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1.1. Tong quan

Polymer

v’ Tinh chat da dang

(Phwong phap tong hop, bién tinh)
v' Ty trong thip
v Twong doi ré




1.1. TOng quan
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1.1. Tong quan
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1.1. Tong quan
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1.1. ToOng quan
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1.1. Tong quan
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¢ Van tai, nong nghiép, dworc pham
¢ Bao bi, xay dwng, dét may

¢ Do gia dung, van phong pham

¢ Dién tir, keo, son

¢ Cac iwng dung khac




1.1. Tong quan

Ma Nhan Dang Loai Polymer

Polyethylene
Terephthalate

Common products:
soda & water
botties; cups, jars,
trays, clamshelis

Recycled products:
clothing, carpet,
clamshells, soda &
water bottles

Common products:

milk jugs,
detergent &
shampoo bottles,
flower pots,
grocery bags

Recycled products:

detergent bottles,
flower pots, crates,
pipe, decking
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Common products:
cleaning supply
jugs, pool liners,
twine, sheeting,
automotive product
botties, sheeting

Recycled products:
pipe, wall siding,
binders, carpet
backing, flooring

Common products:

bread bags, paper
towels & tissue
overwrap, squeeze
bottles, trash bags,
six-pack rings

Recycled products:
trash bags, plastic
lumber, furniture,
shipping envelopes,
compost bins

g

Common products:
yogurt tubs, cups,
juice bottles,
straws, hangers,
sand & shipping
bags

Recycled products:
paint cans, speed
bumps, auto paris,
food containers,
hangers, plant pots,
razor handles

LG.-\

Common products:
to-go containers &
flatware, hot cups,
razors, CD cases,
shipping cushion,
cartons, trays

Recycled products:
picture frames,
crown molding,
rulers, flower pots,
hangers, toys, tape
dispensers

C’.)

OTHER

Common types &
products:
polycarbonate,
nylon, ABS, acrylic,
PLA; botiles, safety
glasses, CDs,
headlight lenses

Recycled products:
electronic housings,
auto paris,

AL -




1.2. Lich s phat trién

e..-thé ky 19

Polymer twr thién nhién:
cellulose (cotton, day), protein
(to), cao su thién nhién

e 1833
Thuat ngit polymer dwoc st dung dau
tién b&i nha héa hoc Thuy Dién Berzelius

e 1839
Charles Goodyear lwu hoa cao
su voi lwu huynh
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| ¢ 1909

e 1920

Nha hoéa hoc Dwc Hermann Staudinger |
dé xuat gia thuyét vé cac hop chat cao e
phan t& (Macromolecular hypothesis, > 8
103 nguyén t¥), Nobel Héa hoc 1953 ‘

e 1928
Nha hoa hoc Btrc Kurt Meyer va Heman Mark xac

nhan sw ton tai clia cac cao phan tir bang nhiéu xa

tia X
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1.2. Lich s phat trién

The Establishment of

Modern Polymer Science e 1928

EywauacfH Sl e Dupond moi GS Wallace Hume
' Carothers ciia PH Harvard vé lam viéc

e 1930s
Sw bung no6 ctia nhirng vat liéu mai
- Polyamide, neoprene (Carothers),

@ poomcn o PVC, Teflon, epoxy, silicone
e 1940s

WWII dan dén sw phat trién cda cao su tong hop
e 1953

Karl Ziegler (Pttc) va Giulio Natta (Y) phat trién hé xuc
tdc cho tong hop polyolefin (polyethylene va
- polypropylene), nhan giai Nobel 1963

é\iﬂ !HF_ v\




1.2. Lich s phat trién

e 1974

Paul Flory nhan giai Nobel héa hoc cho nhitrng déng gop
trong linh virc khoa hoc polymer (dung dich polymer)
e 1986

Robert Langer va Joseph Vacanti (MIT) chirng minh viéc
dung polymer trong ky thuat mo (tissue engineering), cell c6
thé phat trién trong PGA scaffold (polyglycolic acid fiber)

1995 Vacanti (MIT): Té bao sun bo duwoc| .
nuoi cdy trong PGA scaffold

e 2000
Alan ]. Heeger, Alan G. MacDiarmid, Hldekl Shirakawa
nhan gidi Nobel Hbéa hoc cho nhitng dong gbép vé polymer

dan dién
M-B(_JL.L




1.3. Cac khai niém co’ ban

Greek |Poly| mer| == (Many | part/unit|

Polymer: vit liéu dwoc tao thanh tir cac phan ti c6 khoi
lwong rat Ion (cao phan tix/macromolecules), dac trung bédi
sw 13p lai nhiéu IAn ctla moét hoac nhiéu nhém nguyén tir (mat
xich/repeating unit), lién két v&i nhau bang lién két cong hoa
tri.

@ 9 9

Monomer Polymer
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Monomer (mono = one): chit ban dau dung dé tao ra polymer

1.3. Cac khai niém co’ ban

Mit xich /repeating unit

||-| <|:H3 ||-| <|:H3 H CH,] ||-| :l:H3

c=c E——> H—C—C [rc c }c: c—H

H H H H iH H {H H

Monomer T h 11,000 ~ 1,000,000
Polymer

Oligomer (oligo = few): phan t&¥ chta vai mat xich (dimer,

trimer, tetramer;...)

Polymerization: qua trinh chuyén héa monomer thanh polymer

AW-BCD[‘L



1.3. Cac khai niém co’ ban

H H H H H H H H H H H H H H H H H H
JWV'C—C—C—C—C—C-NW‘ -NW'C—C—C—C—C—C-NW‘ -rvw-C C C C C C—NW‘
HHHHHH HClHClHCl HCHHCHH CH

Polyethylene (PE) Poly(vmyl chlorlde) (PVC) Polypropylene (PP)

; |
J

Repeat Unit

Backbone or

/ /' Main Chain

Do trung hop
(degree Of Chemical Rxn . n‘\ Degree of
n " 4 Polymerization (DP)
. . ~ Catalyst / Initiator /
polymerization): s |
lwong mat xich trong N \ Vo
A ? (if long... ‘side chain’)
phan tu polymer T —— Polymer #
(Styrene)

ol W s



1.4. Cau triac phan tir polymer

® Mach thang (linear), mach nhanh (branched), lién két
ngang (cross-linked) hoac mang lwéi khong gian (network)

Polymer mach thang '
(HDPE, PA, PVC, PET) Polymer mach nhanh (LDPE)

Polymer mang luéi (epoxy, |
phenolic)/mat o néi ngang caa &3

Polymer lién két ngang (cao su)

inulola




LINEAR
(I) 1930's-

CROSS-LINKED
(I1) 1940's-

BRANCHED
(I11) 1960's-

DENDRITIC
(IV) 1980's-

Flexible Coil

Rigid Rod

C

Cyeclic (Closed Linear)

Polyrotaxane

A

Lightly Cross-Linked

T

Densely Cross-Linked

PAIAGY

Interpenetrating
Networks

Random Short Branches

T

Random Long Branches

T

Regular Comb-Branched

Regular Star-Branched

x

Random Hyperbranched

Controlled Hyperbranched
(Comb-burstT™)

Dendrimers

Regular Dendrons
(Starburst®)

ol




1.5. Cau hinh phan tir polymer

* Cau hinh phan tir polymer: Tinh diéu hoa va doi xirng ctia
cac nhém thé anh huédng dén tinh chat cia polymer

« Tinh diéu hoa (tacticity) ciia polymer : Su sip xép khong
gian cia cic nhom thé

Syndiotactic '|1 1? l|1 1|1 P|1 @ l|1 l|i
Alternating sides —C—C—C— 0 —C—0—0—iC—

—C—C—C—C—C—C—C—C— Atactic

Isotactic | = = =
On one side H é} H-H H é) H H Randomly placed

inulola



1.6. Cac lién két trong polymer

 Twong tac noi phan tir va lién phan twr (intramolecular
and intermolecular interaction)

* Twong tac trong mach phan tir: lién két cong hoda tri, lién
két vat ly (supramolecular polymers)

 Twong tac lién phan ti: lién két vat ly (Van der Waals,
twong tac lwdng cuc, lién két hydro), lién két cong hoa tri
(cross-link), dan moéc (entanglement).




1.7. Phan loai

1= if
"Hé b O

1. Theo nguon goc (origin of source): polymer thién nhién
(natural polymer), polymer ban tong hop (semi-synthetic
polymer), polymer tong hop (synthetic polymer)

<

CH,OH CH,0 CH,OH CH,OH

Polymer thién nhién 0 0 0 0
VW\ OH OH OH OH /.N\n

o o o (o) o
OH

Tinh bot

Cellulose CH,OH CH,OH

B g E

CH,OH CH,OH

AW-BCD[‘L



1.7. Phan loai

1= if
RS

2. Theo cau tao héa hoc mach polymer

Polymer dong mach (homochain polymer): La nhitng
polymer ma mach chinh chi gom mot loai nguyén tix

- Polymer mach carbon

NH,C=CH, ——» W —CH,-CH,-CH,=CH,=CH,=-CH,—ane =— +H2C—CH2);
Ethylene Polyethylene
nHC=CH, n—HC—CH,-CH—CH,-CH—nn» — Hc—CHZ);
— =
0~ 000 O
Styrene Polystyrene

&m!ﬁrnm



1.7. Phan loai

Polymer di mach (Heterochain polymers) : chira nhiéu hon
mot loai nguyén tir trong mach chinh

i i
NnHO—CH,-CH,-OH + nHO—C—@—C—OH
Ethylene glycol
Terephthalic acid |
v |
o o
1 1
H—(O—CHZ—CHZ--O—C- C+OH + (n-1)H,0
n
Poly(ethylene terephthalate)
o)
1 [l
nHO_C_CHZ_CHZ_CHZ_CHZ_C—OH + nHzN—CHZ_CHZ_CHZ_CHZ_CHZ_CHZ_NHZ
Adipic acid l Hexamethylene diamine
o o) Nylon 6,6

]| ]| ™.
HO C_CHZ_CHZ_CHZ_CHz"C_NH_CHZ_CHZ_CHZ_CHZ_CHZ_NH)—H o+ (n'1)H (..
m n .o Q.60 ©

AW-HC}[‘L



1.7. Phan loai

3. Phan loai theo phwong phap tong hop: Polymer trung hop
(addition polymers) va polymer trung nguwng (condensation
polymers)

Polymer trung ngung () memucso Diacid + Diamine = Polyamide
: O 0]
e ETHYLENE GLYCOL Il Il (o] O H H
L 5 & ~ e
HO - CH,CH,-OH + HO-C-{O)-C-OH c - c . N —J- N
-\ :
H20 e . :
¢ o Diacid Diamine
C "
& (LT
T 0 O I o
| I
y [ |l , I
- —N—c—Hl—c—nNr—Hll—N-—c—
| ! | | |
H /J H H
A v
Amide link
+ H,0

waElcm



1.7. Phan loai

Polymer trung ho’p (addition polymers): la cac polymer
con lai ngoai polymer trung ngung

= Phan wng polymer héoa khong loai bo phan tir nho
= Mat xich cuia polymer cé cung thanh phin nhw
monomer ban dau

nHzc=CH2 > ( H2C_CH2)—
n
n|-|2c:=»:|:H > ‘.: |-|2c—tfH+
n

CHs CH;
nHC=CH, HC—CHZ)T1

sinls
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1.7. Phan loai

4. Theo thanh phan monomer tham gia: Polymer dong thé
(homopolymer) va polymer dong trung hop (copolymer)
« Homopolymer: phan tir chita 1 loai mat xich co s&

nH,C=CH, >




1.7. Phan loai

Copolymer ngau nhié
(random copolymer)

Copolymer diéu hoa
(alternating copolymer)

Copolymer khoi
(block copolymer)

Copolymer ghép
(graft copolymer)

inulola



1.8. Danh phap

TABLE P.1 Source- and Structure-Based Names

Source-Based Names

Polyacrylonitrile
Poly(ethylene oxide)
Poly(ethylene terephthalate)
Polyisobutylene
Poly(methyl methacrylate)
Polypropylene
Polystyrene
Polytetrafluoroethylene
Poly(vinylacetate)
Poly(vinyl alcohol)
Poly(vinyl chloride)
Poly(vinyl butyral)

inulola

Structure-Based Names

Poly(1-cyanoethylene)
Polyoxyethylene
Polyoxyethyleneoxyterephthaloyl
Poly(1,1-dimethylethylene)
Poly[(T-methoxycarbonyl)-1-metylethylene]
Poly(1methylethylene)
Poly(1-phenylethylene)
Polydifluoromethylene
Poly(1-acetoxyethylene)
Poly(1-hydroxyethylene)
Poly(1-chloroethylene)
Poly[(2-propyl-1,3-dioxane-4,6-diyl)
methylene]




1.8. Danh phap

TABLE P.3 Abbreviations for Selected Polymeric Materials

Abbreviation Polymer Abbreviation Polymer

ABS Acrylonitrile-butadiene-styrene terpolymer CA Cellulose acetate

EP Epoxy HIPS High-impact polystyrene
MF Melamine-formaldehyde PAA Poly(acrylic acid)

PAN Polyacrylonitrile SBR Butadiene-styrene copolymer
PBT Poly(butylene terephthalate) PC Polycarbonate

PE Polyethylene PET, PETE Poly(ethylene terephthalate)
PF Phenyl-formaldehyde PMMA Poly(methyl methacrylate)
PP Polypropylene PPO Poly(phenylene oxide)

PS Polystyrene PTFE Polytetrafluoroethylene

PU Polyurethane PVA, PVAC Poly(vinyl acetate)

PVA, PVAI Poly(vinyl alcohol) PVB Poly(vinyl butyral)

PVC Poly(vinyl chloride) SAN Styrene-acrylonitrile

UF Urea-formaldehyde

inulola



1.9. Phan twr lwong cua polymer

« Phan tir lwong 1a cach dé thé hién kich thwé'c ctia mach
polymer

 Kich thudc cia polymer gép phan tao nén nhitng tinh chat doc
dao cua polymer.

« Khac voi hop chat cé phan tir luong thap, phan ti lwong cla
polymer chi la gia tri trung binh.

,,..\‘.;"1.:‘%

20 mers 16 mers

“toq 00

10 mers

= Phan tir lwvong trung binh (average molecular weight)

Am-ﬂ@m[s



1.9. Phan twr lwrong cua polymer

Total weight of polymer W XNM,

M = = ;
" Total number of molecules N >N

M - Phan tir lwrgng trung binh s6 (number average molecular weight)
N. S6 phan tir c6 phan tir lwgng M, (hoic s6 mol)
o _ N . A
M = z XM X =— X; ! p,hanAmol cua phan tw
= Z N. c6 phan tir lwgng M.
=1
M - P06 trung hop trung binh (average degree
P=—2~= of polymerization)
m, - b6 trung hop trung binh s6 (N, ) (number

average degree of polymerization)




w:: phian Khoi lwong cia phan tir cé phan tir lwrgng M.

P o trung hop trung binh s6 va trung binh khoi

NnIM” NW:MW
m m

(0]
0

A\fm-ﬂm[‘s



Relative viscosity : o
M= 1, ~ 7t m:solution viscosity

N, Solvent viscosity
t : flow time of solution
— t,: flow time of solvent

Specific viscosity :

M~ Mo - t, = Mper- 1
Reduced viscosity : Moo = _a'(':‘s _ Thrcel_l
: - In
Inherent viscosity : Ninh = %

Intrinsic viscosity : [n] =( (o )e=o=(Nir)C =0

P




1.9. Phan tir lwong cua polymer

A | - B |
FIGURE. Capillary viscometers : (A) Ubbelohde, and (B) Cannon-Fenske.

inulola




1.9. Phan twr lwrong cua polymer

Nsp
-

ul

Concentration

Aeulok



Mark-Houwink-Sakurada equation

[n] = KM

log[n] = logK + alogM,

(K, a : viscosity-Molecular weight constant)

M, >M,>M_

M, iscloserto M, than M,

inulola



TABLE. Representative Viscosity-Molecular Weight Constants?

<Eolyme Solvent Temperature, Molecular Weight ) ab
—— AN Og Rﬁnﬂi % 19_4 KPx 103

Polystyrene Cyclohexane 354 8-42¢ 80 0.50

(atactic)® Cyclihexane 50 4-137¢ 26.9 0.599
Benzene 25 3-61° 952 0.74

Polyethylene Decalin 135 3-100¢ 67.7 0.67

(low pressure) '

Poly(vinyl chloride) Benzyl alcohol ~ 155.4¢ 4-35¢ 156 0.50

_ Cyclohexanone 20 7-13f 13.7 1.0

Polybutadiene '

98% cis-1,4, 2% 1,2 Toluene 30 5-50f 30,5 0.725

97% trans-1,4, 3% 1,2 Toluene 30 5-16f 29'4 0.753

Polyacrylonitrile DMF¢ 25 5-27¢ 16.6 0.81
DMF 25 3-100 392 0.75

Poly(methyl methacrylate-co- '

styrene) 17.6

30-70 mol% 1-Chlorobutane 30 5-55¢ 4.9 0.67

71-29 mol% 1-Chlorobutane 30 4.18-81¢ 0.77 0.63

Poly(ethylene terephthalate)  n-cCresol 25 0.04-1.2f 2 46 0.95

Nylon 66 M-Cresol 25 1.4-5f 0.61

a\alue taken from Ref. 4e.

bSee text for explanation of these constants.
cAtactic defined in Chapter 3.

49 temperature.

&\Weight average.

‘Number average.
9N,N-dimethylformamide.

AW-HC}[‘L



1.9. Phan twr lwong cua polymer

Sw phan bé phan tir lwo'ng polymer
(Distribution of polymer molecular weight)

Number-average, M,

Tisé M,,/M, dwoc goi la dd da phan
tan (polydispersity Index (PDI))
Khi polydispersity = 1, polymer hoan
toan don phan tan (monodisperse)

Weight-average, My,

Amount of polymer —-

Molecular weight —=

inulola



1.9. Phan twr lwong cua polymer

Bai tap 1:

Twr dir liéu phan tir lugng cuia polymer nhu dudi day:

Hay xac dinh:

(a) Phan tir luong trung binh s6?

(b) Phan tir luong trung binh khéi?

(c) Biét rang do tring hop trung binh ctia vat liéu 1a 710, hdy cho biét
day la vat liéu polymer nao?

Molecular weight range (g/mol) X; W;
10,000-30,000 0.04 0.01
30,000-45,000 0.07 0.04
45,000-60,000 0.16 0.11
60,000-75,000 0.26 0.24
75,000-90,000 0.24 0.27
90,000-105,000 0.12 0.16

105,000-120,000 0.08 0.12
120,000-135,000 0.03 0.05

&m!ﬁrnm




1.9. Phan twr lwong cua polymer

Bai tap 2:
Mot mau PVC ¢6 phan bd phan khéi luong nhw duéi day:

Mean mol. wt. 7
(x 10-3)

X4c dinh M, , M, va PDI?

JR s BN



2.0. Cac phwong phap xac dinh phan tir lwong cua polymer

Sac ky thim gel (Gel Permeation Chromatography (GPC))

Mobile
phase 1‘

rasarvolr Pump

Detaector
Column o >
Data

system
|| Detector
-1

Injection
valve

gl % ﬂ
'-'..-l::!L ........................ - " —"‘I N—
= 1
Samipe alution time
Chromatogram

Sor dd thiét bi GPC

inulola



2.0. Cac phwong phap xac dinh phan tir lwong cua polymer

Sac ky thim gel
Small Laroe
Permeating Excluded
Mbolecules Mbolecuiles

Void
Voiume

Bulk
Movement
0

olhvent

Nguyén tac phwong phdp GPC

inulola



2.0. Cac phwong phap xac dinh phan tir lwong cua polymer

Sac ky thim gel |
Intermediate
2 molecular weight
High molecular A
ight
W9 Low molecular
” weight
@
O
= | | ] |
2
S |Sample
< [Injection
I I

ra Y Y
|\ £ I

1CV Column volumes (CV)

Nguyén tac phwong phdp GPC




Sac ky tham gel

2.0. Cac phwong phap xac dinh phan tir lwrong cua polymer

Near-monodisperse calibration standard (e.g. PS)

Polymer solution pumped

Packed column
of beads

L]
VA v
L ™ . ‘_’l_/_,a-“’d
e
[ ]
el beads hasme pores in

thein of a defined size range
which allows smallsy

moleculez to enter hut
excludes molecules lager
than the pore diameters,

5 um microporous
polystyrene (PS) beads

inulola

at a constant flow rate

= =— Molecules
amaller than
gel bead pores

tl me = =— [Molecules
EE—— laxger than gel
hiead pores

)
eele

Detector (e.g. UV, IR
refractive index, etc.)

Signal

\

High MW

A

Polydisperse
sample

Low MW

Elution volume
(or time)

Nguyén tac phwong phdp GPC




2.0. Cac phwong phap xac dinh phan tir lwong cua polymer

Khdi phé MALDI (matrix-assisted laser desorption/ionization mass
spectroscopy - khdi phé giai hip/ion héa laser dwoc hé tror béi chat

néen) .
sample ultraviolet N OH
prohe |:|M laser

l:ath(nde \ - anode

/ Axit trans-cinnamic

vacuum q{—_l \““i— & E‘-/ E 5
| 3 E [ o
\1 dete c/tnr @\)-ko H
voltage
potential OH

readout

Axit 2,5-dihydroxybenzoic

Nguyén tac phwong phdp khéi phé MALDI

Am-ﬂ@m[s



2.0. Cac phwong phap xac dinh phan tir lwong cua polymer

Khéi phé MALDI

SO0 phan tir

-"h'w..-'w..-"w.. *-..-"*-..-"*-..-"*-..-"*-..-"*-..-"x—‘x—‘x—‘x—‘x-‘x—‘x—‘x—‘x“xﬁuﬁx

Thoigian @ — =

<«—— Phan tir lwong

Nguyén tdc phwong phdp khoi phé MALDI

AW-BCD[‘L



