & o 4[ 1 o
M, — il N, A8 91UIULHENAIBINe RNesNIRN VN lanawiniy M
N %/ o/ =N -4
Z N.M. M A9 ‘LA’M‘LAT‘ITNL@QN%@QW@’NLN@‘& |
| |

i=1

=

111 Example 13911 My 2890 aAINET3HAT

1 %

Polydispersity Index (PDI) Aaffitsusniisn1snszanssinansdmin luanasesnesd

LNDS oD M. PDI = 1 monodisperse
Y PDI > 1 polydisperse



Degree of Polymerization (DP)

DP fin sruiunanaiasiafesanisansldluananamadiuns

1. Number average degree of polymerisation (ﬁn ) :

ﬁn: M

0

2. Weight average degree of polymerisation ( DPw) :
— M
DPw = —
0
5o M, fip sosluanasesnausiNes




2
f1I19UTH

o/

o S SN da ¥
snnIsAnuasaeg1srssnadmasrianionudn Jlaanaffsansin
10,000 471491 3 luana fluianafifiunmin 20,000 4191 3 Tuiana &

q

Tuanafifiinmin 30,000 993 4 THiana 9AIUINMN
1. M
2. M,
3. PDI
4. DP,
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3. Z-average molecular weight (M)
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4. Viscosity-average molecular weight (My) [#9101599AANMiRraInaR NS LN
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End-group analysis
Light scattering measurement
Colligative properties measurement
Ultracentrifugation
Relative methods: ABYENBINUFITHIRTTIN
Viscosity measurement

Gel permeation chromatography
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