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Solid Tunable Ratiometric Fluorescence Thermometers Based on
Triarylboron-Phase Change Materials

LIU Xuan", CHEN Qipei, OU Jingmei", HOU Jian
(School of Chemistry and Chemical Engineering , Hunan University of Science and Technology ,
Xiangtan 411201, China)

Abstract Microregion viscosity and free volume of phase change materials (PCMs) undergo reversible and rapid
changes near the melting point, which can amplify the responses of fluorescent probes. In this study, two novel
triarylborons, 4-(1-{4-[bis(4-bromo-2,3,5, 6-tetramethylphenyl ) boraneyl ]-2, 3, 5, 6-tetramethylphenyl | piperidin-
4-yl)morpholine(MPDB1) and 4,4'-( {[ (4-bromo-2,3,5, 6-tetramethylphenyl) boranediyl ]bis (2,3, 5, 6-tetramethyl-
4, 1-phenylene) | bis (piperidine-1, 4-diyl) ) dimorpholine (MPDB2) , with ratiometric-responsive fluorescence to high
viscosity were synthesized and then combined with PCMs, thus high-sensitivity ratiometric fluorescence thermome-
ters were prepared. Due to the compounds’ rare high viscosity responsiveness, the temperature fluorescence response
ranges in the PCMs are lower than their melting point, thus producing pure solid-state PCMs fluorescent thermome-
ters with better processability. As viscosity probes, the fluorescence of the mono-substituted compound MPDBI
shows a ratiometric response range of 100—3000 mPas with high sensitivity, while the fluorescence of the
compound MPDB2 responds from 100 to 46000 mPa-s, covering a wider range. As temperature probes, the fluores-
cence temperature response range of the MPDB 1-polyethylene glycol 20000(PEG20000) system is —10—350 °C, with
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a high maximum relative sensitivity of 3.5% (S,, 10 ‘C) and absolute sensitivity of 4.6% (S,, 30 °C). Also, the

temperature measurement range of these thermometers can be adjusted by changing the number of substituents and
selecting PEG substrates with different melting points, rendering better applicability.
Keywords Intramolecular charge-transfer; Ratiometric fluorescence thermometer; Phase change material ; Triaryl-

boron; Tunable temperature measurement range
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1R-2,3,5,6-DU H LIR30 ) Bl e — 3 ] X0(2,3,5,6-PUFH 34, 1-F A6 ) | BU(URIE-1,4- %) ) Ik
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UV-2550 %28 4h- 0] UL (UV-Vis) 43 9696 BE 1, H AR Shimadzu 23 w5 F-4500 B 5¢ Y6 634, H A
Hitachi 23 ) 5 HCS AUIMAWAH1 5, & Instec /A F] 3 Bruker BIFLEX I11 % i 3% (% (MS) #1 Bruker AV-500
(500 MHz) B A% 74 4% B 3% AL (NMR) , F5 -1 Bruker 23 & 5 WNMR-I 400 (400 MHz) %9 4% % H 4% I 3%
(NMR) , sy R E S AR A FR A Fl 5 Carlo Erba 1106 BYICE 43 H1{Y, 7K H Carlo Erba Reagent
NI
1.2 IR

MPDB1 FI MPDB2 45 B 28 I Scheme 1.

ﬁﬁI}* ﬁ& ST
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Scheme 1 Synthesis routes of MPDB1 and MPDB2
a. Br,, Al, CCl;; b. n-BuLi, BF,-Et,0, =78 C, argon shield; c. 4-morpholinopiperidine, tris(dibenzylideneacetone) dipalladium(0),
2.2"-bis(diphenylphosphino)-1,1" -binaphthalene, sodium tert-butoxide, methylbenzene, argon shield.

1.2.1 MPDB1# & &  SRSCER[32 15 G b &0 10 2.

TE A SRR, #0144 ¢(1. 5 mmol) NaOz-Bu, 15 mL H % | 0. 0187 g(0. 03 mmol) BINAP 113. 7
mg(0. 015 mmol) Pd,(dba) LA = F1EH T, FiE4E 15 minJ5, JIA 647 mg(1. 0 mmol ) fb&#7 2 #1221 mg
(1. 3 mmol )4-FEHBHIRIE , 90 ‘CHiF 12 h. [0 FFGHs il i AL s iy & Wb, FKpES, oK
BT, FEREIAE (V et V=5 1) 4l4L, 15 2R K 121. 0 mg, 72 16%. 'H NMR (500
MHz, CDCL,), &: 3.70(s, 4H), 3.14(dd, J=17.4, 9.9 Hz, 2H), 2.93(d, J=8.7 Hz, 2H) , 2.57 (s,
4H), 2.26(s, 8H), 2.14~2.02(m, 7H), 1.97(s, 4H), 1.92(d, J=5.6 Hz, 8H), 1. 82(d, J=14.2 Hz,
10H) , 1.59~1.19 (m, 4H) ; “C NMR (100 MHz, CDCl,) , &: 137.16, 137.08, 136.99, 136. 86,
133. 56, 132.56, 130. 85, 67. 15, 63.09, 49.90, 29.73, 29. 41, 21.40, 21.23, 20.98, 20. 30, 16.21,
14.97; K47 6] 5t 3% (MALDI-TOF MS) , m/z: 737.3; Cy,Hi;BBr,N,0 JCZ 20 M348 (% , S2i{E)
C 63.60(63.58), H7.25(7.23), N3.80(3.79), 02.17(2. 16).

1.22 MPDB2 8] & & 1€ Ar AR Y F , % 288 mg (3.0 mmol) NaOz-Bu, 15 mL H 7 | 37.4 mg
(0. 06 mmol) BINAP #127. 4 mg(0. 03 mmol) Pd,(dba), IIA = FIB&HEH , $i4E 15 min J5 , Sl A 647 mg
(1. 0 mmol ) fb &4 2 F1 442 mg (2. 6 mmol ) 4-MBRIREE , F 90 “CHEFE 24 h. [ Fr i WO A 51 — 45
HEfE . FKPER: , FJCAKBRIR EE T4, I FRERCAE (V et V8 2) AlAK . 132 B (AL[E{4 163. 0
mg, 77 %19%. 'H NMR (500 MHz, CDCl,),8: 3.70(s, 8H), 3.15(dd, , J=19.1, 10.4 Hz ,4H), 2.93
(m, 4H), 2.56(s, 8H), 2.26(s, 4H), 2.17~2.06(m, 10H), 1.96(s, 4H), 1.91(s, 4H), 1.81(d, J=
7.4 Hz, 16H) , 1.58~1.18 (m, 8H) ; “C NMR (100 MHz, CDCl,) , §: 150.00, 149.00, 146.72,
137. 11, 136.87, 136.64, 132.34, 130.44, 67.36, 62.96, 50.01, 49.79, 29.58, 20.96, 20.69,
20.55, 20.04, 19.92, 16. 17, 14.93; MALDI-TOF MS, m/z: 827.5; C,H,,BBrN,0, 70 Z M Hri 818 (%,
SEMAE) : € 69.81(69.79), H8.54(8.53), N6.78(6.77), 03.87(3.86).

123 ®obMRFA Bl MPDBI MIMPDB2 FIIEC ke . Bt . ZBRZHE . DU KR . FHEE DL K O G
TAE R MR S, WREESSA 1. 0107 mol/L, FE£8AM-AT LA JE G BT B W OEIE , 7E2EEiE (X
IR & ST (BRI R 340 nm) , 5 & RN & S RO B 5% e FE YA R S nm. DB R ZE TR PR (0. 05
mol/L H,S0,, @,=0. 546 /EFRHER BT 9 i FR0%

1.2.4 MPDB1 A2 MPDB2 # 7% ot 4 v b8 LI BE R 5. 0107 mol/L ) MPDB1 1 MPDB2 ) F it
FUH A . R () 5 R A I A VRO AN TR L BR300 H I TR R4 003 50l
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100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10% F10 ¥) MPDB1 il MPDB2 ) H ih/H B% %
W, WPEEYA 5. 0107 mol/L. i Il HCS BRIV & # il E AR , 185 20 “CHRI-10 “CH, fifi 11206550
HEE TS B IADEEE

1.2.5 MPDBI-PEG #2 MPDB2-PEG % ¥ & & v 2 % Jin#ER4k PEG20000, PEG1000 il PEG400,
FEEC T MPDB1 I MPDB2 B, e 4 5. 0x107° mol/L. ¥4 Ji5 56 [ 45 S AH R 1 [ 44225 S8t 3 o7 A4
b HCS RIS F I SR, =50 "CHHRE 60 °C, B EIFR A 10 °C, 2006 T
SIS 22 6 618 . B BC 4 ) MPDB1-PEG20000, MPDB2-PEG20000, MPDB1-PEG1000, MPDBI-
PEG400 finFAmi ik, (5] A\ ERASEELV EIBEE I BLAR 4, A5 CEAEAS R B PR v, R S8 AT g
BRI B AR

2 GRS

2.1 MPDB1#1MPDB2 %t 5 &

T BEAE AR AR AL Fp e B IR M R M, A R T = O S A i A WUk
o N LTS T A A DA A 168 /NI B B 265 i BOR R LA 3 286 B e 1y v R S ik 59 . &
Je, LAY EA BIEF-IU RN R gh e, IHA 2 p PLBE R BIRFAE N T2k, HAa I
HLF 1 N TR HL T4 A, DT O B LR R (R AU 60 F N LA RS B e 25 5 34 U R R 2 1
6 RLBI 518 B I TS5 [, Lewis BRMELL SR 1454, 0 T AOCTERS RIS P Ea e . Hik,
0 25 i IO R B, AT AR PR ) SO C 28 A X 52, (8 280 50 o 107 1) 90 LA 2, iy R
B BERER/INVE IS 4 I IR A5 3R R e WS AL m ARG, S PCMs A 5, 9
T Bl AT 7E PCMs 15 5 LATR . AR SCHE 7 B K A 4- R kR BE A S B3, Al T —BUR b &9
MPDB1 F1 B 654 MPDB2.

2.2 MPDBI1#1MPDB2 #5438 14 &

K178t MPDB1 FIMPDB2 7EIE CUkE . Lk . LR TR . UM | R K 26 55 6 FiAS [l 1 5

FIF B IS N &GS, G BB AN S1RIEE STOWUA SCS H 45 B Bt . WSO /T LAE Y,

0.30
(A) —0— Hexane (B) —o—Hexane
025+ —O— Ether —o—Ether
—A— THF S or ——THF
o 020 F —7—EA = ——EA
% —— Methanol z —>—Methanol
2 015 —<— Acctonitrile z2 4 —— Acetonitrile
] [
3 =
< 010 -
= 2
0.05
0 = 0
300 325 350 375 40 425
A/nm
0.30
© —O— Hexane
0.25 —O—Ether
—A— THF 5 6
g 020 —v—EA =
g —O— Methanol = —— Methanol
2 015 —<— Acetonitrile 2 4 —<— Acetonitrile
5 5 / W
7] E DA o)
< 010 - %
S 2r @Y o\
0.05 /{’. I\
L e A
0 M T = e S =P
300 325 350 375 400 425 400 450 500 550 600

A/nm J/mm
Fig.1 Absorption spectra(A, C) and fluorescence spectra(B, D) of MPDB1(A, B) and MPDB2(C, D)
in hexane, ether, EA, THF, methanol and acetonitrile
Cappr1=Cypppa=1- 0x10° mol/L. (B, D) A, =340 nm.
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MPDB1 F1 MPDB2 (W e TP AN 32 3 AR P I R2 1, 397E 340 nm A2 45 — A0, DRI IOR i
PEFE 340 nm. HSWIBOEIREARRI R, KOG Z 3 A M s2 5, BEVE AR 3 0 & A= 5000 55
FIZLRS . MPDBI 1 1F O %t FP Y286 K ST T 431 nm, T 7E 205 F 0 K BHIE A7 T 496 nm, KA T 65
nm (LIS . X IE5r T LT R i R A5 R G AR SR8, HOMOR S P R S A, REBL A PR 511
BAFHARE Tk, (HREBRAR /N, B . (G WTEARFIEE R kb FRCR X I, 7Efi2E
R s, TR RAR A 1) TE O e A0 i Al Pk 1) s 400685855 . MPDB1 Al MPDB2 7845 R 71l vh i &
S BEER AT A AR HER 1 5%, DR mT TR ERET
2.3 MPDB HI%H FE ol iz

FRIGA U 2 BT T, %AW A ICT FITICT, HAP ICT A RE R4 &, 2RI AL &
1M TICT A REEFAL, AR BN EN . HTICT A S BT LRI TG AN, FEmBiEN
Jr, AR eI, MELUE B TICT Uk A5, R &7 RN, SEOLIE kB R,
MPDB LA W5 6 HAT B 1 . R A P A T i/ A B R v, Sl 4 i/ B EL BBk
SEAL A WIS R B IR BE TR 1 R 1E , S i i S2 (AR SCEHE(5 ) A 2(A) s . 20 C
B, 16A1 MPDB1 £ H RT3 550R 0~50% A H- 11/ HH B TR & 5506 498 nm 2247, 1 N H THHAARFR 43
R 50% WSROI b6, AOGIETERS , Y H AT 80 100% B, &S84 T 463 nm, #5745 35 nm, 1R
B BT TICT WOR S Z RIS, KU &6 Hei b . kA4 MPDB2 #E 46 H ik H % & i
7 F 468 nm, [ L4l H 1) 492 nm #5745 24 nm, 5 MPDB1ALAPIAH L, TICT 3% 2 K k55 R 4%
/IN. MPDB1 I MPDB2 [ & Y6 o ek €0 748 i (a0 (& S3, WA RRF 8. B4k, MPDBI A GiE X}
B AR A o SO R A, HTICT 8 S A5 Z B . T+ 20 “CHF MPDB A6 & 9078 H il H % TICT
RICBORSTERTE 2R, T EETE 1 = 26 B AR R ez A G R 26 B e 1

500 p__@a (A) 500 | a (B)
490 2 490
£ 480 F g 480
= a
5 < 470
£ 470 g
~ ~ 460
460 - 450
4350 I I I I 440 | I | L
0 20 40 60 80 100 0 20 40 60 80 100

Volume fraction of glycerol(%) Volume fraction of glycerol(%)

Fig. 2 Maxima emission wavelengths of fluorescence spectra of MPDB1(a) and MPDB2(b) in
glycerol/methanol solvents with various glycerol content at 20 °C(A) and —10 °C(B)
5. 0x107° mol/L., A, =340 nm.

CyppB1=CMPDB2™

BRI IR B R Z - 10 °C, IR ZEREE N, D661 F & S B 3 Fn & 2(B) fifR . 78
H IR R 40%~70% FI7E R, MPDB1 1) & ST A7 B FH 496 nm #5758 2 453 nm, G538 K H 0

30 30
A) Volume fraction of glycerol: (B) Volume fraction of glycerol:
25 F —100% 25 - - 100%
3 90% 3 — 90%
= 20 80% = 20 — 80%
£ - = 70% £ 70%
8 15 60% g 15 60%
= 50% = 50%
T 10 ----40% ¢10 40%
= 20% = 20%
5 —0 5 0
0 0
450 500 550 600 650 450 500 550 600 650
A/nm A/mm

Fig. 3 Fluorescence spectra of MPDB1(A) and MPDB2(B) in mixed glycerol/methanol solvents at —10 °C
5. 0x107® mol/L, A, =340 nm.

CyppB1=CVppB2~
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TRBUE, Ho R iy B AR ANAE | 1T MPDB2 [ & S 06t I H YR TR 40550k 40% B R IR 58S, BRI
H AT E0H 100% B, M 492 nm W #53] 442 nm. 7] U, MPDB1 1 MPDB2 fit) 2¢ S 28t 5 i 17 71 Bl A~
[f]. XJEN MPDBLAL A9 B — A4 FHURIE, 11 MPDB2 L5 0 Wi 4 i F U 3L, 524
TP BUCIE LA G | BRI TICT L 7S b7 U B s i B . [t alad oA fb S U R R H
AT LA 20 B oy . BRI D AR A i v R R A, R R U IR A & A B
TR, RBERIL.

L4500 5 440 nm &b 758 BE LY (Lsgg ol Lo ) E R G BE 1 RREL, 1320 ANIE 4 IR A HERNZR , I
T ZWAPG . T RIBEAZAE WL A AN | BRI G IR B I 8h KOG S5 TP R 15
W, FLASHERR . LN, B A8 R A FRFRICAE CIE 1931 (8 B AR AR F AT LAE B, 26 R H I & i
/A B W, MPDB1 A MPDB2 2l 4 (028 S i 45, (&1 5). B (e A8 A AT DL i AR IR 5535 CCD JEAHAL
BERERE], 3 TR T A ek sh A X B B S0 AR A I . MPDB1 % %6 152 1 107 3 FELE: 100~3000 mPa-s,
T MPDB2 [ 785 1 1 115 L& 100~46000 mPa-s, J&=— 2R REMSFI FH LRSI & i 26 R iR Er, HHA
Bt R A R AL N, i 07 90 PR ] R SRR R A

¥ MPDBI, Z500 un/Za10 1
35 F O MPDB?2, I500 nn/L440 1|
v ——MPDBI, Z500440=
30, —1.871gy+7.01
£ 551 —MPDBI, Lsopaa0=
s - —1.131gn+5.23
S 20r ~
Z1s5F
1.0 -
05 b
0 1 1 1 1 0
10! 107 10° 10¢ 0 01020304050.60.708
Viscosity/(mPa-s) x
Fig.4 Viscosity dependence of the ratio of fluorescence Fig.5 CIE chromaticity diagram (x, y) of the color
intensity of MPDB1 and MPDB2 in glycerol/ coordinates of MPDB1( v), MPDB2( O) in
methanol solvents at —10 °C glycerol/methanol solvents with various
Cypps =Cupopa=3- 0X107° mol/L, A =340 nm. glycerol content at —10°C

CrppBI=CrppR2 = 0x107° mol/L, A,,=340 nm.

TEAREE A DL R b, G TICT B A 32 BRI . I B2 R, BB BN AY TICT 25 o b3
i, A A P R ARG A WL VRt LA 0 Sk B g 1 P . R o s AT R [ S ) — 2 R T
(MOE)E A7, AT LA £ 00 2 3 e R A i FEE i AR 32, MPDBT R MPDB2 % MOE ¥ b i P A2 Ak
[ 2 ST AN ] S4 (LA SCSZ F:5-(5 B 7R . ML 100 °CH|-50 °C, MPDB1 [ %% F U6 D\ 484 nm %% 8l 5|
534 nm, £L#% T 50 nm, 1fii MPDB2 1) % 5§05 M 485 nm A 5%) 528 nm, ZLF55h T 43 nm.
2.4 MPDB-PEG BJ% 3¢5 E I N

MRS T B, BEE LR A TR, AHAS A RN TR AR EE R, A R RBE R, R W LU
Doolittle J5 B4 . Rk, B R 22 6k A WIRES PCMs 41 A 15 212G IR EE 1T . MPDB1 #1 MPDB2 ()
RN T RCRAEREEA B i . A SCEERE PEG20000 (4 15294 62 “COVENARZEBTEL . # MPDB 43
1E PEG20000 1, 1581 " b i i) PCMs 2GR BT

6(A)FI(B)4F% H T MPDB1-PEG20000 Fil MPDB2-PEG20000 75/ [RIV6EE T (0756 Y6t . wT LA
FH], 7E-10~50 ‘CIREEEP, MPDBI1-PEG20000 () % 16 )\ 464 nm 285 506 nm, L8 1 42 nm; 7£
~20~50 “Cift BESE FI N , MPDB2-PEG20000 4 A& 5% M 456 nm #4851 498 nm, £L8% T 42 nm[ &1 6(C) .
ETHES R, BATRE R s 648 R T840 . LA 510 nm F1450 nm P KA 95658 5 H (1,
Lo WENTRLIE (R R R, 3 Z 0BG, MR HERRZE [ 6(D) ]. MPDBI % % 't Fb R BRI A5 AL i
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