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X MUY I ARV — B A LB RS (MALDIMS) REMA7 B~ 77 7 4 — KRAEALS
A+ ALERSHTE (LCAPCIMS) ZHWT, KRBRICBIFZRYZFL+F T F (PEO), KUY R ¥
ZYNVEEAFIV (PMMA), RUTPEO LFY) FubL v+ 3 F (PPO) 28 < —0EESHOWNIEE
117z, 28 kHz h— Y HIOKFE BB FHEE X H N CENENORG T2 BT LML, ZORERERIC X
5 R OBALK O3 O Kk 2 JHICIT L 72, Z2o&E, FHSTEIRL S 2,6, 20, 2000
kDa @ EO 123 LC, BRHMMICIIRMAEDE L2 5 FEH O+ ) I~ —5FY (5 T#5 1000 Da) 4K L,
NS DGR E R L7z, B PMMA OBEHEEMETIE, FyET7—323 /285 OH: R H- D4
BAZE BT YA (b)) FBICMA T, FYvEF—3a YNTVOBEBIC X 575 (W) B
SFHEOPYRAMNE TR 5 2 EAVRE E N7, PEO-block-PPO DB/ R TIZ, /B O S5/ 72 iRk
fEAT 2 SREE O DYWL, PEO & PPO SO AHTED TR 2 2 LAVyh oz, BIZ, BEHED
U725 dhsgili S, AU 7 AR OBGRERY & OB 5 2 OBEFRIFILK U B EESR O R
PR E 72, PEO-block-PPO ORBE LRI, NFM UK Z T TR IV INVHIE G L TnwE T L

HREINTZ.

1 #& =l

VCAE, BEOH MS) &, < MY vy KB L —F— Rk
4%+ 4t (MALDI), =L 27 +a 27 L—4 % 1t (ESD),
B OKREFEALEA F 4L (APCI) DX %Y 7 A F 1L
FEORBEIZLY, ERBESTZ0TRLSEBTT O
CBWTHMEBATICHOOND XD ko720, 4
2, MALDI-MS (35 T84 7217 T7% {, NMR % IR 547
TP HEEEZ, SHE LGRS T O K E O
BHABZENTES.

L2L, 4 TmE2810000 288 2 % & W 45T @ MALDI-
MS 5B, RBABEECY MY v 7 2A0ERZIT->TH
W a2 % v, /2, BREWRAE T, 14+ ek
DFENZ X 5 TMALDI R A ARY MVDA F ViREEE 4
BORGWOFIERDPRKES RLD2HEN D L. i3S
FrH Ty va v EFERTYAS.

ESI % APCI O 1 #* {tikix, MALDI X 0 & iRE&WHAE
DAF YTy varyiFRI)ReTv. ERERRT S
72012, MSHEDHIZHAM 7 u~x + 27 7 4 — (RPLC),
A4 XY u<x v 5 74— (SEC) L#igru~ b
77 4 — (TLC) \Z & o THEE L7238 & 84 9 % LB
HbH. MZT, GREDTDESIMS A7 MV, Al

BV KSR iy T AR LR - W TR - 5648680 KRR
WRH T (LT 3-3-35

A F Y THREENL DA F Y E— 2 FALDEL ) THNT
HHEHE 72 2HE DD B, Aaserud S571E, SEC % H VTR
YRXE2Z7)VERAF IV (PMMA) % 4508 LT ESI-MS I 5E
TV, AF Y= OEL) S LLERHIFENTESZ
EERHELTWA. ESIICHRTAPCITHEON ST XA AN
7 MVIZIMMiA & 2R, ZDOART MVORBRIPES
Wbz, ERETTOAF AL HwWLNS.
Desmazieres 5% 1%, RPLC-APCI-MS % VT 7V F LD
R R) X2 5L v FHEGEH % 58 L CREEFT
BiTo7. F72, KVZFLYFLI7HL— VLK
TFLYFL 77 L= YD ZFNEFROBKA ) T =78
RPLC-APCI-MS THHT 72, TLC & MALDI-MS % # A&
GhbepE LT, K)ZFLyFFTF (PEO), RU T
QL xR (PPG) ERVAFITFRIAFL IS
Ja— (PTMG) DRAEMEZERASMEICHHET LI &
T, SEERTIIEM T & o 72 PIMG M L 723528
H2"W. LaL, ThooKER, EwsrTRMizbo
BT OHRO—HMOKS T RO 5% 58 LTV 5128

v, L72dio T, MO FRIEORS OGS 15
72, BRI XD mo R DT BB
5.

BEST RS TAT 2 LT, 0, S,
LIS % R L 720 B, e OB B e IR s %
BB TR E ) =R A =LAV ETHRT 5
7w, STOBYELEROHIIAE SN B 25, TTOKE
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(a) horn type (b) plate type
(low frequency, 28 kHz)  (high frequency, 400 kHz)
Fig. 1 Ultrasonic degradation system for (a) a horn-

and (b) a plate-type transducer.

RS2 MBI TER., TOMENIS )
T2 — LRI TS 5 720 AR TR $ 5 i b
HoD, BPRIBHEET Y. 200, FEREHTH®
FTAHAHENEEFN TS,

Feo RS BRI L Rk, /v =54 <=L N
X CHRT HMEMA D 5. Siegfried H1F, KT > 7%
WTEY 26-TAFNV-14-7 ==L VI F Y FONSRE
B DT 6 Z DR Z S I LT b 'Y,

F k5 (ultrasonic degradation ; UD) 12X B85
STORGTALICBNT, ThETICRY ZAFL VY, K
)7Ly KTy I RYTAFNAY
Y L—L Ryvopay FrPn EHE L o
BhHb. BRISBERERFT 2L F Y ET—Y 3 V%
AL, ORI EGORENR - MEORTY (kv
FAEY ) BT HP . B ZIE 20 kHz DHE W E
IRIBEWNCTRGT 3 5 & Ra o BRI R FTIYIZ 4300 K b O
25, 20k REiR T OREO T TKROEA
HEDEFEEE FOXy 7 VA M058ET 207, 2ok
REEY CTld L =— 7 R bS5 | Z i Sh b, @
WICHKTE2F YT —3 3 v 2FH L7Ab ¥ eI
B, AR mOTALRETTRORE, EEL L4 L0
BIOSHERTWAE, RETIE, BERIaHE - migyeg
DEWICHHHEINTWE, TOBEFRIZL B USHIC
IoT, AEESTOUMSREZ2EEZ5RTWS. &
NECTEESTOHTREOETIX SEC RHEMEIC & -
TiHMiE N TB Y, BIEMoOBEHEERBIGFICLY, A E
PEO, PMMA, FU7ZYUNLTIF (PAM), KUT7 2
VEETF NV (PBA) D41 10°~10° DEST-25, B O
SFRICETRSTILENS Z EFHEShTWEY, L
2L, BRGH% H 72 K50 5 O R 15 K OV 8 R O fRAT
FINFTIEEAEHESN TV RV,

AW, AR ORE, BT EEBOMT, WEE
WORELREDINT A =7 —IKETH LSO TV,
Behnajady 512 & 2 Ykt T W5 RIZ BT, I
BEEL, BEBEOMDAKRE L, pHAY2, #INF NaCl
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& H0, & ATz & ERANRB LT 5 LHEFShTw
%. F72, Sujay 5EHR Y ALY =V DR U5 O IR
IZXBBEEZFRN, 23~82TC DFPHIZEBNT, 23C D&
ERDTMTHEREL TV 5. Weissler H 1%, K
THREEBSICIVRAELI VIR TE =NV E
BHE, AV ERFHHT L EME LY. Zolois
WA ORI, KEEBEE LRI R SR
TWwh, ZOLHI, BEERIIES T2 TLTE
%729, BEWICL D ERES TORHE, SRESTO
AL & LCEH ST & 7227,

B WSRO TN AL AL 2 3 5 2 L 7
WRBETITZAAZ L ThHD. BIHEDLFETIS TR
Gk EAHZIY, BN AHEELY S OLEWEER L 72
DTED. BEWESREL D0 TEORDIE, HDIZEIY
WXL, FOREBEACHASTFEIZREL T
W 2O HZZLEH SN TIR AV, FrET—
ParvnNTUNERLTwAEwDbRITWS, F72, BE
WHROBSEDIGH E LT, 70y 7 RESEROGHIF]
AERTV RV, SWES TORERSME, FrE
F—3aviZ&b 1)OH:, H' 5V HNVOfLEIE, 27
FH W, i 8) KIS R T OB ENREKTH 5 &
ZzZzoNTwa, L, WEFEBHEIC X 2480
R Z DOERGRFRIZ OV T ORI R B2 134 % .

AFETiE, PEOY, PMMA®? @& EH) ¥ —% PEO &
KV FOELy+F2F (PPO) @K ) v —YOuEiic
A% % B4 LT, MALDI-TOFMS X3 LG-APCI-MS % H
T2 DGR R O K B OREEIRAT 2 4T o 7205 % vh
DNIRFT B, DR ORI IR EN D KE
B aR) = —BEPRLIN A I = XA DWTIHRRE.

2 WE P IREE

B30 AL, & — 2 B0 98 KHz {5 JE I 88 5 i 25
(UR-20P, Tomy Seiko) & {70 i il e & P 268 (JLdR
J& W e 400 kHz) ZHWTiro 7z (Fig. 1). —#&MIZ, &
G FONF RPN R OB EEI A TH Y, T
TANDOREEZIERBEPENTHLEHMONT VD
A= U MEEETIE, 1 mg/mLIREORBER (2 mL)
DHINZR— VRIERE)T 2 AN T, 8BS ER 28 kHz
THII20 W THRGHEBH 2175 72, I E T,
2 mL DETEASA 5 729 > T IV % K T R 50k
AT L72. VAR IR ERAEREET 15T & —EIlIC
L7-.

3 HEISHRE

31 MALDI-MS
MALDI < 2 A7 MU, FATHERRIRVE &M e AXIMA-
CFR (Shimadzu/Kratos) #H\W<T, V7L 7 ba viEA
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Fig. 2 MALDI-TOF mass spectra of ultrasonic degradation products of PEO6000 with
irradiation times of (a) 0 h, (b) 2 h, (c) 4 h, and (d) 8 h.

F v E—FTHEZ N, L—F— (837 nm) THEE LA
A d, BEFIEHLEAT20kV TH#ESHS. <
Vo2 AE -7 /-4 FaxT 44 ki (CHCA, 10
mg/mL) XIEY A5/ =)V (10 mg/mL) %, #FF /1t
#E Nal (1 mg/mL) w7z, #AFo Ric<w b)) v o2 2
RWAT AL T L — METMALDI 7L — b RICER %
PR WTOMEFE~ M) v 2 R, BF+ LA, &R
BOIHTH 5.

3:2 LC-APCI-MS

LC-APCIMS 1, LC ¥ HP1100 (Agilent Technologies),
MS 7% LCQ Deca XP Max (ThermoElectron) & fv»7z. il
ENLERHPAAT 400-4000, 1A F ¥ E— K Tirol. A524
I YMC-Pack ODS-A 3.0 X 100 mm 5 um (YMC Co., Ltd.)
FHW/.

5 B & 40 R B @ LC-MS #ll %€ T X, LC %% Prominence
(Shimadzu), MS 7% LTQ Orbitrap (ThermoElectron) %
w7z g B # B 2% 4004000, IEA 4 ¥ E— KT
fTo7z. B2 LEREFLODS # T A& SECH T A
(TSKgel SuperMultipore HZ-N +HZ-M 4.6 X 100 mm ;
TOSOH CORPORATION) @ 2 ffiffiz v 7z, #83 ik g
L7238 5 ul % LC fllsgicfit L2,

4 PEO OB

Fig. 213, 28 kHz 7 — ¥ BUEF R IEHE 2 H v THUIR
Mz 2L S E7- & X DFH5T-5 6000 D PEO (PEO6000
EFET) O MALDI Y A AXZ MV (m/z 950-8000) DZE

ba =T, BEHETO () 0h ®DAXZ MVIE, m/z 6000
AR E LM 44 u D PEO DY — 2 BN R 5. (b)
2 WE RSS9 % & PEO OBE LT HASHEZ D, m/z 6000
DY — 27 FEDOMIZ m/2 500-3000 O & PH |2 4835 9% 70 A2 i
WMoY — 278 (440l BRONL. BEERA (o) 4
BERIIC 7% B & m/z 3000-5000 12 53R 251 & R,
(d) 8WERIIZZ: B & HIZ m/z 6000 D ¥ — 7 BEE X RS
b, FARBYIE R Y O 5T 1000 FREE IR
5. RO 5 2000, 20000, 2000000 @ PEO 12
BWTH, MALDI ¥ A A7 bl PEO6000 DA & [
U X9 ISR HE L CToT 811 1000 FEEICPORS
5. IS OMRITMED SEC RN E DM R & —F L
TV,

4-1 KRusEDOEE

PEO DO REE W o A B O M 1L, MALDI-MS AX72 |
VRN 5 2 LI & o THE L7z Fig. 3 1B E I
8 I ] % @ PEO6000 D < A AXRZ bV OIERE (m/z
1050-1850) %R S. TDANRYZ Muh b 5 HEOY — 7
(A,A’,B,B,C) DHEETED. ¥—213T_TNaAF >
a7 CdHsb. =2 A, (nld PEO DY K LEAEL) 12,
WK e Fa ¥ 2V 3 o [HO-CH,CHy-(OCH,CH,) n-OH
+Nal " TH 5. [k, ¥—27 A I KRB VTR
ORI L FaF v [CH, = CH-(OCH,CH,)-OH
+Na] " TH 2, LIBRREETHLLEZOND. E—
27 By I, KMiD—HFMBRTFILVET, dH)—F»re Faxd
V#D [H-CH,CH»(OCH,CH,)-OH+Na] " TH 5. ¥—7~
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Fig. 3 MALDI-TOF mass spectrum of ultrasonic degradation products of PEO6000 with

the irradiation time of 8 h.
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Proposed ultrasonic degradation processes of PEO.

FIRETEL, FTTEUIC, BERICLY)RE-BEES
T AR E T X (5 YA NVEM ~CH,CHy ) & Y-
(~CH2CH2()-) PERT 2 (D). Xe DD U I3
N—DAEIVANETEREALCRL (). F2X T
THANPEEO FuxFI 3 I A0, d L IdoERY
Y—KEFIVANEFEEIND E A SRS (D). —
T, YDOKIS VA NHEEEI R v —DKET VAN
FRIEPELEBIC V), KES VI NLAEB| &SN D &
B Z%% (V).
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Fig. 4 MALDI mass spectra of different molecular weight PEOs with the irradiation
time of 8 h ; (a) M, =2 X 10%, (b) 6 X 10", (c) 2 X 10", and (d) 2 x 10°".

(V) 7ot ZATER L BASEERIC L > THIZH
F-MHEETURARE CZBERL, FRIKET TN
WEGIERLS E CHERT S (VD). HRWA A, B, B &
—BEBECAERT 525, ClETHEIRiASE X 2P AR L
B, BEEKPS TR M= MY NITEZ D LBEWGR
BFEIEILRW. 2ol Ehs, BEESRIIEKRST
DT THANVHEEBRL TS EEDNS.

B ROSFRARGAE D TR, FFRERORL S
PEO IS H W% S MRS L /2 & & MALDI A% kv
DK (m/z 1160-1210) % Fig. 4 I\ F. 45T 20000
& 2000000 D AR MV (¢, d) & 2000 DAXZ ML (a)
EHARD L, GFROBMIIAE - THYIZA DY — 27 28
WAL, COE=IZHMLTNWDE I D505, REE
B OFERIIZE D S DS, FHXF D S 2022 L L T
W5, ZOHMIE, COEBGERTIIZRYIR S LEL D
T, BATFTREEZOMEENIREL 250D EEZLN
5.

5 PMMA OBk 2

5-1 %% PMMA

28 kHz O & — > B & P %61 % F Vv C PMMA (M, =
1630, K¥iFlEHEH) o7 = bk (1/1=v/v)
BB S RIRG L2 & & 03P D MALDI < A AR
VDAL Fig. 5 1TRTY. Fig. 5a l2BWT, @ENEHR
BRI I3 1 5K L RIFE A5 100 u Td % PMMA @ Na ™ fHm4
FEBRB L. 8EMBE DAY bV TIE, MR
12X % PMMA OHRICE D BIIIS NS A 4 VO

%eom/z B3 700 45 F THA L7z (Fig. 5b). 7 fFERY O
KoL, WA EEDLSTHAN L SKEFEFTHo72
ZLnh, PEO OREEDFTIIRI 5 hdh o7z CCHA
OYIWAFRETVWDL EEZZ BN, ZO CCRADYIKIX
Scheme 2 ® (I) TRLZZFHMTRE, TOME, K

X+ (~CH,*), b L<IZY (~(CH;)CCOO(CH;)C*) DT Y
HNVDBERT B, ZNEDS VA NVHIKEET 25 X

T (&), ToELR L PMMAPEK TS EEZ S
N5, ZZTPMMADBEEMRICBVWTIEHIREZ L
1, Scheme 2 \Z/RT Z+ 5 T HWIZHFRT 5 54K H
BMHENZVWEWVWIZETHY, afid CCREEGDATY)
WHHEZ > TVWB I ENRENE. Tz, KEET O
AT D B HRRDB 72012, BEEZ KO D D IZEK
NIFETE M= MYV L TBERDEEZIT o 7255, EK
ErEHET LMD F VIS N e h ol LoT
KEFEF O EITHEE TIE % RO PMMA TH 5 &
Zibhb.

KL AE 2 5 PMMA (M, = 8300, K¥#i2Eid CH, & H)
WZOWT RGBSR 21T 572, oMM, HYTHE
23122 TIED PMMA R 2 CH, & H) YA
L, MR#EA3E2 H © PMMA 8P AsBak L 7-.

5:2 BAESTFEIF Y7 PMMA (n = 29)

FARIZ 28 kKHz Ok — R E K E % VT, PMMA
ORBEW S HBREWR ST V45 7 F v 7 PMMA
(n=29, KL ter-C,;H, & H) ZJH W THEL 7.
Fig. 6 (ZH ¥ ¥ 0 BRI X 5 PMMA 70 # O k&1 % 7R
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Fig. 5 MALDI-TOF mass spectra of ultrasonic degradation products of PMMA (M, = 1630);
the ultrasonication time of (a) 0 h and (b) 8 h.
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Scheme 2  Proposed ultrasonic degradation processes of PMMA.

T FREIETICIE PMMA RO RO Na W72l ZoTwa. ZonsTaaMeA (1) TREINLIERS
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Wi AT H Td S PMMA W A & ~ 25 m/2 1400 £ 312

Bl &7z (Fig. 6ac). THIITCDHFTROFEFTTH S (x_'u)gj

1
= - 1
C L, PMMA DRSS FoE e J?mexp( 20" (1)
CoTWwhEEZLNL., BBTEL =M ILOARDER
TlE, PEO O L FRRIBSESMITB I 54w, 304 ST Tuldom/z HOEYME, o Btk ET. ThE

FTCORP TG TREIMPIENEY, ORI L NOMGIREHIZ B 50 F 20 (FH) & BERIEBL
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Fig. 6 MALDI mass spectra of monodispers PMMA (n = 29); the ultrasonication time of (a) 0 s,
(b) 10s, (c) 20 s, (d) 60 s, (e) 30 min, (f) 50 min, (g) 2 h, (h) 4 h, (i) 6 h, and (j) 8 h.
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PMMA % @8 E W5 L7212d 20 b 59, §XTOPMMA

SR OM AN H TH D, tert-C,H, K¥ii &2 b D PMMA
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AW L 72 RIe s 2RV E TRl S hTwa 2 L v 5
VWA

PDLEORED? S, @O TRED S, BRITEIRISE S
% Unzipping € 7 VI & % PMMA O35 ik 5 # 8 #E o ]
BEMEARIEE N, 2F D, F T tert-CHy ZEAVEFIRIC X
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Fig. 8 MALDI mass spectra of PEO(5200)-block-PPO(1700) after ultrasonic irradiation of (a) 0,

(b) 1.5 h, (c) 1.5 h (m/z 1100-1280) and (d) 1.5 h (m/z 2900-3000).

to the estimated structures in Table 1 and 2.
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Fig. 9 Two-dimensional plots of LC-APCIIT-MS for (a) PEO(5200)-block-PPO(1700) and
(b) PEO (2700)-block-PPO (5500) after ultrasonic irradiation of 1.5 h and 8 h, respectively.
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Fig. 10 LC-APCIIT-MS spectra of (a) RT = 1.5-3 min (m/z 400 — 2000) and (b) RT = 12-16 min
(m/z 600 — 1200). The alphabet letters refer to the estimated structures in Table 1 and 2.

Table 1  Structure estimation of the EO chain in the high resolution LC-APCI-MS spectra

Oligomer structure n? Composition H™ adduct  theoretical mass RI”
A HO{\/O>H 25 C50 H103 O26 1119.67321 100
n
, Ox (@) G ~ g 5
Ay X0 H 24 C50 H101 O26 1117.65756
n
83

A’y )\O{\/O>H 24 C51 H105 025 1117.69394
n

B, Ho{\/(’)\%O 25 C51 H103 027 1147.66813
n
B, HO{\/C))\/ 25 C52 H107 026 1147.70451
n
HO. o)
C o%v >’H 24 C50 H101 027 1133.65247
n

e}
Cs HO\)\O%V())H 24 C51 H105 026 1183.68886

n

19

18

a) n : the degree of polymerization. b) RI: the relative intensity obtained from LC-APCI-MS.

BFEMIMA A 2B, L) bECERETHE SN S, Lo Tl 6:2 PEO(2700)-b-PPO(5500) & PEO(4000)-PPO(2000)-

BWESRC BT 2 BEEMINEROBERIREIE, KoTFILHER  PEO(4000)

BEThHHEEDLNS. 6:2:1 LCAPCIMS 28 kHz O & — ¥ B85 i 3 &
\Z & % PEO(5200)-b-PPO(1700) D iz A1 D LI 1%, EO &
PO SHDOREAI TR 2 Z AR ENz. A Z ofs
Wco7ay 7 RELAEKOBERSHIL, EO L PO D
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Table 2 Structure estimation of the PO chain in the high resolution LC-APCI-MS spectra

Oligomer structure n? Composition H" adduct  theoretical mass R1"”
a HO{YO>H 19 C57 H117 020 1121.81827 10
n
a H<YO>\/\O/\ 18 C58 H119 O19 1119.83401 100
n
b H0<ﬁ/0>\ 19 C58 H119 020 1135.82892 1.5
n
c HO{YO>\/ 18 C56 H115 019 1091.80271 <1
n
d Ho\/\oﬁ/c%{ 18 C56 H115 020 1107.79762 1.6
n
d O%/\Oﬁ/(%{ 18 €56 H113 020 1105.78197 2.9
n

a) n : the degree of polymerization. b) RI:

(A) 1119.673
[M+H]*(n=25)

by

A

1119.6 1119.7 1119.8
m/z
B) 1147.670

[M+H]*(n=25)

w4 o>

1147.706
1147.6  1147.7 1147.8
m/z
Fig. 11
of 1.5 h.
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W28 LT m/z 2400 F T, PO SHO R 5 E R O PO @
BFEDB500 123 LT m/z 400035 TTHHRL TS

the relative intensity obtained from LC-APCI-MS.

(A% 1117.694 [M+H]*(n=24)

oy | o0

A’y
1117.658

1117.5 1117.7

m/z

1117.9

© 1133.690 [M-+H]*(n=24)

oot o {V Iy

1

1133.654

1133.6 1133.7

m/z

1133.8

LC-APCl-orbitrap-MS spectra of PEO(5200)-block-PPO(1700) after ultrasonic irradiation
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Fig. 12 LC-APCl-orbitrap-MS spectra of thermal deg-
radation products of PEO (5200)-block-PPO (1700).
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Fig. 13 MALDI mass spectra of melitten peptide after the ultrasonic irradiation of 1 h.
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Fig. 14 Sonoluminescence of luminol reactions and ultrasonic degradation of PEO6000
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Ultrasonic degradations of polyethylene oxide (PEO), polymethyl methacrylate (PMMA) and
polyethylene oxide-block-propylene oxide (PPO) copolymers in aqueous media were studied
using matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS) and liquid-
chromatography atmospheric pressure chemical ionization mass spectrometry (LC-APCI-MS).
The ultrasonic degradation of the polymers with a horn-type 28 kHz oscillator was monitored
as a function of the ultrasonication duration to examine the structural details of ultrasonic deg-
radation polymers. The ultrasonication of a PEO solution produced five types of oligomers
(Mn = ca. 1000 Da) with different end groups, irrespective of the initial average molecular
masses (Mn) 2, 6, 20, and 2000 kDa.  Several degradation pathways with free radical reactions
were suggested to explain these degradation products. On the other hand, ultrasonication of
PMMA (Mn 1630 Da) and uniform PMMA (n = 29) generated only one type of degradation
oligomer. In addition to chemical reactions with OH- and H- radicals, the results indicated
that primary degradation takes place near at the center of the polymer chains by mechanical
forces generated around collapsing cavitation bubbles. Ultrasonic degradation of PEO-block-
PPO copolymers consisting of a hydrophilic and a hydrophobic portion was studied to deter-
mine the location of bonds involved in the initial scission of the copolymers. A detailed struc-
tural analysis of the degradation products indicated that the initial bond scissions occurred
principally at the boundary regions between the backbones of PEO and PPO chains.  Further
structural analysis revealed the presence of oxygen adducts in the degradation products. By a
comparison with a thermal degradation carried out in a helium atmosphere, one can conclude
that the oxygen adducts are formed by radical reactions with water or dissolving oxygen mole-
cules. The study demonstrated that chemical reactions as well as physical bond stress scissions
are involved in the ultrasonic degradation of the copolymers.

Keywords : ultrasonic degradations ; polyethylene oxide (PEO); polymethyl methacrylate
(PMMA); block copolymers ; MALDI-MS, LC-MS.



