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Absorption estimation of rubbers by terahertz time-domain spectroscopy

Yasuyuki HIRAKAWA, Kazunori SERITA*!, Toyohiko GONDOH, Tetsuo MORI
Kei TAKEYA*2, Masayoshi TONOUCHI*?, Hideyuki OHTAKE*3, Tomoya HIROSUMI*3

Terahertz time-domain spectroscopy (THz-TDS) was tried to be applied to estimate absorption of rubbers. In this
study, several kinds of rubbers with no additives were investigated and compared by THz-TDS. It was found that
absorption spectra of these rubbers in the THz region were different each other. This result suggests that the THz-
TDS method has a potential to be a useful analytical method for rubbers and their compounds.

Keywords: Terahertz, THz-TDS, rubber, absorption
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DEIWTHERE D B, HEE DD DONET H{LEH
BEEDRVIREDEENRENI EZREL TN
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Soluble Polyimides (5)
— Synthesis and properties of soluble polyimides bearing long-chain alkyl groups via phenylester linkages —

Yusuke TSUDA, Ryuichi NAKAMURA*!, Syouko OSAJIMA*2, Takaaki MATSUDA

Novel diamine monomers, DPCPBA having three long-chain alkyl groups (carbon number: 10, 12) connected by
phenylester linkages were synthesized via six step reactions from Gallic acid methyl ester. The novel polyimides and
copolyimides having long-chain alkyl groups on their side chains were synthesized from DPCPBA, Cyclohexene-
DA or DSDA as a tetracarboxilic dianhydride, and DDE as a diamine co-monomer. The molecular weights of these
soluble polyimides were relatively low, however, all polyimides showed the good film forming ability.

These polyimides showed the good solubility in various organic solvents, and high glass transition temperatures
and the high thermal stabilities. It was observed that the films obtained from these soluble polyimides having long-
chain alkyl groups indicated the high hydrophobicity by the water contact angle measurements.

Keywords: polyimide / solubility / long-chain alkyl group /surface property / phenyl ester linkage

1. ¥

(]

RUA 2 RIIMEE, BMAYTRE, BRI
IZEN RS T TH Y, T+ A7 L (LCD)
BT B EEECAIE, 8K O E IR R & &
LTHHEHZED TWEDD, —F, MELEGEZE
T2, ~MICERBEICEMRLIZKVWESORX
REBEL, RUA I RT74INVLZEEDITE, AiERIEK
DRY T 2w VBOBEMETRAEMT U, iR L
THSRTNER ST, 7Ot AMICEREBNND
BT I RMEREDORY =S HIEL /-0 &
SORMEALTVWDS, ZIT, MEMEEOHHEZE
MRFL72%E, NUA I RORETT 1)Lk A
REZR, AHABLTH T DAY 2 M LS B nE
RUA 2 ROMEN THONTWS,

—IRR Y A 2 RORFRITE, 7 v FEREDE
A, BE#ET7IVFNEOEA, RRABHEOEBALRE
MNHO, N6 DHTEMEBREKYOFITMAS
GaEHBEEDT I OHITMASHED DT
ERHISN TN S, AFRBICBVWTFIEERLT -

FRE2IES A2IH 2
*LE TR A A i
RERREE, B ALUNTISERER AR
Copyright 2009 ARk T3 m 55 H 28K

T IV 2B K DB AT KB AEER Y A 2
R, ROEHT N FNEEZEHTLHEBRS T I >
Bl INsEZRIAIROE/Y—E L THW
% Z ETREYIVFIVEZ[EHITEA L 2 iE TR
UA 2 RERBIITHIEL TWDI), £, fiH
CHBNWTRHEHEYIVFINEZEATIHLWFES
LT, 3D RFIIVEEET DPercec 1 T DHIL
RFIIINEZRETLHHE-HMAT > RO [3,4,5-
tris(dodecyloxy)benzoic acid, 12GA]Z 7 = / —)L £
OH}M:%#H TSR YA 2 RIIN,N -dicyclohexylcar-
bodiimide (DCC)Z filifit & U CTHW A @ n T RINIT X
LEAZEITVY, @ TR CTENZINEE S E R
AI2RVAI BB ND T EamiLizo,
AR TIE, U <12GAZ3FEDEHT L F L5
EHIR BT 770y EL, IhEddor o
TIIVIATIVEEG CHRE L3RI 7 2|/ <v—
DPCPBA-10,12 [4-(3,5-diaminophenylcarboxy phenyl
1,4,5-tris (alkyloxy)benzoate, 10 = decyl, 12 = dodecyl)]
(Figure DZHHICER LR A I REKICEATS
Z&T, MEHIC3EO KRB IIVFIVEET 22V
ATIHEE THALLTEERY A 2 FOGRER
Hlzo FHNTFEMERY A X RIEBOR BEninn
(dl/g) & SEC (LiBr 10mM in NMP)IZ & 0 73 T & 2 2
U, &, TEWE, 74 )V ARBOKITHT S8
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i & DEMEERE Lz, FE5HBOMFTELT
AR THEONTZRIYA 2 RT7 1 VLI 217
W, KITHY B A7 E ORI DZE L Z X
LZFETCHD, D7 2 2V T X T I)VHEEIEL,4-
hydroquinone ZEARFIK &L TEMEL TS, Z
OMAEE U TG L B RO/ 2 EAL23 U)W
INPTNEEZZLBTH S,

(CIJHz)nCHs

CH3(CH2)n\O O/(CHZ)nCHS

HoN NH,

DPCPBA-12 (n = 11)
DPCPBA-10 (n=9)

Figure 1.  Structure of DPCPBA

2. £ B
2.1 S ZEE

RUAIROE/Y—HIZLUTOREA—T—IT
KHEBTMEIHEMES L — K220 EMHL /=
5-(2,5-dioxotetrahydrofuryl) -3-methyl-3-cyclohexene-
1,2-dicarboxylic anhydride [cyclohexene-DA, DIC (¥£)
#1 EPICLON B-4400], 3,3" ,4,4" -diphenylsulfone tetrac-
arboxylic dianhydride [DSDA, #t H AL (k) 81 7
2w RDSDA] , 4,4 -diaminodiphenylether (DDE, Fl&#
ke - @MEL—R), RUA I ROEARIK
i F U 7=N-methyl -2-pyrrolidone (NMP) |3 B8 Bl 244
EME L —REZTOEE[HHL

O, T/ X—GK, BERERE, YTERES
EITHWSHAFEEITE bR D U <IEFDEHIZE DR
WEdEE 2 Y, KIS W 2B E A sR IR K
Btz Fn 7z,

228 =E

NMR, IR HIE

'H NMRIZJEOL JNM-AL400 FT NMRZ H WY,
CDCIH L < 1ZDMSO-ds % /K FILIALRE & U THW,
TMSZ NERERE & U THIE L 7z, IRIZJASCO FT/IR-
470 plusZ FVY, KBrighAl® L<IERU =7 1)L A
ZRHWTHIE L 7=,

XTERE BEAIE

RUT7 IV IBRORIA I REFr /2T
> A BREEEEE (TOP® C-031211-2) Z W TNMPH!
(B ; R <Y —470.5 g/ NMP100 ml), 30 ‘CIZHBIF
% WK ninn (dL/g ) 2RO THTEORE & L,
RUT7 I I7BOEE, 10 wt %R 7 2 v 7R
WEAZAT T AIT1.25 g k&L, NMPZIA T
25mlE L7z. RUA 2 ROBH, BEGIEZOME
RUA 2 RZE0.050 g2 k5L, NMP 10 mlZ A 7=,
PR Z-NMPYAHKR 10 mlZKEEFHTANT, 30 Cic
E U 7 iRl THIE 217 o 7o T BREERH R 7 1%
LA IR,
Minh = { In(t/to) } /C
t : ABHAIR D% FEEHE (s)
to : NMPD V% FIRffH] (s)
C : NMP 100 mliZXtd 2R U ¥ —Dgk

SECHIE

RUA 2 ROHTEIZ, 10 mM DLiBrZz & ONMP
IR (BEIHH) & L, HLC-8020 (TOSOHH) 12 &
DTSK—GEL ALPHA—M ZH 5L &L THWHE
U7z, HEREHEE I 2mg2mlE U, BHEIZE=R
SN, EERYZFLOE2HNWSIZET, KU
AF L HE D 5 & (Mw, Mn, Mw/Mn) % R 7=,

B R RE

/BONTRU A 2 B OLFRTTEVE 2 B &E
(Thermo-gravimetric Analysis ; TGA) IZ & D TGA-50 (&
BEUERTE) ZHWTHELE. —H, 250CET
Tl e— hEITWERRBBEZHERS %, FiEH
%10 C/ min& LT, EH#HH L IFzKHhsFH
[ TI0 YoH SE)F AR 2 H i U b 2 B4k o R
&Ll
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15 REBIREANE
HoNLRUAIE AR DSwt%NMPIFIR %
TIWIZILAY TIZFYARL, Fy b7 L—h
ZHW, 100-120°C THA A Z R S E, 100C
TR EZEGERE LR A 2 R T VL EFz, Z
DT 4 )b I DEERRAT T ZL 1 2 2R E  (Thermo
Mechanical Analysis ; TMA) 12X D TMA-50 (&8
TEFTED) Z2FWTHIE Lz, REZ{EIE, 10 °C/min
ELT, EFPFTHREL, ®/EE GHRAE—R
THIE 5 fiE10g) KO T XEEBIEE 2 HIE Lz,

BRMEEER

BFHNIZRY A 2 N OEMIEZLIT OFEFED AR
NMP, N,N-dimethylformamide (DMF), N,N-
dimethylacetamide (DMAc), dimethylsulfoxide (DMSO),
1,3-dimethyl-2-imidazolidinone (DMI), m-cresol,
tetrahydrofuran (THF), dichloromethane, chloroform
ERWTHEL 7z, SEOBEEZRY < —RBENS
Wt%IZ78% KDY > FIVRICMA T, iR T—8
iE LA fRIEZ X7z, B THEMRLEDDE S,
il TIREM L7203, 70 CTIL2IREEL U ISR L
D% Sh), —HUNEMRLEN>7ZHDZEPS,
FoRKBMRUIBIST=bD% 1 & LT L 72,

EaERE
"monzRUA 2 R4 )V LAORBEYEERND
HAYTARIZH T 2 Hefil /4 2 Bl /4 51 CA-DRY (A
Rk E) 2 HWTHIEL 2. BIEH R
BAI3SEMEER LN —F (10mm#) 120.5-2.0
wt% DR 1 2 KA ZF + A b L 100-120C TR %
IR 2R I, 100CTI2KMERERT S 2
ETHE, HEAARER QWO K E IITEEN
1.Smm& U, AL, WENERO—HTH 2
EWVWSHZICEDEEH L /=,

2.327Xr%E/~<— (DPCPBA-10,12) D&ERk

XHRIZFREHE D HIEICHEN, T v 7 AF IV (1)
E7IIFI T 02 R EDWilliamson T — 7 )UK K i
TT7INFINIT—FIVIKQa, b) 215 T, IhbZ/KE
L) T LAWK RS % 2 & THIVR ERK
(Ga,b) 2f3/z . ZOHNINKRCBEKEEINT 12T T
Oy &L, NODIVRiERLEZHNLAEEERICEK
0 DPCPBA-12,10% Figure 2IZ /RS HETHERK L /2.

3,4,5-tris(dodecyloxy)benzoic acid (3a)

Mp. 59.6 °C; 'H NMR (CDCl3): 60.88 (t, 9H, CH3,
J=6.4 Hz), 1.20-1.34 (m, 48H, CH3(CH2)3), 1.36-1.50 (m,
6H,CH2CH2CH20Ar), 1.67-1.75 (m, 6H, CH2CH20Ar),
3.86-3.96 (m, 6H, CH20Ar), 7.19 (s, 2H, 2,6-ArH) ppm;
IR (KBr): 2920 and 2850 (CH), 1760 (C=0), 1230 (-O-)

cml.

3,4,5-tris(decyloxy)benzoic acid (3b)

Mp. 53.1 °C; 'H NMR (CDCl3): 60.88 (t, 9H, CH3,
J=6.4 Hz), 1.28-1.48 (m, 36H, CH3(CH2)s), 1.27-1.48 (m,
6H, CH2CH2CH20Ar), 1.78 (m, 6H, CH2CH20Ar), 4.00
(m, 6H, CH20Ar), 7.26 (s, 2H, 2,6-ArH) ppm; IR (KBr):
2920 and 2850 (CH), 1680 (C=0), 1230 (-O-) cm!.

300mlDF A7 T A& HANT, FIVIE B (a,
10g, 14.8 mmol) £4-X> DIV AFT T = /=)L (4,
2.73g, 13.6 mmol) ZiAMHE 7 00 A% > (CH2Cl2)
#1100 ml IZHHA TR S B 724, AN N-2 A
FI—4—=73 /YT (DMAP) ¥ 1 g EiKHES
F1,3-2270NF VIR A 2 RDCO)6.1 g
A TEAEL, FAIINAHTS0 °C, 3 hr NBGEFR
Bi{Tol, /00Xy > EERELKS L TTLCT
ROS5E T 2R L 72 Re=0.95), A1 ILNZAMS T
AT AAZWOHL, BREFTHETE13-D
7aNFI)VRFE DCU) B Lz, —HD A%
HWziglickvDCUEREL ., INRL—F%
AnwTrrooxy > z-EL, BREBHEELTY
JUOORAY > EFER LT LZORNT T7 4 —
I0E—EEZENL, INKRL—FEHWY OO
AZ > ER-ELUZ, Boniitamza LTy /) —ILE
100 mI CH#ER L, BRTEZREGERELLE, NP
IVRFERAER (Sa) 11.2 g 2157z (Yield 88 %), NPl
REEUR (5b) BRIBRDFIETERL 72 (Yield 87 %)

N D IVAREILAR (52,20 g, 18.2 mmol) & A Y J —
JL10 ml&ETHF 100 mlOREEEICEMRSE, 20
%, 10wt% Pd/C 1.50 g& A7z, AHERRMEES BUE
AR, HEfAlE T E (CHA-200) 2V, 03 M
Pa, =i, | hOFM R THKEDRIC X O Bt
BfTolc. —EOAMEHWTPICEREL, PV
OO AY 2% REREREE U TTLCTRINGE | &R
L7z R=0.1)s TINRL—% TR R OREIC L >
THECEM I E-E L, BRTEEGEL Y o
J —I)UK (6a) %18.6 g £57= (Yield 96 %) .
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OH
HO OH

OR

OR
RO OR RO OR

3 RBF, K2003 KOH

DMF, 70°C, 12h
 70%C, EtOH, reflux, 4h

O OCHs 0~ "OCHj, o OH
3a: R = {(CH,),,CH
! 2a: R < {CHa) CH, 30 R = (CHNEH

2b:R= -(CH2)9CH3

OR OR
RO OR RO OR
OH
DCC, DMAP H2 (0.2-0.3MPa), Pd/C
cc 0”0 ( ) (o]
3a,b  + L CHiCl, 50°C, 3n © EtOH/THF, r. t, 5h
© o) HO
6a:R= '(CH2)11CH3
4 6b: R = -(CH,),CH;
5a:R= -(CH2)11CH3
5b: R = -(CH2)90H3
OR OR
RO OR
RO OR
H2 (0.2-0.3MPa), Pd/C
HO (0] (Oe)
DCC / DMAP in CH,Cl, (0o EtOH/THF, r. t, 5h
6a,b +
O;N NO
2 2 o o
Oy O
7
HoN NH
OzN NOZ 2 2
8a: R = -(CHp);,CH DPCPBA-12: R = -(CHp);1CH,
8b: R = -(CH,)sCH; DPCPBA-10: R = +(CH,)¢CH;

Figure 2. Synthesis of DPCPBA

7/ —=)UE (6b) BFRIKDGIETHM Lz (Yield  cm.
96 %),
Benzyl protected compound (5b)

Benzyl protected compound (5a) Mp. 38.4 °C; 'H NMR (CDCI3): 6 0.88(t, 9H, CH3, ] =
Mp. 59.1 °C; 'H NMR(CDCl3): 60.88(t, 9H, CH3, J = 6.0 Hz), 1.22-1.28 (m, 36H, CH3 (CH2)6), 1.48-1.59 (m,
6.0 Hz), 1.26-1.33 (m, 48H, CH3(CH2)s), 1.48-1.58(m,  6H, CH2CH2CH20Ar), 1.74-1.85 (m, 6H, CH2CH20Ar) ,
6H, CH2CH2CH20AT), 1.72-1.93 (m, 6H, CH2CH20AT),  4.02-4.07 (m, 6H, CH20Ar), 5.07(s, 2H, ArOCH2Ar),
4.02-4.06 (m, 6H, CH20Ar), 5.08 (s, 2H, ArOCH2Ar),  7.00(d, 2H, HC, ] =9.0 Hz), 7.10(d 2H, HB, ] = 9.0 Hz),
7.01(d, 2H, HC, J = 9.0 Hz), 7.10(d 2H, HB, J = 9.0 7.25-7.45(m, 7H, Ha, Hp, He, HF) ppm (Figure 3); IR
Hz), 7.32-7.45 (m, 7H, Ha, Hp, He, Hr) ppm (Figure 3); (KBr) : 2920 and 2850(CH), 1710 (C=0), 1190(-0-)
IR (KBr) : 2920 and 2850 (CH), 1710 (C=0), 1190 (-0-) cml.
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Phenol compound (6a) vrranFUIIVHIINEKRIA IR (DCC) 58 g %

Mp. 63.5 °C; 'TH NMR (CDCl3): 6 0.88( t, 9H, CH3,J =
6.8 Hz), 1.25-1.40 (m, 48H, CH3 (CH2)8), 1.44-1.55 (m,
6H, CH2CH2CH20AY), 1.73-1.85 (m, 6H, CH2CH20AY),
4.02-4.08 (m, 6H, CH20Ar), 5.75(s, 1H, OH), 6.83 (dd,
2H, He, J = 8.8 Hz, 2.2 Hz), 7.02 (d 2H, HB, J = 8.8 Hz),
7.39(s, 2H, Ha) ppm (Figure 3); IR (KBr) : 3450 (OH),
2920 and 2850 (CH), 1740 (C=0), 1190 (-O-) cm-!.

Phenol compound (6b)

Mp. 56.0 °C; 'TH NMR (CDCl3): 6 0.88( t,9H, CH3, ] =
6.8 Hz), 1.28 (m, 36H, CH3(CH2)6), 1.46-1.48 (m, 6H,
CH2CH2CH20Ar), 1.73-1.86(m, 6H, CH2CH20Ar),
4.02-4.08 (m, 6H, CH20Ar), 5.75(s, 1H, OH), 6.80(dd,
2H, Hc, J = 8.8 Hz, 2.2 Hz), 7.00 (d 2H, Hs, J = 8.8 Hz),
7.40 (s, 2H, Ha) ppm (Figure 3); IR (KBr) : 3450 (OH),
2920 and 2850 (CH) , 1740 (C=0), 1190 (-O-) cm-!.

500mlDF AT T AAZANT, 71/ —)UEK (6a,
10g, 13.1mmol) &3,5- = hOLEE#E (7, 3.0g,
141 mmol) #7100 A% > (CHCL) #7150 ml
WA TS S 71, HHEMENN-2 A F)L —4
—73I /U V> (DMAP) K1 g ERiKkEEAN3-

(CH2)7CH3
(@]

o o/(CHz)nCH3

Hx Ha

Sa(n=11)
5b(n=9)

Figure 3.

MATREEL, 50 CITRERE LA IIVNAHT
ShiNBLUE K 2T o7z, P/ 00ORXY 2 REEKE
UTCTLCTIRIGTE T 2R L7 R = 0.8). A1)l
NZINSFZATIADZMOML, BRETHAT
HEE13-TUanFIIVRFEZ (DCU) DWW L7z,
THEA AMEANWZEBICZODCUEREL, T/VR
L= EHWTyr7oniry »z28ELE. BRE
gL TryronAy > EFEHLEAI LA OR B
7774 —ICXVE—~EEEINL, TNRL—%%
HwrrooixAy > agEi Lz, BREOEENZ T
5 /=)L) 200 mI TR A L, i TR

P bhOfk (8a) %103 g 157z (Yield 82 %), = b
Ok (7b) BEBEDFHETERL 72 (Yield 96 %) .

Y= hOfk (8a,2g, 2.00mmol) %, IT%/—)
20 mlETHF 80 mIDIBSIEEICIEM S &, £ D1g,

10% Pd/C 0.10 g& A 7z, BRI Zs B/ FT Bl

Wi floE T E  (CHA-200) =W, 03 MPa, =
iR, 2hO&EM T CHEMKFRTEZTO /L, —HDA
MEHWTPACEREL, TNKRL—% —TREZ
AL, R CTEZWEL, DPCPBA-12%1.70
g %72 (NE=91 %). DPCPBA-10% [F#kD /LT
HEEL 7z (Yield91 %),

(CH2)nCHs

0 O/(CHz)nCH3

'H NMR assignment of compounds (5a,5 b, 6a, 6b)
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Dinitro compound (8a)

Mp. 67.1 °C; '"H NMR (CDC13): 6 0.88(t, 9H, CH3, J =
6.8 Hz), 1.25-1.40 (m, 48H, CH3 (CH?2)8), 1.46-1.50 (m,
6H, CH>CH2CH20Ar), 1.73-1.88(m, 6H, CH2CH20Ar),
4.04-4.08 (m, 6H, CH20Ar), 7.25(d, 4H, Hs, J = 3.0
Hz), 7.33(d, 4H, HB, J = 3.0 Hz), 7.41 (s, 2H, Ha), 9.31-
9.32(m, 1H, HE), 9.33-9.34 (m, 2H, Hp) ppm (Figure 4)
; IR(KBr) : 2920 and 2850 (CH), 1730(C=0), 1560 and
1350 (NO2), 1180 (-O-) cm!,

Dinitro compound (8b)

Mp. 66.3 °C; 'H NMR (CDCl3): 6 0.88(t, 9H, CH3, J =
6.8 Hz), 1.28 (m, 36H, CH3(CH2)6), 1.46-1.55(m, 6H,
CH2CH2CH20Ar), 1.73-1.88(m, 6H, CH2CH20Ar),
4.04-4.09 (m, 6H, CH20Ar), 7.26(d, 4H, Hs, J = 3.0
Hz), 7.33(d, 4H, Hs, ] = 3.0 Hz), 7.41 (s, 2H, Ha), 9.31
(m, 1H, HE), 9.33-9.34 (m, 2H, Hp) ppm (Figure 4) ; IR
(KBr): 2920 and 2850 (CH), 1730(C=0), 1560 and
1340 (NO2), 1180 (-O-) cm!.

DPCPBA-12

Mp. 54.0 °C; '"H NMR (CDCI3): 6 0.88(t, 9H, CH3, J =
6.8 Hz), 1.25-1.42 (m, 48H, CH3 (CH2)8), 1.45-1.49 (m,
6H, CH2CH2CH20Ar), 1.73-1.87(m, 6H, CH2CH20Ar),
3.76 (broad s, 4H, -NH2), 4.03-4.08 (m, 6H, CH20Ar,),

(CHy)CHs

)

CH3(CH2)n~ o~ (CH2)CHs

8a (n=11)
8b (n = 9)

Figure 4.

6.26 (t, 1H, He, J = 2 Hz), 6.93(d, 2H, Hp, J = 2.8 Hz),
7.21-7.28 (m, 4H, Hs, Hc, overlapped with a peak of
CDCls), 7.41 (s, 2H, Ha) ppm (Figure 4) ; IR (KBr) : 3340
(-NH2), 2920 and 2850 (CH), 1730(C=0), 1180 (-O-

)em-l,

DPCPBA-10

Mp. 94.7 °C; 'H NMR (CDC13): 6 0.88(t, 9H, CH3, J =
6.8 Hz), 1.28 (m, 36H, CH3(CH2)6), 1.47-1.49 (m, 6H,
CH2CH2CH20Ar), 1.78-1.85(m, 6H, CH2CH20Ar),
3.76 (broad s, 4H, -NH2), 4.03-4.08 (m, 6H, CH20Ar,),
6.25(t, 1H, He, J = 2 Hz), 6.93(d, 2H, Hp, ] = 2.8 Hz),
7.21-7.26 (m, 4H, Hs, Hc, overlapped with a peak of
CDCl3), 7.41 (s, 2H, Ha) ppm (Figure 4) ; IR (KBr) : 3340
(-NH2), 2920 and 2850(CH), 1730(C=0), 1180 (-O-)

cml,

24 RUT7 Iy IVBRPRYA I ROERK

RUAIROE/X—ELT, T hIHIVR
—EAMELTHERABKZAT 55-(2,5-
dioxotetrahydrofuryl) -3-methyl-3-cyclohexene-1,2-
dicarboxylic anhydride (LA T cyclohexene-DA) & L < i
AWK HEHT 53,3 ,4,4 -diphenylsulfone
tetracarboxylic dianhydride) (L FDSDA) & VY, A#F

(CH2),CH3
CH3(CHy), ~0 o (CH3)CH3
Hx Ha
(O MN)
Hg Hg
He He
o._.0O
Hp Hp
H,N NH,
He

DPCPBA-12 (n = 11)
DPCPBA-10 (n = 9)

'H NMR assignment of compounds (8a,8b, DPCPBA-12,10)
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Y7 2> &L TDPCPBA-12,10& R 2 R &
L TIHABREEEY Y 2> TH 54,4
diaminodiphenylether (LA'RDDE) Z MW, —HHO
FhIHIVR B K E EEOY Y I

(DPCPBA-12,10/DDE=100/0, 50/50, 0/100) 7% f{»
7R A 2 REGKR L (Figure 5),

TRIHINER B K EFERS T I L
LE)VEBRFEL, 20 wt%DIEEIZRS K DIIN-AF
ey K> (NMP) ZiNAZ (BE/ X —f&E:
1.0 g, NMP:4.0 g)o 7IVIHAZFRELERT
—& (12h) KRIB2HE, 10 wt%DEEIT/RS K

kNMP’&JEDDb?L (NMP : 5.02), fF5N7/=HRY

2w 7 B O —H8 2 5 BORE EEEIE FITED 00, Bk
@@ﬁU?Eyﬁ@K?%?ﬁ»ﬁ/mgﬁm%_
MUSEEILEOE Y D EMET IV B O HKER %

JEZA, 7IVAHAZFREL, FAIVNAH,
120 CT4h, 12 MMeZEfTo/. ZO1 I MEDL
FET, BRI THANMPIZIR T T I EELCZH D
BLEZHDERARBEEAR Lz, NMPIZHIRTH > 7=
RUA I RBFRIZAY /=TI S, W51EE
L, 100CTl12h, EZHHEZITNRY A I BHERE
7o

BmonizrRUA I ROF Yy I35 UE—2a >
(INMR, IR) MOEFHDOYPEMEIZE U ClIRET TR
kR 5,

3. BRLER
3.1 27X>%/~<— (DPCPBA-10,12) D&ERL

DPCPBA-10,1213 7YV w VEEAFIL T A5V (1) %

(CHZ),,CH3

CH3(CHa)n~ /(CHz)nCHs

(0]
(o) O
wn T @ e S
CH; ©
DDE
Cyclohexene-DA
o o, 0 0
SI
G o) (CHz)nCHa
o o CHS(CHZ)n\ /(CHz)nCHs
DSDA
X
1)r. t, 12h, in NMP
' N 0
2) Ac,0, Pyridine
120°C, 4h, in NMP NO_O
CH; © n
Cyclohexene-DA/DPCPBA-12,10 Cyclohexene-DA/DDE
DPCPBA-12 (n=11)
DPCPBA-10 (n = 9)
Figure 5. Synthesis of polyimides based on DPCPBA-12,10
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MFEEEIE L ToRAT Yy 7 THK L. 49, ER
OF /> OEOHEEICH U v 7 BEAEMAR (3a, 3b) K&
O hOREFE () 2T OERNICHES

5 AETo. EROF /) OOHED—DIZ
T VEEAER (3a,3b) EHEA ST DL,

KWEk ROF/ > OOHED —DIZET = o
LREEWE (7) HiEG S &2 HER EERBABE L2,

OHED FHNERITIHEE S B 2DBKETH D,

R, B2 L LR DI REEEZH NS
Figure 212759 5i£I1Z L D DPCPBA-10,120D & R IZ Bk
Nl BEEHITREOINEIT—99%THD, GHR
FHERERESEETH D EZEALGNDD, RETED
P koK (8a, 8b) ZHEMIKFEITLT S THTT
ATIEGDUIMNED 5 N5 BENH VIEEEE
T 5, ERYO#EIL ' H NMRE IR ZAXRZ MLIZ
K0TV, fiINdZOEEZRRT AT MLR
Foniz,

3.2 RUSMZ RDES

Table [ICDPCPBA-12, 10ICE D<K RY A I KL
HEAGRUA I ROESICELTEED R, BRR
B¥ % H 9 5Cyclohexene-DAZ Wiz &,
DPCPBA-12, 10{f(fNOEHT I FILSTIE /X —
ZHWTHEGEBNMPIZIAEDRY 1 2 ROVES
17z, Cychohexene-DADHE, HEWRS T I > O
MEBITIINMPRIADR YA I K252 52 &N
HHHLTHDY, ZOERGHERNSDOATIIEHET
IVFIINFEORVERIZ KT THRITHRI T E RN, —
J, BFEHRT ST HIVER S EKY) T dH SDSDA

ZHWESHEIZBWTIE, DPCPBA-120 A1
DPCPBA-12/DDE (100/0) D #LEKDHE D &,
DPCPBA-10 @& 1ZIEDPCPBA-10/DDE (100/0),
DPCPBA-12/DDE (50/50) DHRR DS O A a1k
RUA I RNESN, DSDAZFHFEKRT b7 )L
RN IR OHRTIIAEERY A I REHEAD
TWE/X—TH2N, EHETINFINEEE LN
DSAD/DDED# A& HE TIEIAEMERY 1 2 ROV
S5NTNRNWI EMS, DPCPBAIZEH I N5 EH
TNFINEOLY hOE—RIZIDRI A I RO
YRR B U2 & EDERR S Tz,
BoN/ZHRU A 2 ROSGTFERIINMPH TO ninnfk
U'SEC (GPC, 10 mM LiBr/NMP) THEZE L 7z, Cyc-
lohexene-DAX UXDSDAD A 11D HFHFIZTHB N TH
DPCPBA D {1 A AL B DI HREY, T RIS
9%, ZHUIDPCPBAD ARREEIZH D < Mtk
DETFTICED2HDTRELWNAEEZ LN,
Cyclohexene-DA & DSDA % LL#%9 % & DSDA D 5 /%
B TEORIAIREGZ S, ZNIHFEET
F FIVIR > B K O B D@ S ITER T S
DEEZENDY, Figure 612155 7/2HRU A I RD
SECHIE Bl 2 7R 73, 9 F 870 HhAR 13 s A 1Y 7 77
7 A AR &2 7R U, polydispersity (Mw/Mn) 132
—3EETHD, MANRERSKISSEI > T
52 ENREEINS, W, TIVFIVEHEDSFEIC
MFTHBELEERT S E, DPCPBAD Y KREEIZ X
BONERTICE D, 7IVFIVEEENE VDPCPBA-
10D FMMEGTEERDZENZEZASNDD, £k
FEHRIIDSDAD B BT I DG &E—F L TWha R
Cyclohexene-DA D FE T W DA & 78> T %,

Table I. Polyimide and copolyimides based on DPCPBA-12,10
Monomer Poly(amic acid) Polyimide
Tetracarboxylic dianhydride® Diamine Niat’ Solubility Mot Molecular Weight®
mol% dLg” in NMP dLg" Mn Mw Mw/Mn
Cyclohexene-DA DPCPBA-12 DDE
100 0 0.19 soluble 0.10 4500 7700 1.7
50 50 0.27 soluble 0.14 11800 29300 2.5
0 100 0.70 soluble 0.31 17100 31500 1.8
Cyclohexene-DA DPCPBA-10 DDE
100 0 0.12 soluble 0.09 3100 5000 1.6
50 50 0.16 soluble 0.13 4400 7800 1.8
DSDA DPCPBA-12 DDE
100 0 0.22 soluble 0.21 7000 13300 1.4
50 50 0.50 insoluble
0 100 0.68 insoluble
DSDA DPCPBA-10 DDE
100 0 0.29 soluble 0.24 19400 44200 23
50 50 0.48 soluble 0.45 30700 84700 2.8

*Equimolar amount of tetracarboxylic dianhydride was used to the total amount of diamines.

°Measured at 0.5g dL”" in NMP at 30°C.

“Determined bv SEC in NMP containing 10mM LiBr calibrated with a series of polystvrenes as a standard.
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(100/0/100)
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(100/100/0)
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Figure 6. SEC traces of Cyclohexene-DA/DPCPBA-12/DDE polyimides
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Figure 7. 'H NMR and FT-IR spectra of Cyclohexene-DA/DPCPBA-12/DDE polyimides (100/100/0, 100/50/50, 100/0/100).
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DPCPBA-12, 10D#liER EHFET L EEZ 5N,
HERICKXVERFPTHD, BENIZRIAIRD
DT EIFHGHEINZMEID BENL 2D, 2
92 LEHALTND,

AWFFEIC K DR A 2 RIZBH IR TH D Z &
51H NMR (DMSO0-d6) kU7 1 )L s DIRBIE N 5
Tdh %, Figure 71ZCyclohexene-DA / DPCPBA-12 /
DDED2H-NMRA XY MV NIRANRY ML Z&EF &
DTS, TH NMRAXRZT MUIZHWTIZIDPCPBA
RG> DN, R 78 7 V3 )V 3 KOs F ik
TOR>OTTFIIBEBETN, IRZAXY MLIZH
W TIE3000cm 53T DR 7 CHIR T D ¥ N7 @
Hz=ns,

3.3RUA I R

FONERYA I RECHEKEGRY A I RADE

fRE, 77T XERBIREE, BRI T OV fid £ D
TEAER % Table 11 1ZRY

RN A 2 ROEMRIEIZESHEENMPLS O & O
T O BRG0P EE R (m-
LY —=)b), 2700 Xxy 2 EONDOYT > RIEE
ZHWTHMICH#B L7z, T OkEE, DPCPBAIZKE
DAY A 2 RIFIET O b AEIERED H72 57,
KR DIET O b AEMREIAIE T d S THF, CH2CL,
CHClL:/2 ED—fkf)7e N\ O AREIC B A TH >
72 ZHUT—RIHRU A 2 RITIEBWEETH O,
EW7ILFIEOT Y O —2h5c & 5 ik
EMFEH L TnWEEEZOND, £, TNSDE
fZ 1 IZIDPCPBAD & H B/H150% K D 100% TH %

EDOFHMBIFTHO, DPCPBA-12& U HDPCPBA-
10D HNEEFTh 5, KT IV FIVEOZETEM
ERMELTVWS EIZFAR, HENETEZHEIC
B7IIVFIVIHIZEEEEMEE S D 2 &R EDHEZ BN,
WY IVFIEHEND B ENRBEINS,
BonzRUA I RON T AEBERE (Tg) 1
DSCi%, MUTMA BHRAE—R) O Ak
THIE 2 A7z (Table 11), DSCHIFEIT X,
DPCPBA-12,101ICE D<K A 2 ROHHE, T X
RS 13247 — 283 C DHEPHIZH VD, 1 W AR Y Tid
Btz HL TWsEEZ 55, DPCPBA-10ICHD
<ARUA I ROBE, TMARIEZ, BfE, WahT
BB, ALFERIMNEE D RE & 72 2 2E &) R E I
TGAZHW, 10% EE&REARE (Tdio) ZHET S
Z L THER L (Table 1D, HFH5NZAEERY A
2 RDOTdioldZe & T344—489°C, HHEH T410—
452COHPICH D, —RICEQIPFIDBERFOD
HimE<, FHEERS ODDED AN > TaE<
BEMICH B, TCGAHNKR D% Figure 8IZ/RT A3,
ZBEPTIREZ EIFTn< &, EERD BT
HETWSZENEHEIINS, 1BEBEHOEAD TR
U1 2 ROMFEITEA LR IVFIEN L,
“BREHOBMATEEN ML EEEZA NS, —
F, BFEPTEIRAEER DL OX D BB D
DT, BESHREHBDTHD, ML, EHEHT
I FIHDBGFRIZER N DiE R I K DB R I
KORESIND ZENHHIEIND, T ORESR
BARER2FEERRU A2 RED100—150CH
B3> TWDH, MORAET I AF v 7 &g
LTHoiitadt 28 L Tnwa Z RSN,

Table II.  Various properties of polyimide based on DPCPBA-12,10
Polymer Composition Solubilityb Tg Td,p° Contact angle®’
Dianhydride* Diamine Solubility in various solvents (5wt%) Tg® Ts" in Air in N, W
mol% NMP__DMF _DMAc DMSO DMI mCresol THF CH,CL, CHCI, T T T T ater
Cyclohexene-DA DPCPBA-12 DDE
100 0 S Sh S I S S S S s 270 247 404 418 104
50 50 S Sh)y S PSh) S S S S S 273 412 423 100
0 100 S Sy S S S S I I 1 283 489 452 72
Cyclohexene-DA DPCPBA-10  DDE
100 0 s Sh) S PS(h) S S S S S 278 412 415 100
50 50 s Shy S Shy S S S S S 283 415 426 100
DSDA DPCPBA-12 DDE
100 0 S PS(h) S(h) I Sty Sty S S S 250 365 410 102
50 50 PS(h) PS(h) PS(h) PS(h) PS(h) PSth) I 1 PS 344 436 -
0 100 1 I I I 1 1 I 1 I 262 591 584
DSDA DPCPBA-10 DDE
100 0 S PS S I S S(h) s S S 277 406 416 102
50 50 S __PSth) S 1 PSS _PS PS  PpS(h) 272 422 429 100

*Equimolar amount of tetracarboxylic dianhydride was used to the total amount of diamines. °The qualitative solubility was determined in the 3mL of solvent at 5wt% concentration. S, soluble after
standing at room temperature for 12h; S(h), soluble after heating at 70°C for 12h; PS, partially soluble after standing at room temperature for 12h; PS(h), partially soluble after heating at 70°C for
12h; 1, insoluble even after heating at 70°C for 12h.  “Measured by DSC at a heating rate of 20°C/min in N, on second heating. dSot‘tening temperature, measured by TMA at a heating rate of

10°C/min in N, on second heating. “10% Weight loss temperature, measured by TGA at a heating rate of 10°C/min. "Water contact angles (deg) using contact angle meter (CA-D, Kyowa Interface

Science Co., Ltd., JAPAN).
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Figure 8. Representative TGA traces of Cyclohexene-DA/DPCPBA-12/DDE polyimides
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Solvatochromism Molecules Prepared from Coupling Reaction

Tsutomu ISHI-I, Kaori YANAGA*!, Shogo AMEMORI*2, Naotaka TSUTSUMI*!

Donor-acceptor molecules, phenanthrolinedione and phenanthrenedione having two triphenylamine moieties, were
prepared by coupling reaction of the corresponding dibromides with triphenylamineboronic acid. In various solvents
(from nonpolar to polar ones), the donor-acceptor molecules show color change based on the charge-transfer
characteristics, indicating the solvatochromism.

Keywords: donor-acceptor, solvatochromism, phenanthroline, phenanthrene, triphenylamine
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Figure 1. Molecular structure of 1-3.

2. £ B&

IR AT BIVRIRE @ BINA R BV AR
ICHAfR L 72 0.02 mM EHRZFATEL, 1 om MO
IV THRIE L 2.
2,9-Bis[4-(diphenylamino)phenyl]-1,10-phenanthroline
-5,6-dione (1). 10 mL ® —[17 5 A2 JIT¥ 7 OEMK
4b (93 mg 0.25 mmol), Pd (PPh3) 4 (66 mg 0.06 mmol) &,
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B2E B1E

TIVIAZINT U2 LEDME (5 mL) & AN )b
TFHFPLKTT 60 °C 1T 5 R LE. B
#, 4-(diphenylamino) phenylboronic acid (5) (159 mg
0.55 mmol) & 2M jREEF b U LJKIEHKR (2.5 mL)
Z A1 85 C ITT 16 RRRMAA L 7z, KIBH TR, 0
CERTHHALTK @omL) ZiA, HFEAFL > @0
mL) C2laMfit U7z, AHAHZ R fl B /KIEHE (100
mL) &7k (100 mL) THFHHFL, RERYT F LA
THBRIETHEEZRERELT, 1 280VRYA
S~EERAOER 241 mg) BB, ZhZEDS
LT T Z 74— (WAKO C 300, 4.9 g, 3i{b A
FL2) ML, REEEOBIY 1 2I0R 50 %
(56 mg, 0.123 mmo) TH37z. Violet solid; mp 137-138
C; IR (KBr, cm!) 3061, 3025, 1667 (vc=0), 1568, 1549,
1489, 1326, 1283, 1177, 827, 753, 696; 'H NMR (CDCl3)
S 7.11 (t, J = 7.4 Hz, 4 H, ArH), 7.14-7.23 (m, 12 H,
ArH), 7.31 (t, J= 7.4 Hz, 8 H, ArH), 7.90 (d, J = 8.4 Hz,
2 H, ArH), 8.20 (d, /= 8.6 Hz, 4 H, ArH), 8.47 (d, /= 8.4
Hz, 2 H, ArH); FAB-MS (positive, NBA) m/z 697
[(M+1)*]. Anal. Calcd for C4s8H32N402 - 0.3CH2Cl2 (696.
79): C, 80.32; H, 4.55; N, 7.76. Found: C, 80.05; H, 4.24;
N, 7.69.
2,9-Bis[(4-diphenylamino)phenyloxy]-1,10-
phenanthroline-5,6-dione (2). Brown solid; mp 231-232
C; IR (KBr, cm!) 3060, 3025, 1681 (vc=0), 1577, 1530,
1497, 1439, 1310, 1272, 1206, 1088, 835, 753, 696; 'H
NMR (CDCI3) § 6.99 (d, J = 8.8 Hz, 2 H, ArH), 7.00 (t, J
=7.8 Hz, 4 H, ArH), 7.06 (d, J = 8.8 Hz, 4 H, ArH), 7.08.
(d, J=7.8 Hz, 8 H, ArH), 7.16 (d, J = 8.8 Hz, 4 H, ArH),
7.22 (t,J = 7.8 Hz, 8 H, ArH), 8.42 (d, /= 8.8 Hz, 2 H,
ArH); FAB-MS (positive, NBA) m/z 729 [(M+1)*]; Anal.
Calcd for C4sH33N404: C, 79.11; H, 4.43; N, 7.69. Found:
C, 78.82; H,4.33; N,7.66.
3,6-Bis[4-(diphenylamino)phenyl|phenanthrene-9,10-
dione (3). Brown solid; mp 284-285 °C; IR (KBr, cm!)
3060, 3034, 1662 (vc-0), 1588, 1512, 1489, 1322, 1294,
1268, 1193, 1180, 925, 825, 753, 696; 'H NMR (400
MHz, CDC13) & 7.10 (t, J = 7.2 Hz, 4 H, ArH) 7.16-7.20
(m, 12 H, ArH) 7.31 (t,J = 7.2 Hz, 8H, ArH) 7.59 (d, J =
8.8 Hz, 4 H, ArH), 7.66 (dd, J = 1.6, 8.4 Hz, 2 H, ArH),
8.24 (d, /= 1.6 Hz, 2 H, ArH), 8.26 (d, /= 8.4 Hz, 2 H,
ArH); FAB-MS (positive, NBA) m/z 695 [(M)*]. Anal.
Calcd for C50H34N202 - 0.1CH2Cl2: C, 85.56; H, 4.90; N,
3.98. Found: C, 85.32; H, 4.86; N, 3.99.

3. BRRUEZR

rryoa7yxzF>hay>IF > 420 E MU T
DIV I ROVEE 5 EO8AKRN Y T 2T RIS
LD, NI Tz 7 IVEMEEALET =T
>hOy>TF 1 DEKZEITS /2 (Scheme 1),

—fRHR S TH D DME FEREEF N ARE
HELTHWSEMHTIE, BHOL Yy 7U > 7R
BoNd, T—FIUK 2 NETU - (Table 1), HFHEEME
ST TROVENT IV I—IUVRICEREL, KRiEgik
SOSIET L2 Z 2R L Tn5D,8 IRl (Rt -
I5 7 —=)VR) KROHERE (VY TN 7 vik
YT L) OEEREEITO M, BEFRRERIT
BFoehinhoiz,

> 1+ 2

Pd(PPhg),
base / solvent

Scheme 1

Table 1. Suzuki coupling reactions of 4 with 5

X  base solvent temp. time 1 2
°C h % %
Cl Na,CO; DME 80 15 0 38
Cl Na,CO; Benzene/ 80 15 + 0
EtOH
Cl K;PO, DMF 85 15 0 24
Cl KF DME 100 15 + 0
Cl CsF DME 100 38 20 0
Br Na,CO; DME 80 15 50 0
Br CsF DME 100 30 35 0

T, BHEEEOSW T ORREZRD ! 2 Hn
Thy T T RIGEITD e REEFT R T LKD)
Tulbt U LERWERT, HY 1 22hTh
N# 50% KT 35% CTHHZ LI Lz. 7 vik
U LADRIBIE, KINE 30% THO, HHYOD
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TV T RISIZEBVIVN R 783 XA T ORI

U BWTARMYIBRE IR Z L7z, DL EOKE
REO, BEELUTEREBEF NI ULAZHAWETOE
1K 4b DOS R E EHIETE S,

T2 F AL PF NI FTIIINT I %
BHL7Z 313, e 57 0EK 620y T >
TRISIZE D @EIE 91% THDZ EIRHLEZ
(Scheme 2),

Pd(PPh3),
Na,CO; aqg. / DME
80°C/15h

Scheme 2

BRLZ7F>bhoy > oF 4K 1 1%, 380-
530 nm fFEICEMBEIRIGE (CT B ZxwL7k
(Figure 1 and Table 2), HITEEREOMMEZELIC K D %K
CEDABENT 2, VLN N7 O XADRER S N7z,
HHEIZBWTSD, BEMEOEKICEDEANSF
L2, B2 ANOBEELNERY 5Tz (Figure 2).
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Figure 1. UV/Vis spectra of 1 in cyclohexane, toluene,
dichloromethane, DMSO, and methanol (0.02 mM) at
20 °C.
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Figure 2. Color images of 1 (0.02 mM) in cyclohexane,
toluene, dichloromethane, DMSO, and methanol (from
left to right).

—F, RF— 707y —[{%EHgERT Tl
U7z 2 Ti, wIRLEE 450-490 nm {Fif D&M E)
WA DRI THS <, FRIMEIHD 300 nm ff
IR -r* BEAEY 537z (Figure 3 and Table
2), HEICKDEAOMRITEHL <, wHELHRITXK
HETIFEAERD SNIRN> Tz (Figure 4),
RF—E7 0275 —HMOMICERRFRASZ
ET o DY, RF— 7775 —-%
MELEKTFLEMERTH 2,

T F ALV PHA TN TV T IV EE
L7z 3 TIE, 360-490 nm AT BT B I 7Y
BHEIXN, TOMEL 1 ERBETH-> (Figure
5 and Table 2), > 7 OANFH > OERFE BN

1.5
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Figure 3. UV/Vis spectra of 2 in toluene, dichloromethane,
and DMSO (0.02 mM) at 20 C.
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Figure 4. Color images of 2 (0.1 mM) in toluene,
dichloromethane, and DMSO (from left to right).
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Figure 5. UV/Vis spectra of 3 in cyclohexane, toluene,
dichloromethane, and DMSO (0.02 mM) at 20 oC.

Figure 6. Color images of 3 (0.02 mM) in cyclohexane,

toluene, dichloromethane, and DMSO (from left to right).

1% 362 nm (ZHN, FHSAHEREROL0, EA
B EELELCTWERWY, ML - HEAFL > -
DMSO HTIFEEANED S N/=n, VIV O
AL BT 1 EHRTHEZFTIERLS, FL >

DB TOBENERLIZDATH = (Figure 6),

Table 2. Spectral data of 1, 2 and 3 (0.02 mM).

Comp. solvent Amax /nm (£ x 1074
n—7* CT
1 c-hexane 294 384
(2.81) (3.96)
toluene 302 356 502
(3.23)  (3.39) (2.09)
CH,Cl, 291 362 525
(3.21)  (3.51) (1.97)
DMSO 298 355 476
(3.41) (3.22) (1.66)
methanol 295 356 488
(3.60) (3.44) (1.61)
2 toluene 305 482
(6.41) (0.17)
CH,Cl, 305 490
(6.47) (0.13)
DMSO 303 450
(6.13) (0.13)
3 c-hexane 302 362
(2.48) (3.03)
toluene 312 474
(4.80) (1.64)
CH,Cl, 273 328 492
(2.78) (3.83) (1.41)
DMSO 274 318 473

(2.74)  (3.72)  (1.28)

FHELEELDIWZ, JzF AV B 7> MO
VX070 Ty —HNggnzn, BEERY LN
oI X7 MWFEHL THRN,

4. ¥

il

TovTy-MOT Oy O OF T RF—
HOR) 7 2ZIVT I BBEALRSTH, VIV
cNOIZXLERT ZEEZHSNIUZ, RVILN
coI X, RF—FMINS 7 7175 —EALA
DO THNEMBEINTERL THO, B L 72
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Figure 7. Polar structure in 1.
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A Comparative Study of Mathematics Educations
in Two National Colleges of Technology

Abstract

Michihiro Sakai

We compare the mathematics education in the two national colleges of technology. In this study we will talk about the
different approaches introduced to mathematics classrooms in both colleges, and then discuss the future prospects in the

conclusion.
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