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BBE CTVNENRERGREEXBEMESY
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BT TR PR BB BRI 5 T FER

ARz gEH

JEI7 361005)

B OE RN ERESBONERE R T EER— R SER CTV A7 A (CTV-H) RS 2B Z T EHR &
JERI 3 1 3 A R B AT v 5 R R Y AR R R R AT ) CTV AT A1 (CTV-M). BL CTV-M Oy B AR SR 5 15 21 5
B CTV QL g H 2 D 045 R B 26 3R 4 (BPMD) . CTV-HL A1 CTV-M A AT BRI 1, 2 3 18 IR T
SAXS I WAXD 52 2], W SR &5 A/ OTREAR (@) AR AR N 4. 4 nm Rl 4.8 nm, 15 PG THE 45 RARST. 100

BPM %A WA, AR,

xR CTV, BT, RV ENGIRERE, REGR,

MR T 1982 AE4R Y T BRI /R R
PR W R B W A RE R
Zimmermann %% mﬂ] Malthéte %HJ T 1985 4E#H
kAT ETF CTV (cyclotriveratrylene ) 143 51| #%
PR g4 735 HE (pyramide ) #1153 #EJE ( cone-shape )
VB 73 1L P B 22 i X R IR VA 0
PRABIIE (bowlic ) W i 7> 1. Br T CTV 4k, CTTV
( cyclotetraveratrylene ) #14f 75 4% ( calix[ n ] arene )
S BA BT (1 5> 1 450, Y RE IR mUA IR W
FIPTL B B CTV B L HE R A R 4
BB AR SCA IR T BIR T R CTV L i B
W ih 1 W T W AR AR 548 5 I DAL —Fh oy 5
RRAESE S CTV U35 ) H 3 7Y J R 1 28
REY X ERE W WAGE.

1 SKIEERH

A AL RF AR
A SRR A A 22 sl s o B 4l , 500
w2 28 sk, 790y 43 s 4 4t vb Bt FH 1Y
BRI AR 5 17 2 R 5 R e | A 2 2
Brakie H (60 B, fb2F4l). B 2 4 I 15 X
(NMR, Bruker AV400); J& i {X ( MS, Bruker
Dalton Esquire 3000 plus); JG 2 73 #14¥ ( Carlo
Frba 1110 CHNS-0); 2 77 £1 4% &t #{% ( DSC
Netzsch DSC204 ), JH{id [ i 3 R ¥ 0 10 K/
min; % 8% (POM, Nikon Eclipse ME600) ,
i Mettler A& . 3 1AL Accelrys 24w IF 4 1Y)

1.1

NITHEA

T AL A4 Material studio AZbFH.
1.2 &RBkE

SEICERT ] ik, a Rl E 2R SRS
— O SEAZ AR 7 W TR O ) S R SR
g i) = R A B vh B — B Y
CTV i) (CTV-H). #: 5 Dk o-F N HR S
CTV-H {4 3k oK ity 1) ¥ 3 1847 16 A6 =T, P
AR E AT o B A A S AT B T B I R TR
FEPH B 77 ) ——CTV-M. X — 25 & B A5 il 1 o
SYES XN NECT PRl VN W
HOEBAE S B A L B AT . B A
LA 1 P,

LA CTV-M Ry Bfhk g AR R G G 6%
Wil CTV 43 NG IR RS Y (BPM) ,
BPM f 45K IR A e i =X UL A 2.

1.3 EBAESFEMEHRIE

131 4-(11-33 31— ke /58 ) 3-FF AL R
B (T -H) 85 8RN 2548 EAE 4 T i (200
mL) , 722 (15.2 g, 100 mmol ) , JG 7K B fig £
(23.0 g ,166. 4 mmol) , JRACIE+—E%(25.0 g,95
mmol ) VRS Y& T 500 mL =i, fii bk . [
Uit 24 ho BRJE UUR R ZE L TN, 11 5R B b om A
100 mL () =5 P, o U8 ; FRAE U8 W o A JEK
BRI EE T, 1L 0, R 28 L = ke, W HIE
CUEE 25 i 3 WK, 15 2R B A ik 1-H(30.0 g,
23 96.4% ). 'H-NMR ( CDCl,, 400 MHz,$§) :
1.25~1.36 [m, 14H, (CH,),], 1.51 ~1.55
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CH;0 CH;0
Br(CH,)1,0H NaBH4/NaOH/H,0
HOOCHO K,COj5, Acetone HO(CH)1,0 CHO Methanol
(I-H)
CH;0,
65%HCI10,4, Methanol '
HO(CH,),,0 CH,0H =24 VO, ch0 D O(CH,);,OH
OCH
(1I-H) O(CH)1,0 }
HO(CH,);,0  OCH;,
o CTV-H
HO)H( (”)
CH,0 D D O(CHy), OC—(=CH,
DCC/DMAP : CH
“Hj

O(CHp),,0

HO(CHy);,0  OCH;
CTV-M

OCH,s

Fig. 1 The chemical structure and synthetic route of CTV-H and CTV-M
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Fig. 2 The chemical structure and synthetic route of BPM

(m, 2H, CH,CH,0OH), 1.82 ~1.87 (m, 6H,
CH,CH,0Ar), 2.14 (sb, 1H, OH),3.58 (t,
2H, J = 6.6 Hz, CH,0OH), 3.88 (s, 3H,
CH,0Ar), 4.06 (t, 2H, J=6.9 Hz, CH,0Ar),
6.94 (d, J=8.0 Hz,1H, ArCH), 7.38 (d, J=
8.0 Hz,1H, ArCH), 7.41 (s, 1H, ArCH), 9. 80
(s, 1H, ArxCHO); "C-NMR (CDCl,, 100 MHz,
§):25.5~29.2 [7C, (CH,),], 32.4 (CH,CH,-
OH), 56.2 (CH;0Ar), 62.3 (CH, CH,0H),
68.8 (CH, CH,0Ar), 108.9 (ortho to CHO, 2
position ), 111.0 ( meta to CHO, 5 position ),

126. 6 (ortho to CHO, 6 position) , 129.4 (ipso to
CHO), 149.4 (meta to CHO, 3 position), 153.9
(CHO) ; CyH,0, JLR /T, 31538 :C 70.77, H
9.38 ;5085 {H. C70.87, H9.42. MS (ESI*, m/
z) 322.4 (M +Na", cale. 322.4).

1.3.2 4-(11-3 k- —Le 5L ) -3- P A A R I
B (IL-H) /Y5 Rl Al 45 48 R AR ¥ 1-H(14.8
g,75 mmol ) I T I (250 mL) rf, A H AR A
THEAEH (2.0 g ,47. 8 mmol ) FIE S AL BA/K I
(A5EALH70.50 ¢ ,12.5 mmol , Z5{F 7K 30 mL) ¥
REWW. VIRAY TEIR T4 h BT
AR LWBE, SR J5 H 750 mL (251K BB, 4 5%
(R R IR AL , T8 A 20 1 68 BT TOE , /K BRI
TER P, T AR F AR L -H(13.3 g, =%
96% ). "H-NMR (CDCI,, 400 MHz, &): 1.29 ~
1.38 [m, 14H, (CH,),],1.53 ~1.56 [m, 2H,
CH,CH,0H], 1.82 ~ 1.85 (m, 6H, CH,CH,-
OAr), 1.94 (sb, 1H, OH) ,3.57 (t, 2H, J=6.6
Hz, CH,0H) ,3.83 (s, 3H, CH,0Ar), 3.96 (t,
2H, J=6.9 Hz, CH,0Ar), 6.85 (d, J=8.0 Hz,
IH, ArCH), 6.88 (d, J=8.0 Hz,1H, ArCH),
6.92 (s, 1H, ArCH); " C-NMR ( CDCI,, 100
MHz, 8): 25.6 ~29.5 (7C, (CH,),), 32.6
( CH,CH,0H ), 56.2 ( CH,0Ar), 62.9
( CH, CH,OH ), 65.1 ( ArCH,0OH ), 68.8
(CH, CH,0Ar), 110.7 (ortho to CH,OH, 2
position) , 112. 6 (meta to CH,OH, 5 position ) ,
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119. 3 (ortho to CH,OH, 6 position) , 133.5 (ipso
to CH,OH) , 148.0 (meta to CH,OH, 3 position) ,
149. 4 (para to CH,0H) ; C,,H,,0, JTE /3 #7, 1T
FAH: C 70.33 H 9.94; SCHfH: C 70.50, H
10.02. MS (ESI*, m/z) 324.5 (M +Na", calc.
324.5).

1.3.3  (+)2,7, 12-=(11-F3-+—he L) -
3,8, 13-=H4&H-10, 15- A -SH-=4If[a, d,
g] BT (CTV-H) 1Y & 25 1 L AR 1E
250 mL BB, F 50 mL HH i, 7R 14
P e 1-H5. 8 g, vk T 2123 fin 25 mL,
65% W fE AR , &l T RV 24 h. SR 5, fin A 100
mL ZEUE KM B T N 10% i) S A AL K IR 2
ST e W R ST T R N o B2 W & 1
FREE T8, Sh 08, Do 28 L 7], 15 )t [El 4. T
PR = Wy ack ik e AT 2l Ak (e e — SR e/ 74
(V/V=82)) 15 2% ¥ A [E & CTV-H (1.03 g,
P23 34% ). '"H-NMR ( CDCL,, 400 MHz, &) :
1.28 ~ 1.37 [m, 42H, (CH,),], 1.55 ~ 1.58
[m, 6H, CH,CH,0OH], 1.79 ~1.82 (m, 6H,
CH,CH,0Ar), 3.51 (d, 3H, J = 13.6 Hz,
ArHaC HeAr), 3.61 (t, 6H, J = 6.4 Hz,
CH,0H), 3.81 (s, 9H, CH;0Ar), 3.96 (m,
6H, CH,0Ar), 4.73 (d, 3H, J = 13.6 Hz,
ArHaCHeAr), 6.81 (s, 3H, ArCH), 6.83 (s,
3H, ArCH); " C-NMR (CDCl,, 100 MHz, §):
25.8 ~29.6 (7C, (CH,),), 32.8 ( CH,CH,-
OH), 36.5 ( ArCH,Ar), 56.2 (CH,0Ar), 63.0
(CH, CH,0H), 69.3 ( CH, CH,0Ar), 113.8,
115.0 (ArCH), 131.9 (ArCCH,), 147.3,148. 1
(ArgO); Cs;Hgy Oy ﬁ%ﬁ’*ﬁ,ﬁ‘%ﬁ C 51.73,
H3.91;3C8H: C51.87, H4.02. MS (ESI*,
m/z) 919.3(M +Na™ | cale. 919.3).

1.3.4 2,7,12-=(11-83F-+ ke 3)-3, 8,
13- =4 3-10, 15- & SH-=%Jf[a, d, g]
AT A B S BR TR ( CTV-M) 1Y 45 W RN 45 1)
FRAE S CHR[8 ] Jrik# CTV-H (2.4 g,
2. 60 mmol ) %f# T 25 mL — & FHEEH, A a-H
FENHATR (0.40 mL,3.9 mmol) , it #f, U A
N, N'-Z ¥ & £k — W % (DCC, 1.3 mg, 2. 60
mmol ) I 4-— H Z{ B it 1E ( DMAP, 31 mg, 0. 26
mmol ) IR A W7EE I T Hi 24 h. 1538, Br L F
PN, N'-Z3H R (DCU ), 3 BR 25 3%
R EA Y 100 mL K, — @ e AR HL (3 x

50 mL) , 73 . MUK 100 0 Btk PR S M V7 R, A R
BERIK KA VA, TR B RN T8, 10, s
JE R 2875 0. ML= St o ok e A 4k (1 I
TR/ N (V/V=9:1)) 45 5 B A RERR [ K
CTV-M (0.78 g, 30% ). "H-NMR ( CDCl,, 400
MHz, §): 1.28 ~1.43 [m, 42H, (CH,),], 1.56
~1.59 [m, 4H, CH,CH,0H], 1.63 ~1.67 (m,
2H, CH,CH,0CO), 1.79 ~ 1.83 (m, 6H,
CH,CH,0Ar), 1.94 [s, 3H, C(CH,)=CH, ],
3.52 (d, 3H, J=13.6 Hz, ArHaCHeAr), 3.61
(t, 4H, J = 6.6 Hz, CH,0H), 3.81 (s, 9H,
CH,OAr), 3.96 (m, 6H, CH,0Ar), 4.13 (t,
3H, CH,0C0), 4.74 (d, 3H, J = 13.6 Hz,
ArHaCHeAr) , 5.54 [s, 1H, C(CH,)= CH, ],
6.10 [s, 1H, C(CH;)=CH, ], 6.81 (s, 3H,
ArfCH), 6.83 (s, 3H, ArCH); " C-NMR
(CDCl,, 100 MHz, 8): 18.3 [C(CH,)=CH, ],
25.7 ~29.6 [7C, (CH,),], 32.8 (CH,CH,-
OH), 36.5 (ArCH,Ar), 56.2 (CH,0Ar), 63.0
(CH, CH,0H), 64.9 ( CH,CH,0C0), 69.3
(CH, CH,0Ar), 113.7,115.0 (ArCH), 125.2
[C(CH,) =CH, ], 131.9 (CArCH,), 136.5
[CH,=C(CH,) ], 147.3,148.1 (ArCO), 167.6
[OCOC(CH,) ] 5 Cq Hy, Oy TR 4017, 1151 : C
74.20, H 9.60; S8 {E: C 74.27, H 9.72. MS
(ESI", m/z) 987.4 (M +Na", calec. 1010.4).
1.3.5 R{[2,7,12-= (11-F -+ —Fe i 5 ) -
3,8, 13-=HI&3E-10, 15- 5 -5H-= I a, d,
g] LM ] W LI IR G | ( BPM) (14 iR 45
MR AE Z%3CHk[9,10] J7 i, 4% CTV-M
(0.50 g, 0.45 mmol) F1I AIBN (0.2 mg) &t T
3.0 mL THEAZR T, ERIRAEWCE T 10 mL (1)
LY, 2 3 WG B J5 1525 3. 76 65°C R m
I 28 h. R ARG FH— o = A D i e
Yy, WEEDTHE , I s AR 3 IR(BRER R G
B A5 B B Y R B [ 4& BPM (0. 17 g, )%
31% ). JTLESHT,IFEAE: C74.20, HI. 60; 525
. C74.08, H9.65.

2 #ZR5ite

2.1 ZHHFRENITE

3 FIE 4 4350510 CTV-H B RE S35 A
BRI U ArCH, Ar 5 AX 2443 (8 £93.5 Fi
204.7) B, B RS SR AR AT, g 6 =
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3 MRFhi 4 . S it CTV MIZER) F TR IR R A R A9
36. 5 Sk ArCH, Ar FRAIF0G. S0 Fas s vh AL ke 4% I8 J& IE .
Ha He
Hsco~{ ) C ome)ndu
HO(H;C)110 OCH;
HO(H,C);;0 OCH;3
Ha He
\ Jl J‘h /
70 60 50 20 30 20 10 '
5
Fig. 3 'H-NMR spectrum of CTV-H (400 MHz,CDCl;)
7C(CH,),
ArCH,Ar
40 30 20
(t1) AN
1:'50 1(;0 slo ~ '
)
Fig. 4 '"*C-NMR spectrum of CTV-H (100 MHz,CDCl,)
5 F1E 6 43551 H CTV-M B9 #E = 05 Al

i, S ArCH, Ar F-1E AX 2443 (8 £ 3.5 Fi
204.7) W, BUN LS S5 AT, BEsh, Jn i S N
HABR TR BT 7%, B FEY B TR 0 T T e A g R WA 0 w ochon CH,=C(CHj)
VAR KRR T BLIE . 00,8 = 5. 54 A1 6. 10 1y |

LRI (=CH,) 12 MR TS24,
FUMEA A 1 CLAZRAR | 6 A2 1 T i
W T BRI BRE , 1124 6, HoAh ik g 5 22 A0 iR 15
AN AU TEIRR) 51 & = 1. 94 RN 2 sk b Hft i
FH O (—CH, ) W, B4R TR 3. B i 6 =36. 5
k3 ArCH, Ar $5-0F W ; 20 18] 6 rhbR 13 s, B HT 35
PR T T 1 e R A0 %) U Ja T A 0510 -
(I (—C=0) WL 6 = 167. 6; I IL N I

3.05€

o
S
<
)
)

.0

DL
o

30
5

Fig. 5 "H-NMR spectrum of CTV-M (400 MHz,CDCI, )
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MRl (CH, = C(CH,) ) ERymicige 07 T
8=125.2136.5 F 18. 3; MM 4> 1 i 5 HR A
YA A (—CH, CH,0C0—) 22 3| L #2340 (1
SR I FETE 6 = 64. 9. SIS FIAR S r FC A I i I
9 U i LE

CHy=C(CH3) oy =

\

150 100 50 0
5

Fig. 6 "C-NMR spectrum of CTV-M (100 MHz,CDCI, )

BPM HRRE S s T 7. 5 B4R CTV-M A
(=CH,) ¥4t o W H 3 (—CH,—) , 1 &

5.54 1 6. 10 4 AR (=CH,) WL 2%, 5 =
2.3 AR (—CH,—) ROWR e, o o
E BRI (—CH, ) WG R M 5= 1. 94 B %
0.94 Jff JE. GPC (41X T 7 B PS) 73 M, =
14900, M, = 34200, & (& Mp = 88800, DP =2.29
(WEs).

Fig. 7 '"H-NMR spectrum of BPM (400 MHz,CDCI, )

%AP’_

92

0.00 500 1000 15. 00 20.00 25.00 30.00 35.00 40.00 45.00
Time (min)

Fig. 8 GPC spectrum of BPM

2.2 ABBRITAHR
HrlE AR CTV-H FELR CTV-M 75 2 i I J2

R WS IR R IR A G B A R
FR S, K 9 s, U AR R = IR .

Fig. 9 POM images of liquid crystalline textures of CTV-H (a) and CTV-M (b)

& 10 & CTV-H %5 1 YR FHE % DSC i<k, W
ZLENFHR AT a 4b ( -20°C) 5 BB fL L A2 A1 b kb

(49°C) A 1§ m,\,F‘%%HT I d Rk 53550 %0 R i
MBS AR AR

T 50 e AU J 2 10 e A O P A
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3 W B SRS Y. TS S AL AR AE D AH =
36.0 J/g 533.1 kJ/mol, AS =150.6 J/(mol-K).
o R A R T HEIE R CTV S5 A 19 3 41

s

\?/V~
\C
—510 6 510 1 60

Temperature (°C)

Endo

Exo

Fig. 10 DSC curves of CTV-H (up: heating run; down:

cooling run)

e TR AR iy 20 R A 18 R P 2 ) 1 PR A
. CTV-H W53 i 5 R 170°C, 452 PR 4f
CTV-M P e s (=CH,) , ARt 5 T 44k
ZEHk, H DSC i i 4. DSC FHER T,
—16°C F] 78°C i l— > 5 W g, ] REAL 45 T 3%
BEALEEAS TS S RACHK B nTE— AR MEATE .
2.3 BARLEHWHR

M CTV-H B/ X GO (SAXS) il X
HeAii i (WAXD) B &7 DLFE H#F 20 = 3.0°,
5.0°.6.0°F121. 0°47 1% (& 11). ifif CTV-M fj X
JeATHE S CTV-H ARAHERL, ik 12 JiR , /N
A3 20 =2.7° 4. 691 5. SR F R 20. 5O A5 1. A
JOL B A TR (B BB o R85 8 5000 36 1. 5 SR,
CTV-H FI CTV-M /NS EIE R did,ida =
1:(1/ By (17 /4) B =5 35998 B B AR IR
AT A U B 21° B SR G A T4 T2
[B]FE R 0. 47 nm, DB A 45 5.

150 - »21.0
3.0
J 5.0 3000 -
¥
= 100} A
< < L
= > 2000
E g 70
= =]
= 50 — 1000 -
a 1 1 1 1 1 0 b 1 1 1 1 1
0 1 2 3 4 5 0 10 20 30 40 50
20(°) 20(%)
Fig. 11 X-ray diffraction diagrams of CTV-H
a) SAXS; b) WAXD
200 55 205
/2.7 / 2000 -
150
3 46 3 1500
G \ s 3
2100 F 2
% é 1000
2 g
0r 500
ola__, . . ; . oLb . . . ‘ .
0 1 2 3 4 5 6 0 10 20 30 40 50
260(°) 20(%)
Fig. 12 X-ray diffraction diagrams of CTV-M
a) SAXS; b) WAXD
Table 1 X-ray diffraction parameters of CTV-H and CTV-M
20 (°) d (nm) (hkl) 260 (°) d (nm) (hkl)
3.0 2.94 (100) 2.7 3.27 (100)
—— 5.0 1.77 (110) o 4.6 1.92 (110)
CTV-H 6.0 1.47 (200) CTV-M 5.5 1. 60 (200)
21.0 0.42 — 20.5 0.43 —
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1 XOUAT S &5 R 15 CTV-H FrE i a A
M EARZY N 4. 4 nm, CTV-M BT iR AR LY
4.8 nm. SR T SEEA TR A PSR
FARME 4. 1 nm 4.7 nm S0 AH4F. ALY T7
HEAR @, 193 THRDLIA 13.

Fig. 13
CTV-M

The molecular models of @, phase of CTV-H and

BPM [] SAXS I WAXS 751 P&, /Ny 3 o 15
AR, ) B0 20° ~ 21° 404 — 3R ik
FRCE 5 [, 6 i G B R L A WL 2 BPM
TR AV . X 4 i ] BPM 23t 52 Al fm 2.
DSC 3 &l ([ 14) WL ) 104°C 1 6°C 1) 4 b 5

B AYHELR SRR, IO 2 X6 I T FY A P 0 R T B Y
orvissh (A AL AR IR L) A1 CTV | 5z 2
(B 5ti%) , 2t — A i Wi i 7 72 A A 1. BPM
RBEIE B R0 A, 1 B A T B 1A B
(CH,)  BefEi A G, Wt Ul ib 75 2 K Y
HEAREEA RSB B HE RN CTV Bif A 414,

0.0

'1/04 C
6°C
Exo N\
oh
§ -0.5rF
£
O
w2
(@]
-1.01
1 1 1 1 1
-150 -100 =50 0 50 100 150
Temperature (°C )
Fig. 14 DSC curve of BPM
A
3 #Hig

BT PR T A BRI A, B R — R4
SER CTV AR CTV-H, FIAM 5 A v 35 B
PIRTRBRSE AT CTV 7749 CTV-M. E TR
BERASTTAEAR (@) AR B AR S350 4.4 nm FlI
4.8 nm, SELETHA SR AL, AR L CTV-M 4
B AR S B 05 e CTV Ul A 2
PNARTRERZS I G W) BPM S WA P, T 52 IR
B U EL RS YN E P RE CTV /A 4
B, T BB R e ke e b
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A POLYMETHYACRYLATE CONTAINING BOWLIC
CTV SIDE GROUPS AND IT’S MONOMER

CHEN Danmei, ZENG Erman, DONG Yanming, HU Xiaolan, ZENG Zhiqun
( Department of Materials Science and Engineering, College of Materials, Xiamen University, Xiamen 361005)

Abstract A CTV (cyclotriveratrylene) derivative with 11-hydroxyl-undecyloxide group as peripheral group
(CTV-H) was synthesized by trimerization. Then another CTV derivative with single methacrylate group as
peripheral group (CTV-M) was synthesized and purfied by silica gel column chromatography, purification is
the key step of this synthesis. Their chemical structures were verified by 'H-NMR, " C-NMR, element
analysis and mass spectroscopy. Both CTV-H and CTV-M are new thermotropic bowlic liquid crystals. They
all demonstrated liquid crystalline textures under polarized optical microscope (POM) at room temperature.
The DSC determination showed the glass transition temperature, and the clearing point of CTV-H was —20°C
and 49°C , respectively. But a wide endo-thermal DSC peak of —16 ~78°C mixed up the contributions of the
glass transition temperature, clearing point and curing temperature of CTV-M. Their SAXS and WAXD peaks
appeared at 20 =3.0°, 5.0°, 6.0°, 21.0° and 20 =2.7°, 4.6°, 5.5°, 20.5°, respectively. The results
indicated that their mesophase all belongs to hexagonal columnar phase ( @, ). The diameter of the column was
4.4 nm and 4. 8 nm,respectively, which agreed with the results of theoretical calculation. CTV-M was used as
a monomer to synthesize polymethacrylate containing bowlic CTV side groups ( BPM ) by means of bulk
polymerization. The number average molecular weight of BPM ( GPC) was 14900, and the glass transition
temperature of polymethacrylate main chain and B relaxation temperature of CTV side groups were measured to
be 104°C and 6°C, respectively. However, BPM had no liquid crystalline behavior, which presented
amorphous state.

Keywords CTV, Bowlic molecules, Polymethacrylate, Thermotropic liquid crystal, Hexagonal columnar

phase





