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1. In tro d u c tio n

P o lyu re thancs a re  block copolymers composed of a lte rn a tin g  sh o rt h a rd  segm ents 
and long ílexible soft segm ents th a t  a re  therm odyĩiam ically  incom patible a t  the 
tem p era tu re  of use [1,2]. P h ase  separation  of segm ented po lyure thanes (SPU) w ith a 
lim ited h ard  segm ent con ten t resu lts  in  h ard  segm ent rich dom ains dispersed in a 
continuous m atrix  of th e  soft segm ents [3]. The h a rd  dom ains act as physical crosslink 
providing th e  polym er w ith  m echanical s tren g th  w hile the  soft m atrix  contributes to 
the elastom eric p roperties [4,5]. The m ain  factors inA uencing the  h ard  dom ain cohesion 
and the re su ltin g  phase  sep ara tio n  include hydrogen bonding and  crystallization  [4].

Several s tra teg ie s  have been proposed to íu r th e r  im prove th e  surface properties 
for po lyurethanes [5]. In th is respect, polyethylene oxide rich suríaces th a t  non 
selectively repel p ro te ins and  cells have been p repared  and  evaluated  [6,7]. In  the 
p resen t work, a novel PEG -containing chain  ex ten d er w as synthesized  and  the 
potential use of th is  chain  ex tender for the  synthesis of segm ented po lyurethanes was 
investigated. T hus, a series of am phiphilic copolym ers w ith  PEG side chains of 
d ifferent MW w ere prepared . This artic le described th e  syn thesis  and  cheraical 
characteriza tion  of both the  novel chain ex tender and  th e  re su lta n t grafted 
polyurethanes.

2. E x p e rim en ta l

2.1. M aterials

All solvents w ere used as received, except for pyrid ine (dried on CaH2) and 
dichlorom ethane (dried on P 20 5). Poly(THF-CD), a special polyether polycarbonate diol 
w ith MW 2000 and  based  on Poly(THF) w as obtained  from BASF. The a-hydroxy-cừ- 
m ethoxypolyethylene glycols (MPEG) were obtained from Ja n se n  (MW350), Acros 
(MW550, 750, 1000) and  Polym er Laboratories (MW 1900) respectively. Both
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Poly(THF-CD) and  th e  M PE G ’s w ere d ried  a t  60°c for 6 hours u n d e r reduced p re s s u re  
im m ediately  before use. H exam ethy lene  d iisocyanate  (HMDI), b u tan e  diol (BD)., 
d ibu ty ltin  d iace ta te  (DBTDAc), d ie thano l am ine (DEA) and  tosylchloride (TsCl) w e re  
used as received.

2.2. C haracterization  m ethods

1H -N M R  spectroscopy

AU 'H -N M R  spectroscopy an alyses w ere recorded  in  d e u te ra ted  chloroform on ai 
B rucker 360 M H z in s tru m e n t. T he chem ical sh ift w as expressed  in ppm re la tiv e  tC) 
te tra m th y l s ilan e  as  in te rn a l S tandard .

GPC ana lysis

G PC an a ly ses  w ere perforraed  on 1% (w/v) so lu tion  in NM P. T he s ty ragel columru 
(Polym er L aborato ries, 104-105 A°) w as o p era ted  a t  45°c  and  a flow ra te  of 1 m l/m in. A  
re írac to m ete r w as u sed  for detection  aríd th e  d a ta  an a ly sis  w as done w ith a  W a te rs  
D ata M odule M 730. T he re la tiv e  m olecular w eigh ts and  th e  polydispersity  of th e  
sam ples w ere calcu la ted  u sin g  a  n arro w  m olecu lar w eight polystyrene Standard 
calib ration  curve.

F T -IR  spectroscopy

FT-IR  spectroscopy w as perform ed on th in  íĩlm a cast from a 1% (w/v) solution in  
chloroform d irectly  onto K B r coins. T h e  sp ec tra  w ere  recorded on a P erk in -E lm er 1600 
spectrom eter an d  w ere th e  average of 16 scans a t  a  reso lu tion  of 4 cm '1.

3. R esu lts  a n d  d iscu ss ỉo n

8.1. S yn th esis o f  PE G -containing Chain ex ten d er Ax

S ta rtin g  m ateria ls  used include a-hydroxy-a>-methoxypolyethylene glycols (MPEG) 
of m olecular w eigh ts 350, 550, 750, 1000 an d  1900.

T he d io l-te rm in a ted  PEG  m acrom er Ax is easily  p repared  via a two step  reaction  
procedure (F ig .l). To a so lu tion  of M PEG  in  25 m l of d ich lorom ethane, 12 ml of dried  
pyridine an d  0.08 m m oles tosylchloride w ere added  in  a  period of 20 m inutes. The 
m ix ture w as reac ted  o v ern ig h t a t  4°c an d  su b seq u en tly  cooled to  0°c. Then, 20 ml of 
concen tra ted  HC1, 50 g ram s of ice an d  20 m l d ich lorom ethane w ere added. T he organic 
phse w as iso la ted  an d  w ash ed  successively w ith  a  3 M HCL solution, a s a tu ra te d  NaCl 
solution an d  a  5% N a H C 0 3. A fter d ry ing  on M g S 0 4 th e  so lu tion  w as concentrated  
un d er reduced  p re ssu re  an d  p rec ip ita ted  in  hexane. T he re su ltin g  a-hydroxy-co-toayl- 
polyethylene oxide (M PEG-Ts) w as iso la ted  by íìltra tio n  an d  dried  u n d er reduced 
p ressu re  a t  room te m p e ra tu re .
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Fig.1. Synthesis of the PEG-containing Chain extender Ax

Two m m oles o f M PEG -Ts and  a large  excess of DEA w ere reac ted  in bulk for 4 
hours a t 90°c. A fter th e  add ition  of 10 ml of d istilled  w a te r, th e  reaction  m ix tu re  w as 
cooled to room te m p e ra tu re  and th e  form ed am m onium  s a lt  w as converted  to its  free 
am ine form w ith  10 ml of 0.5 M N aO H  solution. A fter th e  ex trac tio n  of th e  m ixture  
w ith  dichlorom ethane, th e  collected organic ph ases  w ere d ried  on M g S 0 4 and 
concentrated  u n d er reduced p ressu re . F u r th e r  p u rifica tion  of th e  chain  ex tender was 
varied  w ith the  MW of th e  M PEG chain . C hain  ex ten d e r A1900, A 1000 (solid) and 
A750, A550 w ere pu riíĩed  by p rec ip ita tio n  in  a la rg e  excess d ie th y le th e r a t  room 
tem p era tu re  and  0°c  respectively. C hain  ex ten d er A350 (liquid) w as ex trac ted  w ith 0.5 
M NaOH solution. All s tru c tu re s  w ere veriíĩed  u s in g  'H -N M R  spectroscopy. Peaks 
positions 2.68 an d  2.73 ppm  correspond to th e  a-N  a n d  p -0  m ethy lene p ro tons of th e  
PEG and  non-PEG  p a r t  of th e  chain  ex tender respectively . T he in teg ra tio n s  for both 
peaks re la te  to each  o ther as 1:2 in d ica tin g  coraplete coversion.

3.2. Synthesis o f  the am phiphilic PEG -containing grafted  polyurethanes

The segm ented  po lyu re th an es w ere p rep ared  by  a Standard two-8tep solution 
polym erization in  DM F (Fig.2). T he c a ta ly s t used  w as d ib u ty ltin  d iace ta te  (1%) and  th e  
to ta l concentration  of th e  reaction  m ix tu re  w as app ro x im ate ly  15% (w/v). The two 
reaction steps w ere carried  o u t u n d e r  a  N2 a tm o sp h ere  a t  90°c  an d  w ith  s tirrin g , for 1 
and  3 hours respectively . In  th e  f irs t step , th e  m acrodiol (PTH F-CD , MW 2000) was 
reacted w ith  th e  d iisocyanate  (HMDI) in  a 1:2 m o lar ra tio . T he prepolym er th u s  
obtained was su b seq u en tly  reacted  w ith  th e  P E G -con ta in ing  ch a in  ex tender in  
equivalent am oun ts. The re su ltin g  polym er w as iso la ted  by p rec ip ita tio n  in  d iethyl
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e th er or d istilled  w ate r and  dried u n d er reduced p ressu re . P u riíĩca tion  from low  
raolecular w eight products and  ca ta ly st w as perform ed by dissolving th e  polym er i n  
chloroíbrm and  precip ita tion  in hexane.

---------------0 C N R N H C 0 - K - C H 2C H 2C H 2C H 20 ) 7 r C 0 K C H 2 C H 2 C H 2C H 20 /|r -  CNHRNCO

3.3. IR- spectra

Figure 3 shows th e  IR spectrum  of a  po ly u re th an e  (PU) obtained. The typical 
functional groups of th e  PU  a re  shown clearly  in  th e  spectrura . For exam ple, NH- 
groups absorb a t 1522.6 c m '\  3377.9 cm '1 and  3330.7 cm '1. T he bands a t  3377.9 cra'1 
and  3330.7 cm '1 correspond to th e  non-bonded and  bonded N H -groups respectively. The
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Fig.2. Synthesis of amphiphilic PEG-containing grafted polyurethane*

V N U . Jo u rn a l o f  Science, N a t., Sci.,&  T ech ., T X Q ỈÌ , NcJ, 2007



/Amphiphilic polyurethanes with 23

p eak s a t 1713.6 cm 1 and  1719.7 cm 1 belong to th e  non-bonded and  bonded carbonyl 
g roups respectively. The e th e r groups appear a t  1040.4 c m 1. Very strong  peak a t 
1257.3 cm 1 corresponds to th e  C-O- group ad jacen t to carbonyl group. P a rtia lly  bonded 
NH- and  -C =0 groups in PU  possibly m ake it partia lly  p h ase  sep ara ted  [8].

rm m tn  B M P

Fig.3. IR spectrum of a polyurethane

3.4. 'H-NMR spectra and GPC analysis

The typical 'H -NM R spectrum  of a PU are  show n in  figure 4. In  th e  spectrum  
N H -group (1) ap p ears  a t  abou t 8 ppm. The CH2-group (2) ad jacen t to e th e r  group 
ap p ears  a t  ab o u t 4.2 ppm. T he o th er CH2- group (3) gives strong  peak  a t  1.8 ppm. I t  is 
seen th a t  th e  ob tained  PU  a re  very  well characterized.

Table 1 sum m arizes th e  h a rd  segm ent contents and  m olecular weight8 of the 
d iíĩe ren t am phiph ilic  polyurethanes. Codes for sam ples a re  a s  follows. e.g. PU-HT- 
A550, w here H, T and  550 rep resen t HMDI, PTH F-CD  and  a chain  ex tender w ith  a 
PEG  MW of 550 respectively. The reíerence polym er PU-HT-BD w as synthesized  vvith 
butanedio l as ch a in  ex tender and  as such it does no t con ta in  a PEG side chain. A irodel 
compound PƯ-HT was also included. This was prepared by reacting HMDI and PTHF- 
CD in equ iva len t am ounts u n d er the  sam e conditiona as for th e  p rep ara tio n  of the 
polyurethanes. T he w eight percentage of h a rd  seg raen ts (wt% HS) w as calcu ỉated  by 
com bining th e  vveight of th e  diisocyanate and  BD or th e  non-PEG  p a r t  of th e  PEG- 
containing ch ain  ex tender Ax.
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Table 1. GPC analysis and 'H-NMR spectroscopy of the PEG containing 
grafted polyurethanes and a model compound

Polymer Chain
extender

wt% HS Mn (GPC 
method)

d

PU-HT-BD BD 18.3 75,300 1.4
PU-HT-A350 A350 12.6 69,000 1.8
PU-HT-A550 A550 14.3 51,200 1.7
PU-HT-A750 A750 13.2 26,200 1.8

PU-HT-A1000 A1000 12.7 36,500 1.5
PU-HT-A1900 A1900 10.0 47,400 1.4

PU-HT - 7.9 67,200 1.5

As can be seen from the GPC data, all polymers have suíĩĩciently high m olecular 
weight and narrow  polydispersity to provide polym er ỉilms w ith good elastom eric 
properties.

C onclusion

In  th is article, the synthesis and characterization of a new, PEG-containing chain 
extender Ax are described. A series of am phiphilic PEG -grafted polyurethanes with 
diíĩerent PEG chain length was subsequently prepared  and well characterized by IR 
and 'H-NMR spectroscopy. All polymers containing th is  new chain extender had high 
molecular weights and narrow  polydispersity to provide polymer íĩlms w ith good 
elastoraeric properties.
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POLYURETAN AMPHIPHILIC VỚI HỢP CHAT N ối DÀI MẠCH 
CHỨA POLYETYLEN GLYCOL

PHẨN I: TỔNG HỢP VÀ ĐẶC TRƯNG TÍNH CHẤT

Phạm Ngọc Lân(1), Lưu Văn Bôi(S)
(X)Trung tâm  N ghiên cứu Vật liệu Polyme, Trường Đại học Bách khoa Hà Nội 

mKhoa Hóa học, Trường Đại học Khoa học T ự  nhiên, ĐHQGHN

Bài báo trình  bày vể nghiên cứu tổng hợp và đặc trưng  tính  chất của một loại
chất nối dài mạch mới Ax. C hất nối dài mạch loại mối này được dừng để tổng hợp một
số  po lyure tan  ghép PEG  có độ dài m ạch PEG  th ay  đổi (từ  350 đến 1900 Da). Đã sử 
dụng macrodiol PTHF-CD là một polyete diol đặc biệt với độ phân cực tăng  dần do có 
m ặt một lượng nhỏ nhóm cacbonat để tổng hợp các polyuretan. T ất cả sản phẩm 
polyuretan thu  được có khối lượng phân tử  khá cao và độ đa phân tán  tương đốì thếp. 
Cấu trúc polyme được xác định bằng phương pháp phổ hồng ngoại và cộng hưởng từ  hạ t 
nhân proton.

T ừ  k h ó a : Polyuretan  ghép PEG, chất nối d à i m ạch, khố i lượng p h â n  tử, độ đa  
phân  tán.
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