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Fig.3  Fluorescence emission spectra of TP films, quantita-
tive relationship between film thickness and fluores-

cence efficiency and corresponding pictures
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tative relationship between film thickness and fluores-

cence efficiency and corresponding pictures

B AN AHEIEE 5, BT 2 5 S W A X i B i AR
HIEE 38
2.2 HASWMAEENYIEEHRINRERR

EAEXT TP 5 TFA By R R A AR AE 5 1T
X TR AT 55 43 AT o i 2 TR A R AR 25 R A5 R
KI5 Jros o NI AT DU H 25 080 R 1Y) 32 22 f A AT
B B AE 7° 12° 14° 24° 25°,2 3,5, 6-DU X}
AR R 1Y 2 R R AT B e 43 I AE 120,200
29° 39° 41°,

WA 6 B, % TP H1 TFA 5 rb 5 J5 00 d5
AIAE L IEAT X AT SN, T LA i i) 4 ) 2
253 TP 5 TFA GHK LAY T Sl 1) (i (44T S e 13
B, 7E 50 nm JE 1) TP 5 oK & I0AT B I Y RRAE
Ut B, Bt SRR EL FE R 3G 0, 250 nm JEEAY TP 3R



- 118 - R TRAE2AR (A AR 2020 4

) (O

S I T S AN SO AT T TSN AN SN TS Y N MO N |
5 10 15 20 25 30 35 40 45 50 55 60
20/¢)

(a) TP

L)

T S [N TN [N T AN TN AN TN SN NN TR (NN SO (N T NN S |
5 10 15 20 25 30 35 40 45 50 55 60
20/(°)

(b) TFA¥ R

K5 TP 5 TFA JSURPBIARH) XRD &3
Fig.5 XRD patterns of pristine TP and TFA

250 nm
WMMW’”W
| i ‘M‘w‘ 50 nm
W"“mumw""‘w M i g
T S T U I N N RN B
5 10 15 20 25 30 35 40 45 50 55 60
20/(°)
(a) TPYAEE
250 nm
b
! i Wi, 50 nm
M\m‘ﬂwvn\.«f”" MW'\M"M\V\W-MVW/M,},wm%
L L | I | I - | I 1 P P ——
5 10 15 20 25 30 35 40 45 50 55 60
20/(°)
(b) TFAH B

K6 TP TFA HiE# XRD Pl
Fig.6  XRD patterns of TP and TFA nano-films

FE7° 120 24° 7 EAD W m TS P RRIE I . [RIRE
7E 50 nm JEHY TFA VR o oK e 90 W Sk )R ik 0
I, 7E 250 nm JEAY TFA Y9 20° 5 29° 0 &
Ak BRGSO 0 XoF L TR SR A A 5 6 T8
JEE ) AT SR T AR B, SRR ) JL A 55 A AR AT
W BRAE T 5 IR R BRI AR L L, S AT
I PR A SN B B) 3 ) S SR A T A B 5 A A
e N, WIFARIE BUBT B AR SE R, B B B
AL S AT SR A /DA | BT LA AT 1 IR RS AR Hh i
MIRFIEIGE T S B,

Qi 7 firzs 50 nm JREJE Y TP R AE 49 L 5
W 2Rl R R RTEE S MRS
A IFNRERE 3 B I AR A, N I 7 (a)
RBZS B, 250 nm JEEE B TP #RIE B TR KB
MRELS B EZL AR SR E, HTEE
K, BT (b) o] LAE R IR B S Z 0] 1 4
Bl /I, B A~ R AT

SEM HV: 5.0 kV
SEM MAG: 30.0 kx

RS
SEM HV: 5.0 kV WD: 4.01 mm
SEM MAG: 30.0 kx Det: In-Beam SE |2 um

(b) JEFF250 nm
K7 TP @R SEM FE
Fig.7 SEM images of TP films
il 8 Fr7R,50 nm JEEE Y TFA v JE7E 4945 i
T WA I O B 2R TR R A R A5 4




5 4 ]

WREE $9%  WE S T RE 4 TP/ TFA 4K Wi 5 Y6 B0 E Ye e IR

b

L - 119 -

IV

AR 5] 22 (8]0 B SR B R A
A Z T, 250 nm JEJE A TFA 38 R 84S R8Ok,
AR AR I, (BRI ey 47 | [H]

SEM HV: 5.0 kv
SEM MAG: 30.0 kx

=
WD: 4.01 mm

SEM HV: 5.0 kV
SEM MAG: 30.0 kx

Det: In-Beam SE__|2 um

(b) JEE250 nm
El8 TFA WM SEM i f
Fig.8 SEM images of TFA films
M LA ESRARI AHEET TP 5 TFA Uk}
Py ) AR R AR A SR AR L 2s W B SR TR T 1
Tl 55 P BELZH 3T AR S T 1) e 2 2 e TS P SR
LS RELARTEM

3 b

(1) KRR E S Py BEAAR DU il 28 T 450 5
2,3,5,6-PUgE R IR A PR L A3 oK T, A Eb
TASIUERDY AR | FLGN K B S B T 9 ' e B A~
BURBEIN & S K R 98 100 nm (9425 4k, 2,3,5,6-
DU U - Y R 20 DA JHE A X L RO 2R A 2 0
FB WA ST 7 nm FITEASH 3 nm BIZ1ES

(2)XRD K14 o - o Al s R AR iy 245 S R B
25085 2,3,5,6-PUF AR — R JEURHY A S A
Fir et B, 2 B A AR A T A TR S T P AR

W S U AT T S Pt AT S5 0 B, S B — AR
AR 5 Bt R B ), WA AR =2 1] 4 5% i
WIS, BN IURL B SR AR S W O, AT S 2L
TR P CRCR A B3 i K

L b TR AR N A RSSO T
B ARG, T 2R — by S5 A B A 5 9 A e
R DGR 22 57 5 P 3 00 Bt 3 5V 1) B
AR A A AR o ASSCRIFTESS RS Hh AL A A
8IS FH B Al 2 A e RO i R 45 A B0 AT i —
LS HEHE,

SENW:

(1] BRI B STORCRA LR R BT &
BHERENTSE[ D], BRI . LIRS, 2011,

ZHAO Y H. The design, synthesis and properties of
highly emissive organic solids[ D]. Jinan: Shandong Uni-
versity, 2011. (in Chinese)

[2] KRUMER Z, PERA S J, VAN DIJK-MOES R J A, et
al. Tackling self-absorption in luminescent solar concen-
trators with type-II colloidal quantum dots [ J]. Solar En-
ergy Materials & Solar Cells, 2013, 111: 57 —65.

[3] YANG H, SANTRA S, HOLLOWAY P H. Syntheses
and applications of Mn-doped II-VI semiconductor nano-
crystals [ J]. Journal of Nanoscience and Nanotechnolo-
gy, 2005, 5(9) . 1364 —1375.

[4] MEINARDI F, COLOMBO A, VELIZHANIN K A, et al.
Large area luminescent solar concentrators based on
¢ Stokes-shift-engineered’ nanocrystals in mass-polymer-
ized PMMA matrix [ J]. Nature Photonics, 2014, 8(5) :
392 -399.

[5] ZHOU JM, LI HH, ZHANG H, et al. A bimetallic lan-
thanide metal-organic material as a self-calibrating color-
gradient luminescent sensor [ J]. Advanced Materials,
2015, 27(44) . 7072 -7077.

[6] LOBNIK A, UREK S K, TUREL M. Quantum dots based
optical sensors [ J]. Defect and Diffusion Forum, 2012,
326 -328; 682 —689.

[7] MATTOUSSI H, PALUI G, NA H B. Luminescent quan-
tum dots as platforms for probing in vitro and in vivo bio-
logical processes [ J]. Advanced Drug Delivery Reviews,
2011, 64(2) . 138 - 166.

[8] PLOTNIK Y, PELEG O, DREISOW F, et al. Experi-
mental observation of optical bound states in the continu-
um [ J]. Physical Review Letters, 2011, 107(18) .
183901.

[9] NILSEN J, SCOFIELD J H, CHANDLER E A. Reinves-



- 120 -

R TR A2 (A RBRAR)

2020 4F

[10]

[11]

[12]

[13]

[14]

tigating the early resonantly photopumped X-ray laser
schemes [J]. Applied Optics, 1992, 31(24) . 4950 -
4956.

WALTER G, JR HOLONYAK N, RYOU J H, et al.
Room-temperature continuous photopumped laser opera-
tion of coupled InP quantum dot and InGaP quantum well
InP — InGaP —In ( AlIGa) P — InAIP heterostructures [ J ].
Applied Physics Letters, 2001, 79(13) : 1956 —1958.
SHANMUGARAJU S, DABADIE C, BYRNE K, etal. A
supramolecular Troger’s base derived coordination zinc
polymer for fluorescent sensing of phenolic-nitroaromatic
explosives in water [ J]. Chemical Science, 2017, 8
(2): 1535 —1546.

ZHOU X, GAN L, TIAN W M, et al. Ultrathin SnSe,
flakes grown by chemical vapor deposition for high-per-
formance photodetectors [ J]. Advanced Materials, 2015,
27(48) : 8035 —8041.

HORIBE H, SASAKI Y, OSHIRO H, et al. Quantifica-
tion of the solvent evaporation rate during the production
of three PVDF crystalline structure types by solvent cast-
ing [J]. Polymer Journal, 2014, 46(2); 104 - 110.
CAMEREL F, BARBERA J, OTSUKI J, et al. Solution-

[15]

[16]

[17]

(18]

processable liquid crystals of luminescent aluminum ( 8-
hydroxyquinoline-5-sulfonato) complexes [ J]. Advanced
Materials, 2008, 20(18) : 3462 —3467.

WANG R'Y, KANG X H, WANG R Q, et al. Compara-
tive study of the binding of trypsin to caffeine and theo-
phylline by spectrofluorimetry [ J]. Journal of Lumines-
cence, 2013, 138, 258 -266.

SATO Y, ZHANG Y S, NISHIZAWA S, et al. Competi-
tive assay for theophylline based on an abasic site-contai-
ning DNA duplex aptamer and a fluorescent ligand [ J].
Chemistry—A European Journal, 2012, 18 (40). 12719 —
12724.

YATSCOFF R W, HAYTER J. Competitive nephelomet-
ric inhibition immunoassay of theophylline with use of
monoclonal reagents: comparison with fluorescence polari-
zation and EMIT procedures [ J]. Clinical Chemistry,
1983, 29(10) : 1857 - 1858.

LIUJ, JIAX Y, CHENG M L, et al. Two lead-based co-
ordination polymers with 2, 3, 5, 6-tetrafluoroterephthal-
ic acid: synthesis, crystal structures and luminescent
properties [ J]. Chinese Journal of Inorganic Chemistry,
2014, 30(9) : 2165 -2173.

Preparation of theophylline/2,3 5, 6-tetrafluoroterephthalic acid

(TP/TFA) nano films by physical vapor deposition and their

photoluminescence properties

ZHAI XiaoYu
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CHEN YongJun

FAN XueRui

ZHANG HuiYan
MENG QingYun

PAN LianglLiang

(College of Mathematics and Physics, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; In order to investigate the fluorescence characteristics of organic fluorescent materials on the micro-nano

scale, organic nanofilms have been prepared by low-vacuum physical vapor deposition. After preparing the organic

nanofilms, it was found that compared with powdered theophylline (TP) the intensity of the fluorescence peak of TP

at 408 nm increased by a factor of four, the emission wavelength range was broadened by 100 nm, and the relative

intensities of the fluorescence peaks of TP and 2,3 ,5,6-tetrafluoroterphthalic acid (TFA) changed. The peak blue

shift was 7 nm, and the fluorescence peak at 362 nm was red-shifted by 3 nm. In addition, as the thickness of the

nanofilm increased, its fluorescence efficiency also increased. It was also found that as the thickness of the film in-

creased, the aggregate size of the particles gradually increased, and this is responsible for the observed increase in

fluorescence efficiency.

Key words: low-vacuum physical vapor deposition; organic nanofilm; photoluminescence properties



