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KpE TEEHEZ WS IERE R 74 by s Ty Far A= g AR ROAIN] LEL, 25 ZXL0ERSh
TW5.

W1E S Tk, APEOREZEEREMSEE7x by s Ty 7Farn—=Ygy (U0) Ik - THEx 2K
FIUHHEIRICB T 2R3 VX —FIHDNROH RN ATRETH B 2 L 2l 7z b, BICHEES TR0 = HIH- = EIHEH
(TTA) ZH\W 5 UC HEBA KRG ~DEAATREE 2 A5 2 L 2R T\ 5. £ L THERDBEIATERED UC M EHI WY
Z D RS T & UCHN A0 D 7 & OBARNIRRAMEZ B 5 B CRERELE AV 72 72 DICkE BEME< JE
EHRRTEIZ B DM EMER SN CE - RBESE R L, TSRO E R UC HHEMEERE TH - AR KR TH 5
ZEEREBHL TS, LTI OMROIZDICEIIFHIEARAEIC 5 0 FESTED WM B OBRFE 21T 5 WEMEZ G U,
ZNEFEND T OFER IR RS T % F—7 LEEREERZAIE T 5 2 & TRT 25852 ER T 5.

B2 (T4 by T oFar"—=a VT EERESRORIL] TiE, AEROEBICHWD RIS T 2R
LIZfER, HOREEITO T v b 7B UM OBHIZE SO E L o5 T (ANP) Z#E L7z L, fE~EikEaodt
ZWILT DD RV T 4 U FBE Sy T (PLOEP) & ANNP & 23EAME U 7= A KA BES TR 5> & OB I b s L v,
B pum FLEE D BESL R A A > % b > ANNP &S 112 0. 002 mol%FEEE D PLOEP 2SR —ICEIE L=, #k~Ehke
D% F AW 2 EE AR R OAICE LTS, 2 L TEOREES X SRS kO E IS 2 #7722
WEERD T > T RS T & DOIERERORE R A BT, ANP OEE WD Z 0 X 5 R EEETER O %L ELIEThH
HZEEPALMTL TS, EHIT, 20 UCKEREMPERD UC ML 13587 0 BN FAET 5 22K 1 T Ok E RN T
FEHMZEICHRET 2 2 &, R 50%E EFRIN D UC & T-ENRANRSD TV 16%I232 L2 e BB TR EE A3 ks
HHREORIS D1 EE LB 2L, 2L OETRIBIORVEREZA T EEZWALNMILTND.

953w [HHURRIIESY T O BIRIC & 2 YW B#F ok k) i, mifE TR L7z UC Fifh R CHIERHO B Y 7%
IS ETHEBESEDH Z & T, PLOEP O A% W56 O i O R IUR A IR S ¥ 5 58 &2BR LTS, 205k
BUZHW DS T OB E LT A RV T 4 U VRO TERRIL, 10O & S GH & &' T LS5 E
MHEALMT LT b, BTEOREHEREZ AW TASREO UCHREMMERTRETH L Z L AR LTWAS, -, BT*
FARICR O CTRIK ZHEIEEMN O R =3 ANWP L9 5 < G 72 BI85 713 UC OFSEZ 383, A HM OB
DTOBEE TN E T LFHAEOERREN THL I EEZRAH LTINS, KB, Y—F7— v Ial—X—0bRAES
NI IR IROREN A ER L, EEEEOMES TOXFC Lo TUC BABEAWMRIEONDLZ LE2RLTND.

04w NREARSIEEZ BT vy 7T arn"—ya UEEREORIN] T, #iEE TORMER THW b1
WO R ZPEL, K0 IEHICHE U7 IR EO UC B 2 (9 2 FB L LT, Hilfl SN7iREAER 2 FIH L7 E
Rl A FHL, BEL TS, ZOER O, BRI T CIRERMEBENSITX 2 EE LR UME L |, &
Fm T & LTS 69°COERNFEND T (PPO) RUOZENEMARDEDLIHE S TE LTI~ U RS T (CBDAC) %iEE
L, W&z emEaE (0.83 C/mm) KOMRERETHE (=3 C//) IZBW RS Hun BREOFROEEEM K
AA VSO RFREHEMIED T T AEMR E~OERIZHRII L, TORE, EBRP CRIFMLE ICHKE TR T G
e EEAOAIT AT B A UC B A AL LT 5. £ 7=, PPO & CBDAC 23-E/LEL 30, 000:1 D & & |2 Bhe BB SR 23 e/ &
RHZE, FOREOREBMEREN KBEREDRK 3 50 1 LELERWI L, KO, RERiESEC s VT UC & T
RPN ANTIET D Z L 2R L TN D, £z, REREEENERIN BB RE & UC HEEIC S 2 DB AT LnIC L
TEY, BUREEREEZIT D 2 & DR E~o @i 2B UC IOA R MLETH D Z EEZALNILTND

Bh5E S Tk, FEICBNTEONMmERIEE, S625MEOR RICHET2IEZIToTWV5.

PLEZBET 512, RERSUIHERD UC M ELOFEMBE 2 Rk 2 5842 FE L, BRI 2L EN & REBERELLT
O BB & % HRE OB R EHREEIC B 5 L & 2 LA ETER UC #RmR DA Lz k, ZomtERED K %
IR 2 LIS B2 BMEREIA EDOIBEHE R EZIT > TWA Z 0D, TR ERVTEEEEIRT AL ZABKREV. ko
T, KTt (%) oA LT MiEE2 BT 56D LD LND.
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This thesis titled “Creation of high-performance photon upconversion organic crystal systems using
solid solution phases” consists of five Chapters.

In Chapter 1, photon upconversion (UC) based on triplet—triplet annihilation is discussed. UC is a
technology for converting less-useful long-wavelength light into useful shorter-wavelength light. It is
point out that previous samples have been rapidly solidified for homogeneous mixing of the
sensitizers and annihilators at the expense of crystallinity and thermodynamic stability. To solve these
problems, the use of a thermodynamically stable solid solution phase based on a two-component
mixed phase diagram was proposed.

In Chapter 2, it has been demonstrated that high-performance solid solution UC crystals created from
solution. Anthracene with a bulky adduct group (ANNP) was selected as the annihilator, and the
known porphyrin sensitizer (PtOEP) was dissolved in ANNP crystals at 0.002 mol% without
aggregation. The results of comparative experiments with anthracene molecules without the bulky
adduct group have indicated that the presence of such a group in ANNP is a critical component in our
concept. Furthermore, it has high photostability in the presence of oxygen, a high UC quantum yield
(®uc) of 16% (maximum value of 50%), and a remarkably low excitation threshold intensity (/) by
approximately one fifth.

In Chapter 3, the optical absorption range was extended by mixing several types of porphyrin
sensitizers in solid solution UC crystals. It was found that quantum chemical calculations of excitation
triplet energies can predict whether they are suitable for UC use. Finally, the UC crystals were
irradiated with simulated sunlight, and it was shown that the intensity of the UC emission was
increased.

In Chapter 4, melt deposition using controlled temperature gradients was conceived and proposed as
producing UC solid thin film more suitable for application without the organic solvents. An apparatus
for temperature gradient control under vacuum pumping was developed. An emitter (PPO) emitting
ultraviolet light with a low melting point of 69 °C and sensitizer (CBDAC) absorbing blue light were
selected. They succeeded in producing good polycrystalline films with single-crystalline domains of
several tens um at the optimum temperature gradient (0.83 °C/mm) and cooling rate (—3 °C/min)
found for these films. Under optimum temperature conditions, it is shown that the /i is at a minimum
when the molar ratio of PPO to CBDAC is 30,000:1, where the /i is about one-third of the solar
intensity, that the ®yc reaches about 4 %, and have high photostability in air.

In Chapter 5, the results and findings acquired in the above Chapters are summarized.
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