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ɻʃɸɺɸ 3

TTA-UC ʚ ʤʘʪʨʠʮʘ ʦʪ ʤʝʢʘ ʤʘʪʝʨʠʷ ʩ ʥʠʩʢʘ
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʩʪʲʢʣʷʚʘʥʝ

ɿʘʙʝʣʝʞʢʘ: ʊʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʙʷʭʘ ʧʦʜʢʨʝʧʝʥʠ ʦʪ SONY Materials Science Laboratory
(MSL) ʑʫʪʛʘʨʪ, ɻʝʨʤʘʥʠʷ ʠ ɻʨʘʥʪ # 227127 “Smart light collecting system for the
efficiency enhancement of solar cells”, 7th FP: EphoCell ī ʇʨʦʝʢʪ, ɽʋ. ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʙʲʜʝ
ʧʨʝʜʩʪʘʚʝʥʘ ʧʲʨʚʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʜʝʤʦʥʩʪʨʘʮʠʷ ʥʘ ʥʝʢʦʭʝʨʝʥʪʥʦ ʚʲʟʙʫʜʝʥʘ (ʩʲʩ
ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ) ʬʦʪʦʥʥʘ up-ʢʦʥʚʝʨʩʠʷ.

3.1. ʆʧʠʩʘʥʠʝ ʥʘ ʝʥʝʨʛʝʪʠʯʝʩʢʠ ʦʧʪʠʤʠʨʘʥʘʪʘ TTA-UC
ʇʨʦʮʝʩʲʪ ʥʘ ʝʥʝʨʛʝʪʠʯʝʩʢʠ ʦʧʪʠʤʠʨʘʥʘʪʘ ʬʦʪʦʥʥʘ up-ʢʦʥʚʝʨʩʠʷ (TTA – UC) ʩʝ

ʠʟʚʲʨʰʚʘ ʚ ʤʫʣʪʠ-ʭʨʦʤʦʬʦʨʥʘ ʩʠʩʪʝʤʘ ʦʪ ʝʥʝʨʛʝʪʠʯʝʩʢʠ ʦʧʪʠʤʠʨʘʥʠ ʦʨʛʘʥʠʯʥʠ

ʤʦʣʝʢʫʣʠ, ʩʲʩʪʦʷʱʘ ʩʝ ʦʪ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ/ʠ (ʤʝʪʘʣʠʟʠʨʘʥʠ ʤʘʢʨʦʮʠʢʣʠ) ʠ ʝʤʠʪʝʨ/ʠ

(ʘʨʦʤʘʪʥʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ). ʂʘʪʦ ʧʨʠʤʝʨ, ʥʘ ʌʠʛʫʨʘ 3.1 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʦʧʨʦʩʪʝʥʘʪʘ

ʜʠʘʛʨʘʤʘ ʥʘ ʗʙʣʦʥʩʢʠ ʟʘ ʢʦʥʢʨʝʪʥʘ ʝʤʠʪʝʨʥʘ ʤʦʣʝʢʫʣʘ (ʌʠʛʫʨʘ 3.1a) ʠ ʩʲʦʪʚʝʪʥʦ,

ʥʦʨʤʠʨʘʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ ʘʙʩʦʨʙʮʠʷ (ʯʝʨʥʘʪʘ ʣʠʥʠʷ) ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (ʩʠʥʷʪʘ ʣʠʥʠʷ),

ʌʠʛʫʨʘ 3.1b.

ʌʠʛʫʨʘ 3.1: (a) – ʆʧʨʦʩʪʝʥʘ ʜʠʘʛʨʘʤʘ ʥʘ ʗʙʣʦʥʩʢʠ ʟʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʝʤʠʪʝʨʘ; (b) – ʅʦʨʤʠʨʘʥ
ʘʙʩʦʨʙʮʠʦʥʝʥ ʩʧʝʢʪʲʨ (ʯʝʨʥʘ ʣʠʥʠʷ) ʠ ʥʦʨʤʠʨʘʥ ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʩʧʝʢʪʲʨ (ʩʠʥʷ ʣʠʥʠʷ). ʋʩʣʦʚʠʷ:
ʨʘʟʪʚʦʨʠʪʝʣ – ʪʦʣʫʦʣ; ʢʦʥʮʝʥʪʨʘʮʠʷ - 1×10-4M; ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ʋʩʣʦʚʠʷ ʥʘ ʥʘ glove-box, ʧʦ-ʤʘʣʢʦ ʦʪ
4ppm O2. ʀʥʩʝʪ: ʉʪʨʫʢʪʫʨʘ ʥʘ ʢʦʥʢʨʝʪʥʠʷ ʝʤʠʪʝʨ, 3,10-Bis(3,3-dimethylbut-1-ynyl)perylene (BDP).

ɽʤʧʠʨʠʯʝʩʢʠ ʧʦʩʪʫʣʠʨʘʥʠ (ʦʪ ʥʘʰʘʪʘ ʛʨʫʧʘ) ʉʝʣʝʢʮʠʦʥʥʠ ʇʨʘʚʠʣʘ ʟʘ ʧʨʝ-
ʩʦʨʪʠʨʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʠ ʤʦʣʝʢʫʣʠ, ʩʧʦʩʦʙʥʠ ʜʘ ʠʟʚʲʨʰʚʘʪ ʝʬʝʢʪʠʚʥʘ TTA-UC

ʄʝʪʘʣʠʟʠʨʘʥʠʪʝ ʤʘʢʨʦʮʠʢʣʠ ʧʨʠʪʝʞʘʚʘʪ ʣʝʥʪʦʚʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʘʙʩʦʨʙʮʠʦʥʥʠʷ ʩʧʝʢʪʲʨ

ʩ ʜʚʝ ʭʘʨʘʢʪʝʨʥʠ ʣʠʥʠʠ: Soret ʠ Q. ɺ ɻʣʘʚʘ 1 ʙʝʰʝ ʩʧʦʤʝʥʘʪʦ, ʯʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʣʠʥʠʷʪʘ
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ʥʘ ʧʦʛʣʲʱʘʥʝ (Soret ʠʣʠ Q), ʝʥʝʨʛʠʷʪʘ ʥʘ ʬʦʪʦʥʘ ʩʝ ʨʝʣʘʢʩʠʨʘ (ʦʪʥʦʩʠʪʝʣʥʦ ʙʲʨʟʦ) ʜʦ

ʜʲʥʦʪʦ ʥʘ ʧʲʨʚʦʪʦ ʚʲʟʙʫʜʝʥʦ ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ SS1. ʇʨʦʮʝʩʲʪ ʥʘ TTA – UC ʚʢʣʶʯʚʘ

ʧʦʨʝʜʠʮʘ ʦʪ ʚʟʘʠʤʥʦ ʜʦʧʲʣʚʘʱʠ ʩʝ ʧʨʦʮʝʩʠ – ISC, TTT, TTA ʠ ʧʦʩʣʝʜʚʘʱʘ ʝʤʠʩʠʷ ʥʘ

ʟʘʢʲʩʥʷʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ [G7, 42] ʠ/ʠʣʠ ʦʩʪʘʪʲʯʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ

[G8, 43].

ʌʠʛʫʨʘ 3.2: ʆʧʨʦʩʪʝʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʭʝʤʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA – UC ʚ ʜʚʫʢʦʤʧʦʥʝʥʪʥʘ ʦʨʛʘʥʠʯʥʘ ʩʠʩʪʝʤʘ.
ʋʩʣʦʚʠʷ: ʈʘʟʪʚʦʨʠʪʝʣ – ʪʦʣʫʦʣ; ʄʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ: ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ – 1×10-5M; ʝʤʠʪʝʨ – 1×10-4M;
ʉʪʘʡʥʘ ʪʝʤʝʧʨʘʪʫʨʘ; ʋʩʣʦʚʠʷ ʥʘ ʥʘ glove-box, ʧʦ-ʤʘʣʢʦ ʦʪ 4ppm O2.

ʇʲʨʚʠʷʪ ʧʨʦʮʝʩ ʦʪ ʪʘʟʠ ʧʦʨʝʜʠʮʘ ʝ ISC, ʫʩʠʣʝʥ ʦʪ ʩʧʠʥ-ʦʨʙʠʪʘʣʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʠʝ ʩ

ʮʝʥʪʨʘʣʥʠʷ ʪʝʞʲʢ ʤʝʪʘʣʝʥ ʘʪʦʤ. ɽʬʝʢʪʠʚʥʠʷʪ ISC ʧʦʟʚʦʣʷʚʘ ʟʘʩʝʣʚʘʥʝʪʦ ʥʘ ʪʨʠʧʣʝʪʥʦʪʦ

ʩʲʩʪʦʷʥʠʝ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʛʣʲʱʘʥʝ ʥʘ ʝʜʠʥʠʯʝʥ ʬʦʪʦʥ.

ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʠʟʯʝʟʚʘʱʦ ʤʘʣʢʠʷʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ISC ʟʘ ʝʤʠʪʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ

[36] ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʩʲʱʝʩʪʚʝʥʦ ʜʝʧʦʧʫʣʘʮʠʷʪʘ ʥʘ ʚʲʟʙʫʜʝʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʥʠʚʦ ʥʘ

ʝʤʠʪʝʨʘ ʯʨʝʟ ʧʨʦʮʝʩʘ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, ʠ ʛʦ ʩʲʭʨʘʥʷʚʘ ʟʘ ʧʨʦʮʝʩʘ ʥʘ TTA.

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʧʲʨʚʦʨʦ ʠʟʠʩʢʚʘʥʝ ʝ ʜʘ ʩʲʱʝʩʪʫʚʘ ʛʦʣʷʤʘ ʨʘʟʣʠʢʘ ʚ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ

ISC ʟʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʠ ʟʘ ʝʤʠʪʝʨʘ:
E
ISC

S
ISC cc >>                                                              (3.1)

ɺʪʦʨʠʷʪ ʧʨʦʮʝʩ ʝ ʪʨʘʥʩʬʝʨʲʪ ʥʘ ʝʥʝʨʛʠʷ (TTT, [44]) ʦʪ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʪʝ ʪʨʠʧʣʝʪʠ

ʢʲʤ ʪʨʠʧʣʝʪʠʪʝ ʥʘ ʝʤʠʪʝʨʘ:

ttt,TTShS 1
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CHAPTER 3: TTA-UC in softmatter matrix with low glass transition temperature

33

ɻʦʨʥʠʷʪ ʠʥʜʝʢʩ (i) ʦʧʠʩʚʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠ ʠʣʠ ʝʤʠʪʝʨʥʠ ʪʨʠʧʣʝʪʠ ʩʲʟʜʘʜʝʥʠ ʚ

ʤʦʤʝʥʪʠʪʝ ʚʨʝʤʝ t = ti, i= 1, 2 ʩʲʦʪʚʝʪʥʦ. ʉʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʷʪ ʪʨʠʧʣʝʪʝʥ ʘʥʩʘʤʙʲʣ ʝ

ʩʲʱʝʩʪʚʝʥʦ ʦʙʝʟʩʝʣʝʥ ʯʨʝʟ ʧʨʦʮʝʩʘ ʥʘ TTT [45]. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʦʩʪʘʪʲʯʥʠʪʝ ʪʨʠʧʣʝʪʥʠ

ʩʲʩʪʦʷʥʠʷ ʊS(i)
1 ʤʦʛʘʪ ʜʘ ʫʯʘʩʪʚʘʪ ʚ ʢʦʥʢʫʨʠʨʘʱʠʷʪ ʧʨʦʮʝʩ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (MM):

2,1i,hST 3
S
0

Ph
1

)i(S =n+½­½                                            (3.4)

ʊʲʡ ʢʘʪʦ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʷʪ ʘʥʩʘʤʙʲʣ ʝ ʝʬʝʢʪʠʚʥʦ ʦʙʝʟʩʝʣʚʘʥ, ʜʠʥʘʤʠʯʥʠʪʝ

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, ʪʘʢʠʚʘ ʢʘʪʦ ʠʥʪʝʥʟʠʚʥʦʩʪ ʠ ʚʨʝʤʝ ʥʘ

ʟʘʪʠʭʚʘʥʝ ʱʝ ʙʲʜʘʪ ʩʠʣʥʦ ʠʟʤʝʥʝʥʠ. ʆʱʝ ʧʦʚʝʯʝ, ʤʦʜʫʣʘʮʠʷʪʘ ʥʘ ʪʝʟʠ ʧʘʨʘʤʝʪʨʠ ʧʦ

ʦʪʥʦʰʝʥʠʝ ʥʘ ʥʝ-ʩʤʫʪʝʥʘʪʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ

ʤʘʨʢʝʨ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ TTT-ʧʨʦʮʝʩʘ.

ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ TTT – ʧʨʦʮʝʩʘ ʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ ʦʪ ʩʪʝʧʝʥʪʘ ʥʘ ʧʨʠʧʦʢʨʠʚʘʥʝ

ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʦʪʦ ʠ ʝʤʠʪʝʨʥʦʪʦ ʪʨʠʧʣʝʪʥʠ ʥʠʚʘ, ʢʘʪʦ ʪʦʚʘ ʝ ʚʪʦʨʦʪʦ ʠʟʠʩʢʚʘʥʝ

[G7] ʟʘ ʝʬʝʢʪʠʚʥʘ TTA – UC ʚ ʤʫʣʪʠ-ʭʨʦʤʦʬʦʨʥʘʪʘ ʦʨʛʘʥʠʯʥʘ ʩʠʩʪʝʤʘ:
E
triplet

S
triplet EEEin0E =D+­D                                      (3.5)

ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ ʝʢʩʧʣʠʮʠʪʥʦ, ʯʝ ʘʢʦ ʝʤʠʪʝʨʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʥʠʚʦ ʩʝ ʥʫʞʜʘʝ ʦʪ

ʪʝʨʤʠʯʥʘ ʝʥʝʨʛʠʷ, ʟʘ ʜʘ ʙʲʜʝ ʟʘʩʝʣʝʥʦ (ʪ.e. 0>DE ) ʪʦʚʘ ʥʘʤʘʣʷʚʘ ʩʠʣʥʦ ʝʬʝʢʪʠʚʥʦʩʪʪʘ

ʥʘ ʊʊʊ-ʧʨʦʮʝʩʘ.

ʊʨʝʪʠʷʪ ʧʨʦʮʝʩ ʝ ʧʨʦʮʝʩʲʪ ʥʘ TTA [35]. ɺʲʟʤʦʞʥʠ ʩʘ ʢʘʢʪʦ homo-TTA ʧʨʦʮʝʩʠ

(ʘʥʠʭʠʣʘʮʠʷ ʥʘ ʝʤʠʪʝʨʥʠ ʪʨʠʧʣʝʪʥʠ [N31, 46, R35] ʩʲʩʪʦʷʥʠʷ (ʨʘʚʝʥʩʪʚʦ 3.6) ʠʣʠ

ʘʥʠʭʠʣʘʮʠʷ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ (ʨʘʚʝʥʩʪʚʦ 3.7)), ʪʘʢʘ ʠ hetero-

ʊʊɸ (ʨʘʚʝʥʩʪʚʘ 3.8 ʠ 3.9), ʪ.ʝ. ʘʥʠʭʠʣʘʮʠʷ ʥʘ ʝʤʠʪʝʨʥʠ ʠ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠ ʪʨʠʧʣʝʪʥʠ

ʩʲʩʲʪʦʷʥʠʷ [N41].
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ɻʦʨʥʠʪʝ ʠʥʜʝʢʩʠ S ʠ E ʦʙʦʟʥʘʯʘʚʘʪ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠ ʠ ʝʤʠʪʝʨʥʠ ʩʲʩʪʦʷʥʠʷ, ʩʲʦʪʚʝʪʥʦ.

ʊʨʝʪʦʪʦ ʧʨʘʚʠʣʦ ʟʘ ʝʬʝʢʪʠʚʥʘ TTA – UC ʠʟʠʩʢʚʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʨʘʚʝʩʪʚʦ (3.10) ʙʝʟ

ʚʲʚʣʠʯʘʥʝ ʥʘ ʪʝʨʤʠʯʥʘ ʝʥʝʨʛʠʷ:
E

glet
E
triplet EEE2in0E sin=D+³­D (3.10)
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ʊʦʚʘ ʧʨʘʚʠʣʦ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʩʫʤʘʨʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘ ʜʚʝ ʝʤʠʪʝʨʥʠ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ ʩʘ

ʜʦʩʪʘʪʲʯʥʠ ʜʘ ʟʘʩʝʣʷʪ ʧʲʨʚʦʪʦ ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʝʤʠʪʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ ʙʝʟ

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʝʨʤʠʯʥʘ ʝʥʝʨʛʠʷ.

ʇʦʩʣʝʜʥʦʪʦ, ʯʝʪʚʲʨʪʦ ʧʨʘʚʠʣʦ, ʝ ʩʚʲʨʟʘʥʦ ʩʲʩ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʩʧʝʢʪʲʨʘ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʘʪʘ ʤʦʣʝʢʫʣʘ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʧʦʜʙʠʨʘʪ ʪʘʢʠʚʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠ,

ʢʦʠʪʦ ʜʘ ʦʛʨʘʥʠʯʘʪ ʜʨʘʩʪʠʯʥʦ ʧʨʦʮʝʩʘ ʥʘ ʨʝ-ʘʙʩʦʨʙʮʠʷ ʥʘ ʛʝʥʝʨʠʨʘʥʘʪʘ up-

ʢʦʥʚʝʨʩʠʦʥʥʘ ʝʤʠʩʠʷ, ʪ.ʝ. „ʧʨʦʟʦʨʝʮʘ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪ“ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʘʪʘ ʤʦʣʝʢʫʣʘ

ʚ ʦʩʥʦʚʥʦ ʩʲʩʪʦʷʥʠʝ ʪʨʷʙʚʘ ʜʘ ʝ ʜʦʩʪʘʪʲʯʥʦ ʰʠʨʦʢ. ʄʘʢʨʦʮʠʢʣʠʯʥʠʪʝ ʤʦʣʝʢʫʣʠ, ʪʘʢʠʚʘ

ʢʘʪʦ ʧʦʨʬʠʨʠʥʠ ʠ ʬʪʘʣʦʮʠʘʥʠʥʠ ʠʤʘʪ ʣʝʥʪʦʚʠʜʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʘʙʩʦʨʙʮʠʦʥʥʠʪʝ ʩʠ

ʩʧʝʢʪʨʠ ʠ ʩʨʘʚʥʠʪʝʣʥʦ ʰʠʨʦʢ ʧʨʦʟʦʨʝʮ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʬʦʪʦʥʠʪʝ ʩ

ʝʥʝʨʛʠʠ ʜʦʩʪʘʪʲʯʥʦ ʨʘʟʣʠʯʥʠ ʦʪ Soret-ʣʠʥʠʷʪʘ ʠ Q-ʣʠʥʠʷʪʘ ʱʝ ʙʲʜʘʪ ʩʣʘʙʦ ʧʦʛʣʲʱʘʥʠ:
S

bandQ
ES

bandSoret EEE -- >>> singlet                                   (3.11)

ʊʠʧʠʯʝʥ ʘʙʩʦʨʙʮʠʦʥʝʥ ʩʧʝʢʪʲʨ ʥʘ ʩʝʥʠʙʠʣʠʟʘʪʦʨ ʠ UC – ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ

ʥʘ ʌʠʛʫʨʘ 3.3.
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ʌʠʛʫʨʘ 3.3: ʅʦʨʤʠʨʘʥ ʘʙʩʦʨʙʮʠʦʥʝʥ ʩʧʝʢʪʲʨ (ʢʘʬʷʚʘʪʘ ʣʠʥʠʷ) ʥʘ PdTBP ʠ ʥʦʨʤʠʨʘʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ
(ʩʠʥʷʪʘ ʣʠʥʠʷ) ʥʘ ʝʤʠʪʝʨʘ. ʀʥʩʝʪ: ʩʪʨʫʢʪʫʨʘ ʥʘ 3,10-Bis(3,3-dimethylbut-1-ynyl) Dibenz[de,kl] anthracene.

ʆʙʦʙʱʝʥʠʝ: ʩʤʠʩʲʣʲʪ ʥʘ ʪʘʢʘ ʧʦʩʪʫʣʠʨʘʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʉʝʣʝʢʮʠʦʥʥʠ

ʇʨʘʚʠʣʘ ʟʘ ʧʦʜʙʦʨ ʥʘ ʤʫʣʪʠ-ʭʨʦʤʦʬʦʨʥʠʪʝ ʩʠʩʪʝʤʠ ʝ, ʯʝ ʘʢʦ ʨʘʚʝʥʩʪʚʘʪʘ (3.1), (3.5),

(3.10) ʠ (3.11) ʩʘ ʠʟʧʲʣʥʝʥʠ, ʪʦ ʨʘʚʝʥʩʪʚʘʪʘ (3.2) ʠ (3.6) ʱʝ ʙʲʜʘʪ ʠʟʧʲʣʥʝʥʠ ʩʲʱʦ, ʠ ʱʝ

ʙʲʜʝ ʥʘʙʣʶʜʘʚʘʥʘ ʝʬʝʢʪʠʚʥʘ TTA-UC.

ʉʧʝʮʠʘʣʥʦ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʘʚʘ ʬʘʢʪʘ, ʯʝ ʚʩʠʯʢʠ ʤʦʣʝʢʫʣʥʠ ʝʥʝʨʛʝʪʠʯʥʠ ʥʠʚʘ,

ʚʲʚʣʝʯʝʥʠ ʚ ʧʨʦʮʝʩʘ ʥʘ TTA – UC ʩʘ ʨʝʘʣʥʠ ʝʥʝʨʛʝʪʠʯʥʠ ʥʠʚʘ, ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʥʝ ʩʘ

ʠʟʧʦʣʟʚʘʪ ʚʠʨʪʫʘʣʥʠ ʝʥʝʨʛʝʪʠʯʥʠ ʥʠʚʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʧʨʦʮʝʩʲʪ ʥʘ intra-ʤʦʣʝʢʫʣʥʘ

ʨʝʣʘʢʩʘʮʠʷ (IC) ʩʲʩ ʭʘʨʘʢʪʝʨʥʘ ʚʨʝʤʝʚʘ ʩʢʘʣʘ ʦʪ n×10-12s [36] ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ

ʧʨʝʥʝʙʨʝʛʚʘʥ. ʂʘʪʦ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʮʝʩʲʪ ʥʘ IC ʚʦʜʠ ʜʦ ʟʥʘʯʠʪʝʣʥʘ ʟʘʛʫʙʘ ʥʘ ʬʦʪʦʥʥʘ
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ʝʥʝʨʛʠʷ, ʟʘʪʦʚʘ, a priori up-ʢʦʥʚʝʨʪʠʨʘʥʘʪʘ ʝʤʠʩʠʷ ʠʤʘ ʯʝʩʪʦʪʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʥʠʩʢʘ ʦʪ

ʫʜʚʦʝʥʘʪʘ ʯʝʩʪʦʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ.

3.2. ʂʚʘʥʪʦʚ ʜʦʙʠʚ ʥʘ TTA-UC
ʅʘ ʩʪʨʘʥʠʮʠ 72-73 ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʝ ʦʧʠʩʘʥʘ ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʜʫʨʘʪʘ ʟʘ

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʚʘʥʪʦʚʠʷ ʜʦʙʠʚ (hTTA-UC) ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA – UC. ʀʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ

ʝ, ʯʝ ʟʘ ʪʘʢʦʚʘ ʢʦʤʧʣʝʢʩʥʦ ʷʚʣʝʥʠʝ, ʩʲʩʪʦʷʱʦ ʩʝ ʦʪ ʧʦʨʝʜʠʮʘ ʠʥʪʨʘ-ʤʦʣʝʢʫʣʷʨʥʠ ʠ

ʠʥʪʝʨ-ʤʦʣʝʢʫʣʷʨʥʠ ʧʨʦʮʝʩʠ ʩʝ ʘʜʘʧʪʠʨʘ ʢʣʘʩʠʯʝʩʢʘʪʘ (IUPAC) ʜʝʬʠʥʠʮʠʷ ʟʘ ʢʚʘʥʪʦʚ

ʜʦʙʠʚ:
photons
absorbed

photons
emittedUCTTA NN=-h                                                         (3.14)

ʂʲʜʝʪʦ ʧʦʜ “ʘʙʩʦʨʙʮʠʷ, photons
absorbedN ” ʩʝ ʨʘʟʙʠʨʘ ʘʙʩʦʨʙʮʠʷʪʘ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʪʝ

ʤʦʣʝʢʫʣʠ, ʘ ʧʦʜ “ʝʤʠʩʠʷ, photons
emittedN ”  - UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʝʤʠʪʝʨʥʠʪʝ ʤʦʣʝʢʫʣʠ

3.3. ʅʝʢʦʭʝʨʝʥʪʥʦ ʚʲʟʙʫʜʝʥʘ TTA – UC
ʄʦʪʠʚʘʮʠʷ: ɼʠʨʝʢʪʥʦʪʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʩʧʝʢʪʨʘʣʥʘʪʘ ʷʨʢʦʩʪ ʥʘ ʢʲʩʦʚʲʣʥʦʚʘʪʘ ʯʘʩʪ

ʥʘ ʩʣʲʥʯʝʚʠʷ ʩʧʝʢʪʲʨ ʙʝʰʝ ʩʲʱʝʩʪʚʝʥʦ ʪʝʭʥʦʣʦʛʠʯʥʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ. ʊʫʢ ʱʝ ʙʲʜʝ

ʜʝʤʦʥʩʪʨʠʨʘʥʘ ʜʠʨʝʢʪʥʘ up-ʢʦʥʚʝʨʩʠ  ̫ ʥʘ ʝʤʠʩʠʷʪʘ ʥʘ ʉʣʲʥʮʝʪʦ. ɽʜʠʥʩʪʚʝʥʘʪʘ

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʜʝʤʦʥʩʪʨʘʮʠʷ (ʜʦ 2006 ʛʦʜʠʥʘ) ʥʘ ʧʦʜʦʙʝʥ ʧʨʦʮʝʩ ʙʝʰʝ ʘʥʪʠ-

ʉʪʦʢʩʦʚʦʪʦ ʈʘʤʘʥʦʚʦ ʨʘʟʩʝʡʚʘʥʝ, ʧʦʣʫʯʝʥʦ ʩʣʝʜ ʩʠʣʥʦ ʬʦʢʫʩʠʨʘʥʝ ʥʘ ʉʣʲʥʮʝʪʦ [115],

(ʪʦʟʠ ʝʢʩʧʝʨʠʤʝʥʪ ʝ ʙʠʣ ʧʨʦʚʝʜʝʥ ʧʨʝʟ 1928 ʛʦʜʠʥʘ).

ʇʲʨʚʦʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ TTA – UC ʩʠʩʪʝʤʘʪʘ ʝ ʰʠʨʦʢʠʷʪ ʘʙʩʦʨʙʮʠʦʥʝʥ ʩʧʝʢʪʲʨ ʥʘ

ʝʜʠʥʠʯʝʥ MOEP (ʧʦʥʝ Dl = 15 nm ʰʠʨʠʥʘ, FWHM) ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠ [P25]. ʌʫʥʜʘʤʝʥʪʘʣʥʦ ʧʨʝʠʤʫʱʝʩʪʚʘʦ ʥʘ TTA – UC ʩʠʩʪʝʤʘʪʘ ʝ

ʥʝʡʥʦʪʦ ʚʲʪʨʝʰʥʦ ʧʨʠʩʲʱʘ ʥʝʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʦʭʝʨʝʥʪʥʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʥʘ

ʚʲʟʙʫʞʜʘʥʝ.

** ɿʘʙʝʣʝʞʢʘ: ʉʧʝʮʠʘʣʥʦ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʘʚʘ ʪʝʨʤʠʥʘ “ʙʝʟʢʠʩʣʦʨʦʜʥʠ ʫʩʣʦʚʠʷ”. ʇʨʠ

ʪʝʟʠ ʧʲʨʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ UC-ʬʣʫʠʜʥʠ ʩʠʩʪʝʤʠ, ʥʠʝ ʩʣʝʜʚʘʭʤʝ ʦʙʱʠʪʝ ʟʘ ʦʙʣʘʩʪʪʘ

ʥʘ ʦʨʛʘʥʠʯʥʘʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʠʢʘ ʪʝʭʥʠʢʠ ʟʘ ʜʝ-ʦʢʩʠʞʝʥʘʮʠʷ, ʪʘʢʠʚʘ ʢʘʪʦ

(i) ʇʨʦʜʫʭʚʘʥʝ ʩʲʩ ʩʫʭ ʛʘʟ (ʘʟʦʪ ʠʣʠ ʘʨʛʦʥ) ʟʘ ʨʘʟʣʠʯʥʠ ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣʠ ʠ ʥʘʣʷʛʘʥʝ;

(ii) ʎʠʢʣʠ ʥʘ ʢʨʠʦʛʝʥʥʦ ʣʠʦʬʠʣʠʟʠʨʘʥʝ, ʩʣʝʜʚʡʢʠ ʨʘʟʣʠʯʥʠ ʝʤʧʠʨʠʯʥʠ ʨʝʮʝʧʪʠ.
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ʅʘʚʣʠʟʘʡʢʠ ʚ ʜʲʣʙʦʯʠʥʘ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʦʙʣʘʩʪ, ʘʟ ʦʩʲʟʥʘʭ, ʯʝ ʜʦʨʠ ʠʟʯʝʟʚʘʱʦ

ʤʘʣʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʥʘ ʥʠʚʦ n×ppm, ʜʦʢʘʟʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦ-ʥʘʪʘʪʲʢ ʚ

ʜʠʩʝʨʪʘʮʠʷʪʘ ʠ ʩʪʘʥʘʣʦ ʧʨʠʯʠʥʘ ʟʘ ʩʝʨʠʷ ʦʪ ʩʚʝʪʦʚʥʠ ʧʘʪʝʥʪʠ) ʥʘ ʢʠʩʣʦʨʦʜ ʤʦʛʘʪ ʜʘ

ʧʨʦʤʝʥʷʪ ʜʠʥʘʤʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ TTA – UC. ɿʘʪʦʚʘ ʪʝʭʥʠʢʘʪʘ ʥʘ

ʦʙʝʟʢʠʣʦʨʦʜʷʚʘʥʝ ʱʝ ʙʲʜʝ ʜʦʢʣʘʜʚʘʥʘ ʚ ʝʢʩʧʣʠʮʠʪʥʘ ʬʦʨʤʘ ʟʘ ʚʩʝʢʠ ʝʢʩʧʝʨʠʤʝʥʪ.

ʅʘ ʌʠʛʫʨʘ 3.7a ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʧʲʨʚʘʪʘ ʥʝʢʦʭʝʨʝʥʪʥʦ ʚʲʟʙʫʜʝʥʘ TTA – UC ʚ ʩʠʩʪʝʤʘʪʘ ʥʘ

DPA (10mg / ml) ʣʝʛʠʨʘʥʘ ʩ 2%wt. PdOEP. ʅʘ ʌʠʛʫʨʘ 3.7b ʩʝ ʚʠʞʜʘ ʜʦʙʨʝ ʨʘʟʩʝʷʥʘʪʘ

ʟʝʣʝʥʘ ʯʘʩʪ ʥʘ ʩʣʲʥʯʝʚʠʷ ʩʧʝʢʪʲʨ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʘʪʘ ʩʣʝʜʘ ʥʘ ʝʤʠʪʝʨʘ – DPA. .
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ʌʠʛʫʨʘ 3.7: (a) – ʅʦʨʤʠʨʘʥ ʩʧʝʢʪʲʨ ʥʘ ʚʲʟʙʫʞʜʘʥʝ (ʟʝʣʝʥʠ ʢʨʲʛʦʚʝ); ʥʦʨʤʠʨʘʥʘ ʟʘʢʲʩʥʷʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ
ʥʘ DPA (ʩʠʥʠ ʢʨʲʛʦʚʝ). (b) – CCD-ʬʦʪʦʛʨʘʬʠʷ ʥʘ up-ʢʦʥʚʝʨʪʠʨʘʥʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ 1 cm ʢʶʚʝʪʘ,
ʚʲʟʙʫʜʝʥʘ ʩʲʩ ʟʝʣʝʥʘʪʘ ʯʘʩʪ ʥʘ ʩʣʲʥʯʝʚʠʷʪ ʩʧʝʢʪʲʨ, ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʥʠ ʦʧʪʠʯʥʠ ʬʠʣʪʨʠ. ɼʥʝʚʥʘ ʩʚʝʪʣʠʥʘ.
ʋʩʣʦʚʠʷ: ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ʊʦʣʫʦʣ, ʜʝʛʘʟʠʨʘʥ**; ʀʥʪʝʥʟʠʪʝʪ 10W×cm-2.

ɿʘʙʝʣʝʞʢʘ: ʇʫʙʣʠʢʫʚʘʥʝʪʦ ʥʘ ʥʘʰʠʪʝ ʨʝʟʫʣʪʘʪʠ ʙʝ ʧʦʩʨʝʱʥʘʪʦ ʩ ʦʛʨʦʤʝʥ ʠʥʪʝʨʩ ʦʪ

ʥʘʫʯʥʘʪʘ / ʪʝʭʥʦʣʦʛʠʯʥʘʪʘ ʧʨʝʩʘ. ɹʷʭʘ ʧʫʙʣʠʢʫʚʘʥʠ ʩʝʨʠʷ ʦʪ ʧʨʝʩ-ʨʝʣʠʟʠ, ʜʘ ʩʧʦʤʝʥʘ
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3.4. ʆʙʱ ʧʦʜʭʦʜ ʟʘ ʥʝ-ʢʦʭʝʨʝʥʪʥʦ ʚʲʟʙʫʜʝʥʘ ʘʥʠʭʠʣʘʮʠʦʥʥʘ up-
ʢʦʥʚʝʨʩʠʷ: ʊʨʘʥʩʬʦʨʤʠʨʘʥʝ ʥʘ ʉʣʲʥʯʝʚʠʷ ʩʧʝʢʪʲʨ

ʄʦʪʠʚʘʮʠʷ: ʉʣʝʜʚʘʡʢʠ ʥʘʰʘʪʘ ʭʠʧʦʪʝʟʘ ʟʘ ʉʝʣʝʢʮʠʦʥʥʠʪʝ ʇʨʘʚʠʣʘ ʟʘ TTA-UC

[ʫʨʘʚʥʝʥʠʷ (3.1), (3.5), (3.10) ʠ(3.11)] ʨʝʰʠʭʤʝ ʜʘ ʧʦʜʙʝʨʝʤ ʦʨʛʘʥʠʯʥʠ ʙʘʛʨʠʣʘ, ʢʦʠʪʦ ʛʠ

ʠʟʧʲʣʥʷʚʘʪ ʩ ʮʝʣ ʜʘ ʨʘʟʰʠʨʠʤ ʜʨʘʩʪʠʯʥʦ ʩʧʝʢʪʲʨʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ.

ʅʘ ʩʪʨʘʥʠʮʠ 79-87 ʦʪ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʝ ʦʧʠʩʘʥ ʧʦʜʨʦʙʥʦ ʝʢʩʧʝʨʠʤʝʥʪʲʪ

ʧʦʟʚʦʣʷʚʘʱ ʘʙʩʦʨʙʮʠʷʪʘ ʥʘ ʩʣʲʥʯʝʚʠʷʪ ʩʧʝʢʪʲʨ Dl = 520 ÷ 740 nm ʠ ʥʝʛʦʚʘʪʘ

ʩʪʲʧʘʣʦʚʠʜʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʲʤ ʩʠʥʠ ʜʲʣʞʠʥʠ ʥʘ ʚʲʣʥʘʪʘ ʩ lmax = 420 nm. ɹʝʰʝ

ʜʝʤʦʥʩʪʨʠʨʘʥ up-ʢʦʥʚʝʨʩʠʦʥʝʥ ʢʚʘʥʪʦʚ ʜʦʙʠʚ ʦʪ 3.2% ʧʦʣʫʯʝʥ ʩʲʩ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ ʩ

ʥʠʩʢʲʢ ʠʥʪʝʥʟʠʪʝʪ, ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ Iexc = 0.1W×cm-2 ʠ ʝʢʩʪʨʝʤʘʣʥʦ ʥʠʩʢʘ ʩʧʝʢʪʨʘʣʥʘ

ʧʣʲʪʥʦʩʪ ʥʘ ʤʦʱʥʦʩʪʪʘ, ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 250µW×cm-2×nm-1. ʅʘ ʌʠʛʫʨʘ 3.8 ʩʘ ʧʦʢʘʟʘʥʠ

ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʧʦʜʙʨʘʥʠʪʝ ʩʲʛʣʘʩʥʦ ʉʝʣʝʢʮʠʦʥʥʠʪʝ ʇʨʘʚʠʣʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠ ʠ

ʝʤʠʪʝʨʥʠ ʤʦʣʝʢʫʣʠ.

ʌʠʛʫʨʘ 3.8: ʉʪʨʫʢʪʫʨʠ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠʪʝ (a) ʠ ʥʘ ʝʤʠʪʝʨʠʪʝ (b). ɼʚʦʡʢʠ - ʩʝʥʩʠʙʠʣʠʘʪʦʨ / ʝʤʠʪʝʨ,
ʢʘʢʪʦ ʩʣʝʜʚʘ, PdOEP (1a) ʠ DPA (1b); PdTBP (2a) ʠ BPEA (2b); PdPh4OMe8TNP (3a) ʠ BPEN (3b), X=OMe.

ʉʝʥʩʠʙʠʣʠʟʘʪʦʨʠʪʝ ʦʪ ʌʠʛʫʨʘ 3.8 ʩʘ (1a) - (2,7,8,12,13,17,18-octaethylporphyrin Palladium

(PdOEP); (ʌʠʛʫʨʘ 3.8, 2a) - meso-Tetraphenyl-tetrabenzoporphyrin Palladium (PdPh4TBP),

meso-Tetraphenyl-octamethoxide-tetranaphtho [2,3]porphyrin Palladium (PdPh4OMe8TNP)

ʙʝʰʝ ʩʠʥʪʝʟʠʨʘʥ ʚ ʥʘʰʘʪʘ ʛʨʫʧʘ (ʌʠʛʫʨʘ 3.8, 3a). ɽʤʠʪʝʨʠʪʝ, ʦʪ ʌʠʛʫʨʘ 3.8 ʩʘ (1b) - 9,10-

diphenylanthracene (DPA); (2b) - 9,10-Bis(phenylethynyl) anthracene (BPEA); and (3b) -

9,10-Bis(phenylethynyl) naphthacene (BPEN).

ʅʘ ʌʠʛʫʨʘ 3.12 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʫʩʪʘʥʦʚʢʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ

TTA-UC ʧʨʠ ʚʲʟʙʫʞʜʘʥʝ ʩʲʩ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ, ʠʟʛʨʘʜʝʥʘ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ Dobsonian
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ʪʝʣʝʩʢʦʧ (12” Lightbridge, Meade Corp.) ʬʦʢʫʩʠʨʘʱ ʩʣʲʥʮʝʪʦ ʚ ʦʧʪʠʯʝʩʢʦ ʚʣʘʢʥʦ

(Multimode, 1000µm, NA=0.48, Thorlabs Inc.).

ʌʠʛʫʨʘ 3.12: (ʣʷʚʦ) – ʌʦʪʦʛʨʘʬʠʷ ʥʘ ʫʩʪʘʥʦʚʢʘʪʘ ʟʘ ʫʣʘʚʷʥʝ ʥʘ ʉʣʲʥʮʝʪʦ, ʙʘʟʠʨʘʥʘ ʥʘ Dobsonian
ʪʝʣʝʩʢʦʧ. ɺʠʞʜʘ ʩʝ ʠ 12-ʠʥʯʦʚʠʷ ʠʥʪʝʨʬʝʨʝʥʯʝʥ ʬʠʣʪʲʨ; (ʜʷʩʥʦ) – ʌʦʪʦʛʨʘʬʠʷ ʥʘ ʠʟʭʦʜʘ ʥʘ ʚʣʘʢʥʦʪʦ.

ʉ ʮʝʣ ʜʘ ʩʝ ʥʘʤʘʣʠ ʪʝʨʤʠʯʥʠʷʪ ʩʪʨʝʩ ʚʲʨʭʫ ʦʧʪʠʯʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, IR-A ʩʧʝʢʪʲʨʲʪ ʥʘ

ʩʣʲʥʮʝʪʦ (l > 750nm) ʙʝʰʝ ʧʦʜʪʠʩʥʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʛʦʣʷʤ (12”) ʠʥʪʝʨʬʝʨʝʥʯʝʥ ʬʠʣʪʲʨ

(ʩʧʝʮʠʘʣʥʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ AHF Analysentechnik GmbH, Germany). ʅʝʦʙʭʦʜʠʤʘʪʘ

ʮʝʥʪʨʘʣʥʘ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʙʝʰʝ ʩʝʣʝʢʪʠʨʘʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʨʝʥʘʩʪʨʦʡʚʘʝʤ

ʠʥʪʝʨʬʝʨʝʥʯʝʥ ʬʠʣʪʲʨ (Shott AG, Germany) ʥʘ ʠʟʭʦʜʘ ʥʘ ʦʧʪʠʯʥʦʪʦ ʚʣʘʢʥʦ. ʅʘ ʌʠʛʫʨʘ

3.13 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʚʩʷʢʘ ʦʪ up-ʢʦʥʚʝʨʩʠʦʥʥʠʪʝ ʜʚʦʡʢʠ.
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ʌʠʛʫʨʘ 3.13: ʅʦʨʤʠʨʘʥʠ ʩʧʝʢʪʨʠ ʥʘ UC-ʜʚʦʡʢʠ, ʟʘʝʜʥʦ ʩ ʥʦʨʤʠʨʘʥʠʷ ʩʣʲʥʯʝʚ ʩʧʝʢʪʲʨ ʥʘ ʚʲʟʙʫʞʜʘʥʝ,
ʢʘʢʪʦ ʩʣʝʜʚʘ: DPA/PdOEP (a, ʩʠʥʷ ʣʠʥʠʷ) ʠ l = 550nm (a, ʟʝʣʝʥʘ ʣʠʥʠʷ); BPEA/PdTBP (c, ʮʠʘʥʦʚʘ)
ʠ l = 630 nm (c, ʯʝʨʚʝʥʘ) ʠ BPEN/PdPh4OMe8TNP (e, ʦʨʘʥʞʝʚʘ) ʠ  l = 700 nm (e, ʢʘʬʷʚʘ). ʋʩʣʦʚʠʷ: ɿʘ ʚʩʷʢʠ
UC-ʜʚʦʡʢʠ, ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ / ʝʤʠʪʝʨ ʢʦʥʮʝʥʪʨʘʮʠʷ, 1×10-4M / 1×10-3M, ʩʲʦʪʚʝʪʥʦ; ʀʥʪʝʥʟʠʪʝʪ 1 W×cm-2;
ɹʝʟ-ʢʠʩʣʦʨʦʜʥʠ** ʦʙʨʘʟʮʠ, ʧʨʠʛʦʪʚʝʥʠ ʚ ʘʟʦʪʝʥ glove box; ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; CCD-ʬʦʪʦʛʨʘʬʠʠ ʥʘ up-
ʢʦʥʚʝʨʪʠʨʘʥʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ: (b) – ʟʘ ʩʠʩʪʝʤʘʪʘ DPA/PdOEP; (d) – ʟʘ ʩʠʩʪʝʤʘʪʘ BPEA/PdTBP ʠ (f) – ʟʘ
BPEN/PdPh4OMe8TNP. ʋʩʣʦʚʠʷ: ɹʝʟ ʜʦʧʲʣʥʠʪʝʣʥʠ ʙʣʦʢʠʨʘʱʠ ʬʠʣʪʨʠ ʟʘ CCD-ʦʙʨʘʟʠʪʝ; ɼʥʝʚʥʦ
ʦʩʚʝʪʣʝʥʠʝ; ʂʶʚʝʪʘ ʩ ʜʲʣʞʠʥʘ ʦʪ 1cm.

3.5. TTA-UC ʚʲʟʙʫʜʝʥʘ ʩ ʜʲʣʙʦʢʦ-ʯʝʨʚʝʥʘ ʩʚʝʪʣʠʥʘ

ʄʦʪʠʚʘʮʠʷ: ɺ ʪʦʟʠ ʝʢʩʧʨʠʤʝʥʪ ʙʝʰʝ ʧʨʦʤʝʥʷʥ ʮʝʥʪʨʘʣʥʠʷʪ ʤʝʪʘʣʝʥ ʢʘʪʠʡʦʥ, ʩ ʮʝʣ

ʧʦʛʣʲʱʘʥʝʪʦ ʥʘ Q-ʣʠʥʠʷʪʘ ʥʘ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ ʪʝʪʨʘʥʘʬʪʘʣʦ [2,3] ʧʦʨʬʠʨʠʥʠʪʝ

(TNP) ʜʘ ʩʝ ʧʨʝʤʝʩʪʠ ʚ ʜʲʣʙʦʢʦ-ʯʝʨʚʝʥʘʪʘ ʦʙʣʘʩʪ.

ʅʘʬʪʦ-ʧʦʨʬʠʨʠʥʠʪʝ ʦʧʠʩʘʥʠ ʥʘ ʩʪʨʘʥʠʮʠ 88-90 ʩʘ ʩʠʥʪʝʟʠʨʘʥʠ ʚ ʤʦʷʪʘ ʛʨʫʧʘ, ʩʣʝʜʚʘʡʢʠ

ʦʙʱʠʪʝ ʩʠʥʪʝʪʠʯʥʠ ʧʨʦʮʝʜʫʨʠ [132, 133, 105] ʯʨʝʟ ʢʦʥʜʝʥʟʘʮʠʷ ʥʘ 4,9-dihydro-2H-

benzo[f]isoindole ʩ 3,5-dimethoxybenzaldehyde, ʩʣʝʜʚʘʥʘ ʦʪ in situ ʘʨʦʤʘʪʠʟʘʮʠʷ ʩ DDQ.
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ʌʠʛʫʨʘ 3.15: ʅʦʨʤʠʨʘʥʠ ʘʙʩʦʨʙʮʠʦʥʥʠʪʝ ʩʧʝʢʪʨʠ. (a) – PdOMe8TNP = tetrakis-meso-(3,5-dimethoxyphenyl)
tetranaphthalo[2,3] porphyrin Palladium; (b) – PdOMe8OBu8TNP = tetrakis-meso-(3,5-dimethoxyphenyl, 1,6-
dibutoxy) tetranaphthalo[2,3] porphyrin Palladium; (c) – PtOMe8OBu8TNP = tetrakis-meso-(3,5-
dimethoxyphenyl, 1,6-dibutoxy) tetranaphthalo[2,3]porphyrin Platinum; (d) – RuOMe8OBu8TNP = tetrakis-meso-
(3,5-dimethoxyphenyl, 1,6-dibutoxy) tetranaphthalo[2,3]porphyrin Ruthenium; (e) – RhOMe8OBu8TNP =
tetrakis-meso-(3,5-dimethoxyphenyl, 1,6-dibutoxy) tetranaphthalo[2,3]porphyrin Rhodium; (f) –
YbOTfOMe8OBu8TNP = tetrakis-meso-(3,5-dimethoxyphenyl, 1,6-dibutoxy) tetranaphthalo[2,3]porphyrin
Ytterbium(III)triflate;
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3.6. Up-ʢʦʥʚʝʨʩʠʷ ʩ ʫʣʪʨʘ-ʰʠʨʦʢʘ ʣʠʥʠʷ ʥʘ ʚʲʟʙʫʞʜʘʥʝ: ɽʜʥʦʚʨʝʤʝʥʥʦ
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʚʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ

ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘ ʢʦʤʙʠʥʘʮʠʷʪʘ ʥʘ ʜʚʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ,

ʨʘʙʦʪʝʱʠ ʝʬʝʢʪʠʚʥʦ ʩ ʝʜʠʥʠʯʝʥ ʝʤʠʪʝʨ. ɼʦʢʘʟʘʥʘ ʝ ʘʜʠʪʠʚʥʦʩʪʪʘ ʥʘ ʩʠʛʥʘʣʘ ʥʘ

ʘʥʠʭʠʣʘʮʠʦʥʥʘʪʘ up-ʢʦʥʚʝʨʩʠʷ.

ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʜʚʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ – PdTBP (PdTBPET ~ 1.54 eV) ʠ PdTNP (PdTNPET ~ 1.37

eV), ʨʘʙʦʪʝʱʠ ʝʬʝʢʪʠʚʥʦ ʩ ʝʤʠʪʝʨ – ʨʫʙʨʝʥ (EET= 1.12÷1.14 eV, [137]). ʊʲʡ ʢʘʪʦ TTA-

ʧʨʦʮʝʩʲʪ ʩʪʘʨʪʠʨʘ ʦʪ ʪʝʨʤʠʯʥʦ ʨʝʣʘʢʩʠʨʘʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʝʤʠʪʝʨʘ, ʥʠʚʦʪʦ

ʥʘ ʢʦʝʪʦ ʝ ʠʟʚʲʨʰʝʥ ʧʨʦʮʝʩʘ ʥʘ ʊʊʊ ʥʝ ʝ ʦʪ ʟʥʘʯʝʥʠʝ (ʌʠʛʫʨʘ 3.18).

ʌʠʛʫʨʘ 3.18: ɽʥʝʨʛʝʪʠʯʥʘ ʩʭʝʤʘ ʥʘ TTA-UC ʧʨʠ ʫʯʘʩʪʠʝʪʦ ʥʘ ʜʚʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ.
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Rubrene 2x10-3M:

ʌʠʛʫʨʘ 3.21: Up-ʢʦʥʚʝʨʩʠʦʥʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ Rubrene/PdTBP (ʯʝʨʚʝʥʘ ʣʠʥʠʷ) ʠ Rubrene/PdTNP
(ʢʘʬʷʚʘ ʣʠʥʠʷ) ʚ ʪʦʣʫʦʣ, ʧʨʠ ʚʲʟʙʫʞʜʘʥʝ ʩ l = 635 nm ʠ l = 695 nm, ʩʲʦʪʚʝʪʥʦ. Up-ʢʦʥʚʝʨʩʠʦʥʥʘ
ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ Rubrene/PdTBP+PdTNP ʩʲʩ ʩʲʱʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʝʤʠʪʝʨʘ ʠ ʩʲʱʘʪʘ ʪʦʪʘʣʥʘ
ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, ʝʜʥʦʚʨʝʤʝʥʥʦ ʚʲʟʙʫʜʝʥʠ ʩ l=635 nm ʠ l=695 nm (ʦʨʘʥʞʝʚʠ ʢʨʲʛʦʚʝ).

ʅʘ ʌʠʛʫʨʘ 3.21 ʩʘ ʩʨʘʚʥʝʥʠ up-ʢʦʥʚʝʨʩʠʦʥʥʠʪʝ ʩʠʛʥʘʣʠ, ʧʦʣʫʯʝʥʠ ʦʪ ʩʠʩʪʝʤʠʪʝ

Rubrene/PdTBP (ʚʲʟʙʫʜʝʥ ʥʘ l = 635 nm, ʯʝʨʚʝʥʘʪʘ ʣʠʥʠʷ) Rubrene/PdTNP (ʚʲʟʙʫʜʝʥ ʥʘ
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l = 695 nm, ʢʘʬʷʚʘʪʘ ʣʠʥʠʷ). ɺʠʜʥʦ ʝ, ʯʝ up-ʢʦʥʚʝʨʩʠʦʥʥʠʷʪ ʩʠʛʥʘʣ, ʧʦʣʫʯʝʥ ʧʨʠ

ʝʜʥʦʚʨʝʤʝʥʦʪʦ ʚʲʟʙʫʞʜʘʥʝ (l = 635 nm ʠ l = 695 nm) ʝ ʜʦʨʠ ʤʘʣʢʦ ʧʦ-ʛʦʣʷʤ (ʦʢʦʣʦ 15%,

ʧʦʨʘʜʠ ʯʘʩʪʠʯʥʦ ʧʨʠʧʦʢʨʠʚʘʥʝ ʥʘ Q-ʣʠʥʠʠʪʝ) ʦʪ ʩʫʤʘʪʘ ʥʘ ʝʜʠʥʠʯʥʠʪʝ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ

/ ʝʤʠʪʝʨ ʜʚʦʡʢʠ.

ʊʦʟʠ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʪʚʲʨʜʠ ʥʘʰʘʪʘ ʭʠʧʦʪʝʟʘ, ʯʝ ʢʦʤʙʠʥʠʨʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠ, ʝʬʝʢʪʠʚʥʦ ʨʘʙʦʪʝʱʠ ʩ ʝʜʠʥ ʠ ʩʲʱ ʝʤʠʪʝʨ ʠʤʘ ʘʜʠʪʠʚʝʥ ʭʘʨʘʢʪʝʨ.

3.7. ɺ ʪʲʨʩʝʥʝ ʥʘ IR – ʛʨʘʥʠʮʘʪʘ ʟʘ ʚʲʟʙʫʞʜʘʥʝ ʥʘ TTA-UC
ʄʦʪʠʚʘʮʠʷ: ɹʝʰʝ ʩʠʥʪʝʟʠʨʘʥʘ ʩʝʨʠʷ ʦʪ ʧʘʣʘʜʠʟʠʨʘʥʠ ʘʥʪʨʘʧʦʨʬʠʨʠʥʠ ʩ ʮʝʣ ʜʘ ʩʝ

ʠʟʩʣʝʜʚʘ ʠʥʬʨʘʯʝʨʚʝʥʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʥʝʢʦʭʝʨʝʥʪʥʦ ʚʲʟʙʫʜʝʥʝʥʘʪʘ ʬʦʪʦʥʥʘ up-

ʢʦʥʚʝʨʩʠʷ. ʆʩʥʦʚʥʘ ʮʝʣ ʙʝʰʝ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʪʘʢʠʚʘ UC-ʜʚʦʡʢʠ ʤʦʣʝʢʫʣʠ, ʢʦʠʪʦ

ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠʥʬʨʘʯʝʨʚʝʥʘʪʘ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʥʦ

ʬʦʢʫʩʠʨʘʥʝ.

ʅʘ ʌʠʛʫʨʘ 3.30 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʪʨʫʢʪʫʨʠʪʝ ʥʘ ʩʠʥʪʝʥʟʠʨʘʥʠʪʝ ʧʘʣʘʜʠʟʠʨʘʥʠ

ʘʥʪʨʘʧʦʨʬʠʨʠʥʠ. ʉʠʥʪʝʪʠʯʥʘʪʘ ʧʨʦʮʝʜʫʨʘ ʝ ʦʧʠʩʘʥʘ ʥʘ ʩʪʨʘʥʠʮʠ 96 – 102.

ʌʠʛʫʨʘ 3.30: ʉʪʨʫʢʪʫʨʠ ʥʘ ʩʠʥʪʝʥʟʠʨʘʥʠʝ TAP - ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠ.

ʅʦʨʤʠʨʘʥʠʪʝ ʘʙʩʦʨʙʮʠʦʥʥʠ ʩʧʝʢʪʨʠ ʥʘ ʩʝʨʠʷʪʘ ʘʥʪʨʘʧʦʨʬʠʨʠʥʠ (PdTAPs) ʩʘ

ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛʫʨʘ 3.31. ʍʘʨʘʢʪʝʨʥʦ ʟʘ ʪʝʟʠ ʩʲʝʜʠʥʝʥʠʷ ʝ, ʯʝ ʤʦʣʘʨʥʘʪʘ ʝʢʩʪʠʥʢʮʠʷ

ʥʘ Soret-ʣʠʥʠʷʪʘ ʠ Q-ʣʠʥʠʷʪʘ ʩʘ ʩʨʘʚʥʠʤʠ, ʦʩʪʘʚʘʡʢʠ ʜʦʩʪʘʪʲʯʥʦ ʚʠʩʦʢʠ – ʦʪ ʧʦʨʷʜʲʢʘ
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ʥʘ 105. ɼʦʧʲʣʥʠʪʝʣʥʦ, ʩʠʥʪʝʟʠʨʘʥʦʪʦ PdTAP - ʩʝʤʝʡʩʪʚʦ ʜʝʤʦʥʩʪʨʠʨʘ ʤʥʦʛʦ ʜʦʙʨʘ

ʨʘʟʪʚʦʨʠʤʦʩʪ.

ʌʠʛʫʨʘ 3.31: ʅʦʨʤʠʨʘʥʠ ʘʙʩʦʨʙʮʠʦʥʥʠ ʩʧʝʢʪʨʠ (ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ Q-ʣʠʥʠʷʪʘ) ʥʘ TAP-ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠʪʝ.
ʅʦʨʤʠʨʘʥ ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʩʧʝʢʪʲʪ ʥʘ ʝʤʠʪʝʨʘ (ʦʨʘʥʞʝʚʘʪʘ ʣʠʥʠʷ). ʉʣʲʥʯʝʚ ʩʧʝʢʪʲʨ ʧʨʠ AM 1.5 (ʞʲʣʪʘʪʘ
ʣʠʥʠʷ).

ʌʠʛʫʨʘ 3.34:ʌʦʥ ʥʘ ʬʠʛʫʨʘʪʘ -ʬʦʪʦʛʨʘʬʠʷ ʥʘ ʨʘʙʦʪʝʱʦ UC-ʫʩʪʨʦʡʩʪʚʦ, ʧʨʠ ʚʲʟʙʫʞʜʘʥʝ ʩ ʰʠʨʦʢ ʩʧʝʢʪʲʨ
- Dl = 720  840 nm ʠ ʠʥʪʝʥʟʠʚʥʦʩʪ ʦʪ 50 mW×cm-2 ʪ.ʝ. 8 ʧʲʪʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʣʲʥʮʝʪʦ (AM1.5). ʋʩʣʦʚʠʷ:
ɼʥʝʚʥʘ ʩʚʝʪʣʠʥʘ, ʜʠʘʤʝʪʲʨ D = 3 mm; ʆʙʨʘʟʝʮ – ʧʨʠʛʦʪʚʝʥ ʚ glove-box ʩ 1 ppm O2; ʄʦʣʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ
ʥʘ ʩʤʝʩʪʪʘ: 0.6×10-5M PdTAP-1, 0.4×10-5M PdTAP-2, 2.5×10-5 M PdTAP-3 and 0.5×10-5M PdTAP-4;
ʊʦʪʘʣʥʘ ʤʦʣʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ - 4×10-5 M; ʏʝʨʚʝʥʘʪʘ ʢʨʠʚʘ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʢʫʤʫʣʘʪʠʚʥʦʪʦ ʧʦʛʣʲʱʘʥʝ ʥʘ
ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʦʪʦ ʩʝʤʝʡʩʪʚʦ. ɾʲʣʪʘʪa ʢʨʠʚʘ ʝ up-ʢʦʥʚʝʨʪʠʨʘʥʠʷʪ ʩʧʝʢʪʲʨ (rubrene, 8×10-4 M);
ʈʘʟʪʚʦʨʠʪʝʣ - PHD.

ɺʩʝʢʠ ʝʜʠʥ ʦʪ ʯʣʝʥʦʚʝʪʝ ʥʘ PdTAP – ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʦʪʦ ʩʝʤʝʡʩʪʚʦ ʜʝʤʦʥʩʪʨʠʨʘ

ʝʬʝʢʪʠʚʝʥ TTT ʢʲʤ ʪʨʠʧʣʝʪʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʝʤʠʪʝʨʘ (rubrene) ʠ ʧʦʟʚʦʣʷʚʘ

ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ - ʩʤʝʩ ʥʘ PdTAP / rubrene. ʅʘ ʌʠʛʫʨʘ 3.34 ʝ ʧʨʝʜʩʪʘʚʝʥʘ TTA-

UC ʥʘ ʦʧʪʠʤʘʣʥʦ ʧʦʜʙʨʘʥʘ ʩʤʝʩ ʦʪ PdTAPs 1-4 ʚ ʩʲʦʪʥʦʰʝʥʠʝ, ʧʦʢʘʟʘʥʦ ʚ ʧʦʜʬʠʛʫʨʥʠʷ

ʪʝʢʩʪ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʩʣʲʥʯʝʚʠʷʪ ʩʧʝʢʪʲʨ ʚ ʦʙʣʘʩʪʪʘ ʦʪ Dl = 720-

840 nm ʯʨʝʟ TTA-UC ʢʲʤ ʚʠʜʠʤʘʪʘ ʦʙʣʘʩʪ ʩ l max= 560 nm. ʇʨʠ ʢʫʤʫʣʘʪʠʚʝʥ ʠʥʪʝʥʟʠʪʝʪ

ʥʘ ʩʣʘʙʦ ʢʦʥʮʝʥʪʨʠʨʘʥʘʪʘ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ (8 ʧʲʪʠ, 50 mW×cm-2) ʙʝ ʧʦʩʪʠʛʥʘʪ ʢʚʘʥʪʦʚ

ʜʦʙʠʚ (QY) ʥʘ up-ʢʦʥʚʝʨʩʠʷʪʘ ʦʪ 3 %.
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3.8. ʊʨʘʥʩʬʦʨʤʠʨʘʥʝ ʥʘ ʮʝʣʠʷ ʯʝʨʚʝʥ ʩʧʝʢʪʲʨ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʝʤʠʩʠʷ
ʯʨʝʟ ʘʥʠʭʠʣʘʮʠʦʥʥʘ up-ʢʦʥʚʝʨʩʠʷ

ʄʦʪʠʚʘʮʠʷ: ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ ʯʨʝʟ up-ʢʦʥʚʝʨʩʠʷ ʮʝʣʠʷʪ ʜʲʣʙʦʢʦ-ʯʝʨʚʝʥ

ʩʧʝʢʪʲʨ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʝʤʠʩʠʷ ʙʝʟ ʥʠʢʘʢʲʚ ʩʧʝʢʪʨʘʣʝʥ ʧʨʦʚʘʣ, ʟʘʧʘʟʚʘʡʢʠ ʚʩʠʯʢʠ

ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘ TTA-UC ʧʨʦʮʝʩʘ.

ɿʘ ʪʘʟʠ ʮʝʣ ʙʷʭʘ ʩʠʥʪʝʟʠʨʘʥʠ ʩʝʤʝʡʩʪʚʘ ʦʪ ʩʤʝʩʝʥʠ benzo-naphtho- ʠ ʩʝʤʝʡʩʪʚʦ ʦʪ

ʩʤʝʩʝʥʠ naphtho-anthra- ʤʝʪʘʣʠʟʠʨʘʥʠ ʧʦʨʬʠʨʥʠ (ʌʠʛʫʨʘ 3.35), ʢʦʠʪʦ ʟʘʧʲʣʚʘʪ

ʯʝʩʪʦʪʥʠʪʝ ʧʨʦʚʘʣʠ, ʢʘʢʪʦ ʩʣʝʜʚʘ: ʤʝʞʜʫ Dl ~ 650 - 700 nm ʯʨʝʟ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ

ʩʤʝʩʝʥʠʪʝ benzo-naphtho ʧʦʨʬʠʨʠʥʠ ʠ Dl ~ 720 - 760 nm ʯʨʝʟ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ ʩʤʝʩʝʥʠʪʝ

naphtho-anthra ʧʦʨʬʠʨʠʥʠ.
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ʌʠʛʫʨʘ 3.35: ʇʦʛʣʲʱʘʥʝ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠʪʝ,: – PdTBP (ʟʝʣʝʥʘ ʣʠʥʠʷ); – PdTNP (ʚʠʦʣʝʪʦʚʘ ʣʠʥʠʷ); –
PdTAP (ʢʘʬʷʚʘ ʣʠʥʠʷ). ʂʶʚʝʪʘ: 1×10-2 m; ʢʦʥʮʝʥʪʨʘʮʠʷ: 1×10-5 M.

ʌʠʛʫʨʘ 3.41: ɽʢʩʧʝʨʠʤʝʪʘʣʥʘ ʫʩʪʘʥʦʚʢʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ TTA - UC ʢʚʘʥʪʦʚ ʜʦʙʠʚ. ʂʘʪʦ ʬʫʥʢʮʠʷ ʥʘ
ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ, notch – ʬʠʣʪʨʠʪʝ ʩʝ ʧʨʦʤʝʥʷʪ ʩʲʦʪʚʝʪʥʦ. ʇʨʠʙʣʠʟʠʪʝʣʥʦ TEM00 ʤʦʜ ʥʘ
ʣʘʟʝʨʠʨʘʥʝ. ʆʙʨʘʟʮʠʪʝ ʩʘ ʠʟʤʝʨʚʘʥʠ ʚ ʭʦʨʠʟʦʥʪʘʣʥʦ ʧʦʣʦʞʝʥʠʝ.
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ʅʘ ʩʪʨʘʥʠʮʠ 113-116 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ ʝ ʦʧʠʩʘʥʘ ʧʦʜʨʦʙʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʫʩʪʘʥʦʚʢʘ,

ʙʘʟʠʨʘʥʘ ʥʘ quasi-cw ʚʲʟʙʫʞʜʘʱ ʠʟʪʦʯʥʠʢ – ʩʫʧʝʨʢʦʥʪʠʥʠʫʤ ʣʘʟʝʨ (ʌʠʛʫʨʘ 3.41, SC400-

2-PP, Fianium Ltd) ʩ ʠʥʪʝʛʨʘʣʥʘ ʩʨʝʜʥʘ ʤʦʱʥʦʩʪ ʦʪ 2W, 20MHz ʯʝʩʪʦʪʘ ʥʘ ʧʦʚʪʦʨʝʥʠʝ ʠ

ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʠʤʧʫʣʩʘ ʦʪ 5ps. ʊʦʟʠ ʠʟʪʦʯʥʠʢ ʝʤʫʣʠʨʘ ʜʦʙʨʝ ʢʚʘʟʠ-

ʤʦʥʦʭʨʦʤʘʪʠʯʥʘ ʩʚʝʪʣʠʥʘ (ʩ ʧʨʦʠʟʚʦʣʥʘ ʮʝʥʪʨʘʣʥʘ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʠ ʩ ʧʨʦʠʟʚʦʣʥʘ

ʰʠʨʠʥʘ ʥʘ ʩʧʝʢʪʲʨʘ) ʩ ʠʥʪʝʥʟʠʪʝʪ ʩʨʘʚʥʠʤ ʩ 1-100 ʉʣʲʥʮʘ (AM1.5).

ʌʠʛʫʨʘ 3.36: ʉʠʥʪʝʪʠʯʥʘ ʩʭʝʤʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʝʤʝʡʩʪʚʦ ʩʤʝʩʝʥʠ benzo-naphtho ʧʦʨʬʠʨʠʥʠ. ʋʩʣʦʚʠʷ
ʥʘ ʨʝʘʢʮʠʷʪʘ: (a) (i) CH2Cl2, BF3

.Et2O, 1h, 20°C; (i) DDQ, 1h, 20°C; (b) bis(benzonitrile)palla-dium(II)chloride,
NEt3, benzonitrile, reflux, 1h; (c) DDQ, THF, reflux, 20-40 min.
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ʌʠʛʫʨʘ 3.39: ʉʠʥʪʝʪʠʯʥʘ ʩʭʝʤʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʝʤʝʡʩʪʚʦ ʩʤʝʩʝʥʠ naphtho-anthra ʧʦʨʬʠʨʠʥʠ. ʋʩʣʦʚʠʷ
ʥʘ ʨʝʘʢʮʠʷʪʘ: (a) (i) CH2Cl2, BF3

.Et2O, 1h, 20°C; (i) DDQ, 1h, 20°C; (b) bis(benzonitrile)palla-dium(II)chloride,
NEt3, benzonitrile, reflux, 1h; (c) DDQ, THF, reflux, 20-40 min.
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ʌʠʛʫʨʘ 3.40: ʅʦʨʤʠʨʘʥʠ ʘʙʩʦʨʙʮʠʦʥʥʠ ʩʧʝʢʪʨʠ: (a) – ʩʝʤʝʡʩʪʚʦ ʩʤʝʩʝʥʠ benzo-naphtho ʧʦʨʬʠʨʠʥʠ (14)
and (b) – ʩʝʤʝʡʩʪʚʦ ʩʤʝʩʝʥʠ naphtho-anthra ʧʦʨʬʠʨʠʥʠ (27), ʚ ʪʦʣʫʦʣ.



CHAPTER 3: TTA-UC in softmatter matrix with low glass transition temperature

46

ʅʘ ʌʠʛʫʨʘ 3.45 ʝ ʜʝʤʦʥʩʪʨʠʨʘʥ ʘʙʩʦʨʙʮʠʦʥʥʠʷʪ ʩʧʝʢʪʲʨ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʝʥ ʘʥʩʘʤʙʲʣ

ʩʲʩʪʘʚʝʥ ʦʪ benzo-naphtho ʩʝʤʝʡʩʪʚʦʪʦ (14) ʠ naphtho-anthra ʩʝʤʝʡʩʪʚʦʪʦ (27).

ɸʙʩʦʨʙʮʠʷʪʘ ʥʘ ʠʥʪʝʛʨʘʣʥʘʪʘ Q-ʣʠʥʠʷ ʧʨʠʧʦʢʨʠʚʘ ʮʝʣʠʷ ʜʲʣʙʦʢʦ-ʯʝʨʚʝʥ ʩʧʝʢʪʲʨ ʥʘ

ʩʣʲʥʯʝʚʘʪʘ ʝʤʠʩʠʷ. ʐʠʨʠʥʘʪʘ ʥʘ ʩʧʝʢʪʲʨʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ (ʥʘ ʥʠʚʦ FWHM) ʝ Dl ~ 142

nm. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʩʣʲʥʯʝʚʦʪʦ ʠʟʣʲʯʚʘʥʝ ʩ ʧʦʤʦʱʪʘ ʥʘ TTA-UC

ʚʲʚ ʚʠʜʠʤʘʪʘ ʦʙʣʘʩʪ, ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʤʫ ʟʘ ʧʦʩʣʝʜʚʘʱʦ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷʪʘ.

ʌʠʛʫʨʘ 3.45: ʄʦʣʘʨʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʝʢʩʪʠʥʢʮʠʷ ʥʘ ʘʥʩʘʤʙʲʣʘ ʦʪ ʩʤʝʩʝʥʠ ʧʦʨʬʠʨʠʥʠ (14) ʠ (27) ʚ
ʤʦʣʘʨʥʦ ʦʪʥʦʰʝʥʠʝ ʦʪ 1:2, ʠ ʪʦʪʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪ 1×10-5M (ʚʠʦʣʝʪʦʚʘʪʘ ʣʠʥʠʷ); ʉʧʝʢʪʲʨ ʥʘ ʉʣʲʥʮʝʪʦ
(ʨʦʟʦʚʘʪʘ ʣʠʥʠʷ), AM 1.5; ʌʣʫʦʨʝʩʮʝʥʪʝʥ ʩʧʝʢʪʲʨ ʥʘ ʝʤʠʪʝʨʘ – rubrene (ʦʨʘʥʞʝʚʘʪʘ ʣʠʥʠʷ); ɿʘ ʧʦ-ʜʦʙʨʘ
ʚʠʜʠʤʦʩʪ, ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʝʤʠʪʝʨʘ ʝ ʥʦʨʤʠʨʘʥʘ ʩʧʨʷʤʦ Q-ʣʠʥʠʷʪʘ ʥʘ ʘʙʩʦʨʙʮʠʷ ʥʘ
ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʷ ʘʥʩʘʤʙʲʣ. ʋʩʣʦʚʠʷ: ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ʈʘʟʪʚʦʨʠʪʝʣ – ʩʫʭ ʭʝʢʩʘʜʝʢʘʥ.

ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʜʦʨʠ ʧʨʠ 1 ʉʣʲʥʮʝ (AM1.5, ʠʥʪʝʛʨʘʣʥʘʪʘ ʠʥʪʝʥʟʠʚʥʦʩʪ,

ʧʦʣʫʯʝʥʘ ʦʪ Q-ʣʠʥʠʷʪʘ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʷ ʘʥʩʘʤʙʲʣ ʩʝ ʦʮʝʥʷʚʘ ʥʘ 9.5 mW×cm-2) UC-

ʢʚʘʥʪʦʚʠʷʪ ʜʦʙʠʚ ʝ ʥʘ ʥʠʚʦʪʦ ʥʘ 0.017. ɿʘ ʰʠʨʦʢ ʜʠʘʧʘʟʦʥ ʦʪ ʥʠʚʘ ʥʘ ʬʦʢʫʩʠʨʘʥʝ ʥʘ

ʩʣʲʥʯʝʚʘʪʘ ʩʚʝʪʣʠʥʘ (ʦʪ 0.2 ʉʣʲʥʮʘ ʜʦ 20 ʉʣʲʥʮʘ), ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ TTA – UC ʢʚʘʥʪʦʚ

ʜʦʙʠʚ ʩʝ ʠʥʪʝʨʧʦʣʠʨʘ ʜʦʙʨʝ ʩʲʩ ʩʪʝʧʝʥʥʘ ʬʫʥʢʮʠʷ ʦʪ ʚʠʜʘ b
EXCUC IYQ ~.. , ʢʲʜʝʪʦ b = 1.3.

ʊʦʟʠ ʝʢʩʪʨʝʤʘʣʥʦ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʨʝʰʘʚʘ ʝʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ

ʧʨʦʙʣʝʤʠ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ – ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ

ʬʦʢʫʩʠʨʘʥʝ. ʉʣʲʥʯʝʚʠ ʢʦʥʮʝʥʪʨʘʪʦʨʠ, ʙʘʟʠʨʘʥʠ ʥʘ ʌʨʝʥʝʣʦʚʠ ʣʝʱʠ [148] ʠʣʠ 2D

ʧʦʣʠʤʝʨʥʠ ʤʘʪʨʠʮʠ ʦʪ ʤʠʢʨʦ-ʣʝʱʠ ʤʦʛʘʪ ʜʘ ʧʦʩʪʠʛʥʘʪ ʥʝʦʙʭʦʜʠʤʦʪʦ ʢʦʥʮʝʥʪʨʠʨʘʥʝ.

ɼʦʨʠ ʩʣʘʙʦʪʦ ʬʦʢʫʩʠʨʘʥʝ (ʧʦ-ʤʘʣʢʦ ʦʪ 10 ʧʲʪʠ) ʦʪ Fresnel-Köhler ʧʣʦʩʢʠ ʣʝʱʠ [150],

ʘʩʬʝʨʠʯʥʠ ʣʝʱʠ ʚʲʨʭʫ ʧʣʦʩʢʠ ʧʦʣʠʤʝʨʥʠ ʩʫʙʩʪʨʘʪʠ [149], ʣʝʱʠ, ʧʦʣʫʯʝʥʠ ʯʨʝʟ ink-jet

ʧʝʯʘʪ [151] ʠʣʠ ʣʝʱʠ, ʧʦʣʫʯʝʥʠ ʦʪ ʪʝʯʥʠ ʢʨʠʩʪʘʣʠ [152, 153] ʧʦʟʚʦʣʷʚʘʪ ʝʬʝʢʪʠʚʥʦ

ʪʨʘʥʬʦʨʤʠʨʘʥʝ ʥʘ ʜʲʣʙʦʢʦ-ʯʝʨʚʝʥʘʪʘ ʯʘʩʪ ʥʘ ʩʧʝʢʪʲʨʘ ʥʘ ʉʣʲʥʮʝʪʦ ʯʨʝʟ TTA – UC ʢʲʤ

ʚʠʜʠʤʠʷ ʩʧʝʢʪʲʨ.
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ɻʃɸɺɸ 4

ʆʧʪʠʤʠʟʘʮʠʷ ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA-UC

ʯʨʝʟ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʤʦʣʝʢʫʣʥʠʪʝ ʩʪʨʫʢʪʫʨʠ

4.1. ʀʟʧʦʣʟʚʘʥʝ (harvesting) ʥʘ ʦʧʪʠʯʝʩʢʠ ʩʲʟʜʘʜʝʥʠʪʝ ʪʨʠʧʣʝʪʥʠ

ʘʥʩʘʤʙʣʠ ʯʨʝʟ ʘʥʥʠʭʠʣʘʮʠʦʥʥʘ up-ʢʦʥʚʝʨʩʠʷ

ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ

ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʥʘ ʧʨʦʮʝʩʘ ʥʘ „triplet harvesting” – ʪ.ʝ. ʧʨʠ ʚʟʘʠʤʥʦ ʝʥʝʨʛʝʪʠʯʥʦ

ʦʧʪʠʤʠʟʠʨʘʥ (conjoined) ʧʨʦʮʝʩ ʥʘ TTA-UC, ʦʙʱʠʷʪ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʟʘʢʲʩʥʷʣʘʪʘ

ʬʣʫʦʨʝʩʮʝʥʮʠʷ + ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʷʤ ʦʪ

ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʨʘʟʪʚʦʨ ʥʘ ʯʠʩʪ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ, ʧʨʠ ʘʥʘʣʦʛʠʯʥʠ ʜʨʫʛʠ ʫʩʣʦʚʠʷ.
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ʌʠʛʫʨʘ 4.1: (a) – ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʣʫʤʠʥʝʩʮʝʥʪʥʠʷʪ ʩʧʝʢʪʲʨ ʥʘ ʨʘʟʪʚʦʨ ʥʘ PdTBP / BPEA ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ
ʥʘ ʝʤʠʪʝʨʘ, ʧʨʠ ʢʦʥʩʪʘʥʪʥʠ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ (1W×cm-2, l = 635 nm) ʠ ʢoʮʝʥʪʨʘʮʠʷ ʥʘ
ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (1×10-4M PdTBP); (b) – ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʠʥʪʝʛʨʘʣʥʠʪʝ ʦʩʪʘʪʲʯʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ (ʯʝʨʚʝʥʠ
ʢʨʲʛʦʚʝ) ʠ ʟʘʢʲʩʥʷʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (ʩʠʥʠ ʢʨʲʛʦʚʝ), ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʝʤʠʪʝʨʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ; (c) –
ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʟʘʢʲʩʥʷʣʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʦʪ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ (ʩʠʥʠ ʣʠʥʠʠ), ʟʘ UC-ʜʚʦʡʢʘ
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PdTBP / BPEA (1×10-4M / 5×10-3M); ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʦʪ ʠʥʪʝʥʟʠʪʝʪʘ
ʥʘ ʚʲʟʙʫʞʜʘʥʝ (ʯʝʨʚʝʥʠ ʣʠʥʠʠ) ʟʘ ʨʘʟʪʚʦʨ, ʩʲʜʲʨʞʘʱ ʩʘʤʦ PdTBP - 1×10-4M; (d) – ɿʘʚʠʩʠʤʦʩʪ ʥʘ
ʠʥʪʝʛʨʘʣʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ (ʯʠʩʪ ʨʘʟʪʚʦʨ) ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (ʯʝʨʚʝʥʠ ʢʨʲʛʦʚʝ) ʠ ʝʤʠʪʝʨʥʘʪʘ
ʟʘʢʲʩʥʷʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (ʩʠʥʠ ʢʨʲʛʦʚʝ) ʦʪ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ. ʋʩʣʦʚʠʷ: ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ;
ʆʙʨʘʟʮʠ – ʧʨʠʛʦʪʚʝʥʠ ʚ ʘʟʦʪʝʥ glove box; ɼʝʙʝʣʠʥʘ ʥʘ ʦʙʨʘʟʝʮʘ t = 400µm;

ʅʘ ʌʠʛʫʨʘ 4.1 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʜʠʨʝʢʪʥʦʪʦ ʢʦʣʠʯʝʩʪʚʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʘ ʝʤʠʩʠʦʥʥʠʪʝ

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ PdTBP / BPEA ʠ ʯʠʩʪ ʨʘʟʪʚʦʨ ʥʘ PdTBP, ʧʨʠ ʠʜʝʥʪʠʯʥʠ ʜʨʫʛʠ

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʘʨʘʤʝʪʨʠ. ʊʫʢ ʝ ʜʝʤʦʥʩʪʨʠʨʘʥʦ ʨʷʜʢʦ ʷʚʣʝʥʠʝ – ʧʦʩʨʝʜʩʪʚʦʤ

ʝʤʠʩʠʷʪʘ ʥʘ ʢʲʩʦʚʲʣʥʦʚʠ ʬʦʪʦʥʠ (ʩʣʝʜʩʪʚʠʝ ʥʘ TTA-UC) ʝ ʫʚʝʣʠʯʝʥ ʪʦʪʘʣʥʠʷʪ

ʝʤʠʩʠʦʥʝʥ ʧʦʪʦʢ, ʧʨʦʠʟʪʠʯʘʱ ʦʪ ʚʲʟʙʫʜʝʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ

– ʪ.ʝ. ʧʦʜʪʠʩʥʘʪ ʝ ʥʝ-ʝʤʠʩʠʚʥʠʷʪ ʨʝʣʘʢʩʘʮʠʦʥʝʥ ʢʘʥʘʣ.

ʇʦ-ʥʘʪʘʪʲʢ, ʧʦʜʦʙʥʦ ʧʦʚʝʜʝʥʠʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʟʘ ʩʪʨʫʢʪʫʨʥʦ-ʠʟʤʝʥʝʥʠʪʝ

ʝʤʠʪʝʨʥʠ ʤʦʣʝʢʫʣʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛʫʨʘ 4.2. ɺ ʪʦʟʠ ʝʢʩʧʝʨʠʤʝʥʪ, ʩʘ ʩʨʘʚʥʝʥʠ TTA-

UC ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʠʩʪʝʤʠ, ʠʟʛʨʘʜʝʥʠ ʦʪ ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʚ ʥʘʰʘʪʘ ʣʘʙʦʨʘʪʦʨʠʷ ʝʤʠʪʝʨʠ

ʠ ʝʜʠʥ ʠ ʩʲʱ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ. ɽʤʠʪʝʨʠʪʝ ʩʘ ʩʠʥʪʝʟʥʠʨʘʥʠ ʩʣʝʜʚʘʡʢʠ ʧʨʦʮʝʜʫʨʘʪʘ

ʦʧʠʩʘʥʘ ʚ [154], ʢʘʢʪʦ ʩʣʝʜʚʘ, (i) 1,4- bis(tetracen-5-yl)benzene (ʌʠʛʫʨʘ 4.2e, PBT); (ii) 1,3-

bis(tetracen-5-yl)benzene (ʌʠʛʫʨʘ 4.2c, ABPBT) and (iii) 4,4’-bis(5-tetracenyl)-1,1’-

biphenylene (ʌʠʛʫʨʘ 4.2d, BPBT).

N N

N N

Pd

a b c

d e

ʌʠʛʫʨʘ 4.2: ʉʪʨʫʢʪʫʨʠ ʥʘ ʙʝʥʟʝʥ-ʩʚʲʨʟʘʥʠ ʝʤʠʪʝʨʠ, ʢʘʢʪʦ ʩʣʝʜʚʘ: (b) – tetracene; (c) – 1,3-bis(tetracen-5-
yl)benzene (ABPBT); (d) – 4,4’-bis(5-tetracenyl)-1,1’-biphenylene (BPBT); (e) – 1,4-bis(tetracen-5-yl)benzene
(PBT).

ʅʘ ʬʠʛʫʨʘ 4.3 ʩʘ ʩʨʘʚʥʝʥʠ ʣʫʤʠʥʝʩʮʝʥʪʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ ʨʘʟʪʚʦʨʠ, ʩʲʜʲʨʞʘʱʠ UC –

ʜʚʦʡʢʠʪʝ, ʢʘʢʪʦ ʩʣʝʜʚʘ, PBT /PdTBP (4.3a); APBT /PdTBP (4.3c) and BPBT /PdTBP (4.3d)

ʟʘ ʨʘʟʣʠʯʥʠ ʠʥʪʝʥʟʠʪʝʪʠ ʥʘ ʚʲʟʙʫʞʜʘʥʝ. ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʌʠʛʫʨʘ 4.3f, triplet harvesting

ʩʲʱʝʩʪʚʫʚʘ ʟʘ 3 ʦʪ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʩʠʩʪʝʤʠ.



      CHAPTER 4: Optimization of the TTA-UC via molecular structure modification

49

500 600 700 800 900

0,0

8,0x106

1,6x107

Wavelength, nm

 PBT,
 635nm cw excitationLu

m
in

es
ce

nc
e,

 c
ps

a

60 mWcm-2

600 mWcm-2

500 600 700 800 900

0.0

8.0x105

1.6x106b

Wavelength, nm

Lu
m

in
es

ce
nc

e,
 c

ps

 T,
 635nm cw excitation

60 mWcm-2

600 mWcm-2

500 600 700 800 900
0,0

8,0x106

1,6x107

Wavelength, nm

c

Lu
m

in
es

ce
nc

e,
 c

ps

 APBT,
 635nm cw excitation

60 mWcm-2

600 mWcm-2

500 600 700 800 900
0.0

8.0x106

1.6x107d

Wavelength, nm

 BPBT,
 635nm cw excitation

Lu
m

in
es

ce
nc

e,
 c

ps

60 mWcm-2

600 mWcm-2

400 500 600 700 800 900

0

4x106

8x106

e

P
ho

sp
ho

re
sc

en
ce

, c
ps

Wavelength, nm

 PdTBP 10-4M
635nm cw excit.

60 mWcm-2

600 mWcm-2

0 100 200 300 400 500 600

0

2x108

4x108

6x108

Excitation intensity, mWcm-2

 Bis-Tetracene
 Bis-Tetracene-Dibenzene
 Asymetric-Bis-Tetrecene
 Tetracene
 reference PdTBP

In
te

gr
al

 e
m

is
si

on
, a

.u
.

f

ʌʠʛʫʨʘ 4.3: (a) / (b) / (c) / (d) – ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʣʫʤʠʥʝʩʮʝʥʪʥʠʷ ʩʧʝʢʪʲʨ ʥʘ ʨʘʟʪʚʦʨʠ, ʩʲʜʲʨʞʘʱʠ PdTBP
(ʧʨʠ ʥʝʠʟʤʝʥʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 1×10-4M) ʠ ʝʤʠʪʝʨʠ, ʩ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʘʢʪʦ ʩʣʝʜʚʘ: 1×10-3M (PBT) / 2×10-3M
(T) / 1×10-3M (APBT) / 1×10-3M (BPBT) ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ (ʧʦʢʘʟʘʥ ʥʘ ʬʠʛʫʨʠʪʝ). (e) –
ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʯʠʩʪ ʨʘʟʪʚʦʨ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, 1×10-4M ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ
ʠʥʪʝʥʟʠʪʝʪʘ. (f) – ʉʨʘʚʥʝʥʠʝ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ UC-ʩʠʩʪʝʤʠ ʦʪ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ,
ʧʦʢʘʟʘʥ ʥʘ ʬʠʛʫʨʘʪʘ. ʋʩʣʦʚʠʷ: ʉʪʘʡʥʘ ʪʝʤʝʧʨʘʪʫʨʘ; ʆʙʨʘʟʮʠ – ʦʪ ʘʟʦʪʝʥ glove box; ɼʝʙʝʣʠʥʘ ʥʘ ʦʙʨʘʟʝʮʘ
t = 1000µm; ɺʲʟʙʫʞʜʘʥʝ, l = 635 nm.

ʉʲʱʝʚʨʝʤʝʥʥʦ, ʩ ʝʜʠʥ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʝʤʠʪʝʨʠ – BPBT ʫʩʧʷʭʤʝ ʜʘ ʧʦʣʫʯʠʤ TTA-UC ʩ

ʨʝʢʦʨʜʥʦ ʛʦʣʷʤʦ ʭʠʧʩʦʭʨʦʤʥʦ ʦʪʤʝʩʪʚʘʥʝ, ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ DE ~ 0.7eV. ʅʘ ʌʠʛʫʨʘ 4.7 ʩʘ

ʧʦʢʘʟʘʥʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ PdPh4OMe8TNP / BPBT UC-ʜʚʦʡʢʘʪʘ.
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ʌʠʛʫʨʘ 4.7: ʉʪʨʫʢʪʫʨʠ ʥʘ (a) ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, tetrakis-meso-(3,5-dimethoxyphenyl)tetranaphthalo[2,3]
porphyrin (PdPh4MeO8TNP, X=OMe) ʠ (b) ʝʤʠʪʝʨʘ, 4,4’-bis(5-tetracenyl)-1,1’-biphenylene (BPBT); (c) –
ɸʙʩʦʨʙʮʠʦʥʥʠ ʩʧʝʢʪʨʠ ʥʘ BPPT (ʩʠʥʷ ʣʠʥʠʷ, 1×10-5M) ʠ BPBT (ʢʘʬʷʚʘ ʣʠʥʠʷ, 1×10-5M), ʚ ʪʦʣʫʦʣ.

ʅʘ ʌʠʛʫʨʘ 4.8a ʝ ʜʝʤʦʥʩʪʨʠʨʘʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʨʘʟʪʚʦʨ, ʩʲʜʲʨʞʘʱ ʩʘʤʦ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (ʢʘʬʷʚʘʪʘ ʣʠʥʠʷ) ʚ ʩʨʘʚʥʝʥʠʝ ʩ up-ʢʦʥʚʝʨʪʠʨʘʥʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ

ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ UC-ʜʚʦʡʢʘ (ʟʝʣʝʥʘʪʘ ʣʠʥʠʷ). ʆʪʥʦʚʦ ʩʝ ʥʘʙʣʶʜʘʚʘ triplet harvesting ʢʘʪʦ

ʚ ʪʦʟʠ ʩʣʫʯʘʡ UC-ʝʤʠʩʠʷʪʘ ʝ ʧʦ-ʠʥʪʝʥʟʠʚʥʘ ʦʪ ʥʝ-ʧʝʨʪʫʨʙʠʨʘʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʩ

ʧʦʚʝʯʝ ʦʪ 10 ʧʲʪʠ.
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ʌʠʛʫʨʘ 4.8: (a) – ʉʨʘʚʥʝʥʠʝ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ 2.5×10-5M PdPh4OMe8TNP (ʢʘʬʷʚʘ ʣʠʥʠʷ) ʠ ʥʘ
ʟʘʢʲʩʥʷʣʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ 2.5×10-5M PdPh4OMe8TNP / 5×10-4M BPBT (ʟʝʣʝʥʘ ʣʠʥʠʷ) ʟʘ ʨʘʟʣʠʯʥʠ
ʠʥʪʝʥʟʠʪʝʪʠ ʥʘ ʚʲʟʙʫʞʜʘʥʝ; (b) ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʠʥʪʝʛʨʘʣʥʠ ʠʥʪʝʥʟʠʪʝʪʠ.
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ʌʠʛʫʨʘ 4.8: ʅʦʨʤʠʨʘʥ ʩʣʲʥʯʝʚ ʩʧʝʢʪʲʨ - ʚʲʟʙʫʞʜʘʥʝ (ʪʲʤʥʦ ʯʝʨʚʝʥʘʪʘ ʣʠʥʠʷ); ʅʦʨʤʠʨʘʥʘ up-
ʢʦʥʚʝʨʪʠʨʘʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ BPBT (ʟʝʣʝʥʘʪʘ ʣʠʥʠʷ). ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʚ ʪʦʣʫʦʣ, ʠʥʪʝʥʟʠʪʝʪ ʥʘ
ʚʲʟʙʫʞʜʘʥʝ 1 W×cm-2. ʀʥʩʝʪ: CCD-ʬʦʪʦʛʨʘʬʠʷ ʥʘ up-ʢʦʥʚʝʨʪʠʨʘʥʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ 1 cm ʢʶʚʝʪʘ,
ʚʲʟʙʫʜʝʥʘ ʩ ʧʦʢʘʟʘʥʠʷ ʩʣʲʥʯʝʚ ʩʧʝʢʪʲʨ, ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʥʠ ʦʧʪʠʯʥʠ ʬʠʣʪʨʠ, ʜʥʝʚʥʦ ʦʩʚʝʪʣʝʥʠʝ.
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4.2. ʆʧʪʠʤʠʟʘʮʠʷ ʥʘ ʘʥʠʭʠʣʘʮʠʦʥʥʘʪʘ up-ʢʦʥʚʝʨʩʠʷ ʯʨʝʟ ʩʢʘʥʠʨʘʥʝ
ʥʘ ʪʨʠʧʣʝʪʥʦʪʦ ʥʠʚʦ ʥʘ ʝʤʠʪʝʨʥʠʪʝ ʤʦʣʝʢʫʣʠ

ʇʨʦʮʝʩʲʪ ʥʘ TTA – UC ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʦʨʝʜʠʮʘ ʦʪ ʚʟʘʠʤʥʦʩʚʲʨʟʘʥʠ ʧʨʦʮʝʩʠ, ʟʘʪʦʚʘ,

ʥʘʧʨʠʤʝʨ, ʦʧʪʠʤʠʨʘʥʝʪʦ ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA ʠ ʩʲʱʝʚʨʝʤʝʥʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʊʊʊ (ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʦʚʘ ʜʚʦʡʢʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ/ʝʤʠʪʝʨ) ɦ ʝ ʨʝʬʣʝʢʪʠʨʘ ʚ ʩʣʘʙʦ ʠʟʨʘʟʝʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ

TTA – UC. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʧʨʦʮʝʜʫʨʘ ʟʘ ʥʝʟʘʚʠʩʦʤʦ ʦʧʪʠʤʠʨʘʥʝ ʥʘ

ʧʨʦʮʝʩʠʪʝ ʥʘ ʊʊɸ ʠ ʊʊʊ.

4.2.1 ɼʠʨʝʢʪʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʝʥʝʨʛʝʪʠʯʥʘʪʘ ʧʦʟʠʮʠʷ ʥʘ ʝʤʠʪʝʨʥʦʪʦ ʪʨʠʧʣʝʪʥʦ
ʩʲʩʪʦʷʥʠʝ

ʄʦʪʠʚʘʮʠʷ: ʅʘ ʩʪʨʘʥʠʮʠ 130 – 135 ʝ ʦʧʠʩʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʜʠʨʝʢʪʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ

ʝʤʠʪʝʨʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ. ɿʘ ʩʲʞʘʣʝʥʠʝ, ʝʤʠʪʝʨʥʠʪʝ ʤʦʣʝʢʫʣʠ ʠʤʘʪ ʛʦʣʷʤʦ

ʩʝʯʝʥʠʝ ʟʘ TPA, ʢʦʝʪʦ ʥʝ ʧʦʟʚʦʣʷʚʘ ʥʘʙʣʶʜʘʚʘʥʝʪʦ ʥʘ ʟʘʢʲʩʥʷʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʧʨʠ

ʜʠʨʝʢʪʥʦ ʥʘʧʦʤʚʘʥʝ ʩ IR-ʣʘʟʝʨ.

4.2.2. ʀʥʜʠʨʝʢʪʥʘ ʦʮʝʥʢʘ ʥʘ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʝʥʝʨʛʝʪʠʯʥʘʪʘ ʧʦʟʠʮʠʷ ʥʘ ʝʤʠʪʝʨʥʦʪʦ
ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ

ʄʦʪʠʚʘʮʠʷ: ʂʘʪʦ ʢʨʠʪʝʨʠʡ ʟʘ ʘʢʪʠʚʥʘ ʜʝʧʦʧʫʣʘʮʠʷ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʦʪʦ

ʪʨʠʧʣʝʪʥʦ ʥʠʚʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʩʘ ʥʘ ʪʨʠʧʣʝʪ-ʪʨʠʧʣʝʪ ʪʨʘʥʩʬʝʨ (TTT) ʙʷʭʘ

ʠʟʧʦʣʟʚʘʥʠ ʜʠʥʘʤʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ. ʅʘ ʩʪʨʘʥʠʮʠ 136-140 ʩʘ ʦʧʠʩʘʥʠ ʧʨʦʚʝʜʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ.

4.3. ʉʠʥʝʨʛʝʪʠʯʝʥ ʝʬʝʢʪ ʧʨʠ TTA-Uʉ: ʀʢʣʶʯʠʪʝʣʥʦ ʝʬʝʢʪʠʚʥʠ ʭʝʪʝʨʦ-
ʭʨʦʤʦʬʦʨʥʠ ʝʤʠʪʝʨʠ

ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘ ʩʲʟʜʘʜʝʥʘʪʘ ʩʠʥʪʝʪʠʯʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ

ʥʝʟʘʚʠʩʠʤʦ ʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʪʨʠʧʣʝʪ-ʪʨʠʧʣʝʪ ʪʘʥʩʬʝʨ

(ʊʊʊ) ʠ ʪʨʠʧʣʝʪ-ʪʨʠʧʣʝʪ ʘʥʠʭʠʣʘʮʠʷ (ʊʊɸ) ʯʨʝʟ ʘʩʠʤʝʪʨʠʯʥʘ ʝʤʠʪʝʨʥʘ ʜʠʘʜʘ.

ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ TTT ʝ ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ [N39, N42] ʦʪ ʩʪʝʧʝʥʪʘ ʥʘ ʧʨʠʧʦʢʨʠʚʘʥʝ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʷ ʠ ʝʤʠʪʝʨʝʥ ʪʨʠʧʣʝʪʠ.
triplet
emitter

triplet
sensitizer EEE =D+                                                   (4.3)
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ʉʲʦʪʚʝʪʥʦ, ʘʢʦ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʥʠʚʦ ʩʝ ʥʫʞʜʘʝ ʦʪ ʪʝʨʤʠʯʥʘ ʝʥʝʨʛʠʷ ʟʘ

ʜʘ ʜʦʩʪʠʛʥʝ ʝʤʠʪʝʨʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʥʠʚʦ, ʝʬʝʢʪʠʚʥʦʩʪʘʘ ʥʘ ʊʊʊ ʝ ʨʝʜʫʮʠʨʘʥʘ ʟʥʘʯʠʪʝʣʥʦ,

ʩʣʝʜʦʚʘʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʝ ʠʟʧʲʣʥʝʥʦ 0¢DE .

ɺ ʜʚʫ-ʢʦʤʧʦʥʝʥʪʥʘ ʤʦʣʝʢʫʣʥʘ ʩʠʩʪʝʤʘ, ʧʨʦʮʝʩʲʪ ʥʘ TTA ʩʝ ʠʟʚʲʨʰʚʘ ʧʨʝʜʠʤʥʦ

ʤʝʞʜʫ ʠʜʝʥʪʠʯʥʠ ʤʦʣʝʢʫʣʠ:
glet

emitter
triplet
emitter EEE sin2 =D+³                                                    (4.4)

ʆʪʥʦʚʦ, ʘʢʦ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʨʘʚʝʥʩʪʚʦ (4.3) ʠʟʠʩʢʚʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʝʨʤʠʯʥʘ ʝʥʝʨʛʠʷ,

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ TTA-ʧʨʦʮʝʩ ʝ ʤʘʣʢʘ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʝ ʠʟʧʲʣʥʝʥʦ 0¢DE .

ɺ ʧʨʝʜʩʪʘʚʝʥʘʪʘ ʚ ʪʘʟʠ ʛʣʘʚʘ UC-ʩʠʩʪʝʤʘ, ʩʲʱʝʩʪʚʫʚʘʪ ʜʚʘ ʪʠʧʘ ʝʤʠʪʝʨʥʠ

ʤʦʣʝʢʫʣʠ, ʩ ʨʘʚʥʠ ʤʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɿʘʪʦʚʘ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʚʲʟʙʫʜʝʥʠ

ʝʤʠʪʝʨʥʠ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʝ ʪʨʷʙʚʘ ʜʘ ʩʘ ʩʨʘʚʥʠʤʠ. ʅʝʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘʪ

ʢʘʢʪʦ homo-ʊʊɸ ʪʘʢʘ ʠ hetero-ʊʊɸ:

2,1i,hS2SSTT i
0

iE
*

iE
0

iE
TTA*

iE
*

iE =+­+½½­½+ n                         (4.5)

ʂʲʜʝʪʦ 2,1, 0** =iforSandST iEiEiE  ʩʘ ʚʲʟʙʫʜʝʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ, ʚʲʟʙʫʜʝʥʦʪʦ

ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ ʠ ʦʩʥʦʚʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʝʤʠʪʝʨʥʠʪʝ ʤʦʣʝʢʫʣʠ, ʩʲʦʪʚʝʪʥʦ.

ʅʘʧʨʠʤʝʨ, ʘʢʦ singlet
2

singlet
1 EE EE > , ʪʦ ʝʤʠʪʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ ʩ ʧʦ-ʥʠʩʢʦ ʣʝʞʘʱʦʪʦ ʩʠʥʛʣʝʪʥʦ

ʥʠʚʦ ʱʝ ʙʲʜʝ ʧʨʝʬʝʨʝʥʮʠʘʣʥʦ ʟʘʩʝʣʚʘʥʘ ʯʨʝʟ ʧʨʦʮʝʩʘ ʥʘ TTA:

Ὕᶻ + Ὕᶻ ự Ὓ + Ὓᶻ Ὓ + Ὓ + Ὤ’ ................................(4.6)

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʨʘʚʝʥʩʪʚʦ (4.4) ʩʝ ʤʦʜʠʬʠʮʠʨʘ:
singlet

2
singlet

121 EE
triplet
E

triplet
E EorEEE ²+                                   (4.7)

ʉʣʝʜʚʘʡʢʠ ʠʜʝʷʪʘ ʟʘ through-bond ʝʥʝʨʛʠʝʥ ʪʨʘʥʩʬʝʨ [163, 164] ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ

ʜʠʘʜʘ, ʠʟʛʨʘʜʝʥʘ ʦʪ ʜʚʝʪʝ ʝʤʠʪʝʨʥʠ ʤʦʣʝʢʫʣʠ ʱʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʦʪ ʧʦ-ʥʠʩʢʦ ʣʝʞʘʱʦʪʦ

ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ. ʆʙʦʙʱʘʚʘʡʢʠ, ʚ ʤʥʦʛʦ-ʢʦʤʧʦʥʝʥʪʥʘ ʤʦʣʝʢʫʣʥʘ ʩʠʩʪʝʤʘ,

ʧʨʦʮʝʩʲʪ ʥʘ TTT ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʧʠʰʝ ʥʘ ʝʤʠʪʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ ʩ ʧʦ-ʥʠʩʢʦ ʣʝʞʘʱʦʪʦ

ʪʨʠʧʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ, ʜʦʢʘʪʦ ʧʨʦʮʝʩʲʪ ʥʘ TTA ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʦʪ

ʝʤʠʪʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ ʩ ʧʦ-ʥʠʩʢʦ ʣʝʞʘʱʦʪʦ ʧʲʨʚʦ ʚʲʟʙʫʜʝʥʦ ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ.

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘ ʤʦʣʝʢʫʣʥʘ ʩʠʩʪʝʤʘ ʠʥʪʝʛʨʘʣʘʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ

TTA-UC ʧʨʦʮʝʩʘ ʩʝ ʤʦʜʠʬʠʮʠʨʘ:
221 E

F
E
TTA

E
TTTISCUCTTA hhhhh ³**=-                                           (4.8)
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ʂʲʜʝʪʦ 2E
Fh  ʝ ʬʣʫʦʨʝʩʮʝʥʪʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ UC-ʝʤʠʪʝʨʘ ʟʘ ʜʘʜʝʥʠʪʝ ʫʩʣʦʚʠʷ.

ʂʨʠʪʠʯʥʦ ʚʘʞʥʦ ʝ, ʯʝ ʠ ʜʚʘʪʘ ʧʨʦʮʝʩʘ – TTT ʠ TTA ʱʝ ʩʝ ʠʟʚʲʨʰʚʘʪ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ

ʦʪ ʧʨʠʚʣʠʯʘʥʝ ʥʘ ʪʝʨʤʠʯʥʘ ʝʥʝʨʛʠʷ.

ɺ ʪʘʟʠ ʛʣʘʚʘ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘ ʟʘ ʧʲʨʚʠ ʧʲʪ [G5] ʩʠʥʝʨʪʝʪʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ

ʜʚʘ ʝʤʠʪʝʨʘ ʨʘʙʦʪʝʱʠ ʝʬʝʢʪʠʚʥʦ ʩ ʝʜʠʥʠʯʝʥ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ.

ʌʠʛʫʨʘ 4.26: ʉʪʨʫʢʪʫʨʠ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ: (b) – meso-Tetraphenyl-tetrabenzoporphyrin Palladium (PdTBP)
ʠ ʝʤʠʪʝʨʠʪʝ: (c) – 3-(4-tert-Butylphenyl)perylene (phenyl perylene, E1), (d) – 1,3,5,7-tetramethyl-8-phenyl-2,6-
diethyl dipyrromethane•BF2 (BODIPY, E2) and (a) – 4-(perylene-3’-yl)-8-phenyl-1,3,5,7-tetramethyl -2,6-diethyl
dipyrromethane•BF2 (ED). ɽʥʝʨʛʝʪʠʯʥʘ ʩʭʝʤʘ ʥʘ TTA ī UC ʧʨʦʮʝʩʘ ʚ ʤʫʣʪʠ-ʢʦʤʧʦʥʝʥʪʥʘ ʤʦʣʝʢʫʣʥʘ
ʩʠʩʪʝʤʘ. ɽʤʠʪʝʨ 1: eVET

E 39.154.1~
*

1
1 · [18], eVES

E 78.2~
*
1
1 ; ɽʤʠʪʝʨ 2: eVET

E 64.1~
*

1
2  [19], eVES

E 35.2~
*
1
2 .

ʉʝʥʩʠʙʠʣʠʟʘʪʦʨ: eVET
PdTBP 62.155.1~

*
1 · .

ʌʠʛʫʨʘ 4.29: ʃʫʤʠʥʝʩʮʝʥʪʥʠ ʩʧʝʢʪʨʠ ʥʘ UC-ʩʠʩʪʝʤʠʪʝ: PdTBP / E1 (2 ³10-6M / 8 ³10-5M, ʩʠʥʷ ʣʠʥʠʷ),
PdTBP / E2 (2³10-6M / 8³10-5M, ʟʝʣʝʥʘ ʣʠʥʠʷ), ʬʠʟʠʯʝʩʢʘ ʩʤʝʩ ʥʘ PdTBP / E1 + E2 (2³10-6M / 4³10-5M +
4³10-5M, ʯʝʨʝʚʝʥʘ ʣʠʥʠʷ) ʠ PdTBP / ED (2³10-6M / 4³10-5M, ʯʝʨʥʘ ʣʠʥʠʷ). ʌʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ ʯʠʩʪ ʨʘʟʪʚʦʨ
ʥʘ PdTBP (2³10-6M, ʦʨʘʥʞʝʚʘ ʣʠʥʠʷ).

ʊʲʡ ʢʘʪʦ ʝʤʠʪʝʨʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʥʠʚʦ ʥʘ ɽ1 ʝ ʦʪʥʦʩʠʪʝʣʥʦ ʥʠʩʢʦ (ʤʥʦʛʦ ʙʣʠʟʦ ʜʦ

ʛʨʘʥʠʮʘʪʘ *
1
12

1 S
EE ) ʪʦ ʧʨʦʮʝʩʲʪ ʥʘ homo - TTA – UC ʱʝ ʙʲʜʝ ʩ ʧʦʩʨʝʜʩʪʚʝʥʘ ʝʬʝʢʪʠʚʥʦʩʪ
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(ʩʠʥʷʪʘ ʣʠʥʠʷ ʥʘ ʌʠʛʫʨʘ 4.29,
*

1
*
1

11 2 T
E

S
E EE ³¢ ). ʇʦ ʧʦʜʦʙʝʥ ʥʘʯʠʥ, ʥʘʙʣʶʜʘʚʘʥʘ ʝ

ʦʪʥʦʩʠʪʝʣʥʦ ʩʣʘʙʦ ʝʬʝʢʪʠʚʥʘ homo - TTA – UC ʟʘ ʝʤʠʪʝʨʘ E2 (ʟʝʣʝʥʘʪʘ ʣʠʥʠʷ, ʌʠʛʫʨʘ

4.29). ɺʲʚ ʬʠʟʠʯʝʩʢʘʪʘ ʩʤʝʩ ʥʘ ʜʚʘʪʘ ʝʤʠʪʝʨʘ ʠʥʪʝʛʨʘʣʥʘʪʘ UC – ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʝ

ʦʪʥʦʩʠʪʝʣʥʦ ʧʦ-ʚʠʩʦʢʘ (ʌʠʛʫʨʘ 4.29, ʯʝʨʚʝʥʘʪʘ ʣʠʥʠʷ), ʟʘʱʦʪʦ ʚ ʤʫʣʪʠ-ʢʦʤʧʦʥʝʥʪʥʘ

ʩʠʩʪʝʤʘ ʨʘʚʝʥʩʪʚʦʪʦ (4.6) ʩʝ ʠʟʧʲʣʥʷʚʘ ʧʦ-ʣʝʩʥʦ (
*

1
*

1
*
1

212
T
E

T
E

S
E EEE +< ). ɺ ʩʣʫʯʘʷ ʥʘ

ʢʦʚʘʣʝʥʪʥʦ ʩʚʲʨʟʘʥʠ ʝʤʠʪʝʨʠ ɽ1 / ɽ2 – ʪ.ʝ. ʘʩʠʤʝʪʨʠʯʥʘ ʝʤʠʪʝʨʥʘ ʜʠʘʜʘ, UC-ʧʨʦʮʝʩʘ

ʜʝʤʦʥʩʪʨʠʨʘ (ʩʣʝʜʚʘʡʢʠ ʨʘʚʝʥʩʪʚʦ (4.8)) ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʦʩʪ (ʌʠʛʫʨʘ

4.29, ʯʝʨʥʘʪʘ ʣʠʥʠʷ).

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʜʘʥʥʠ ʩʘ ʩʫʤʠʨʘʥʠ ʚ ʊʘʙʣʠʮʘ 4.2, ʢʲʜʝʪʦ tphos ʝ ʚʨʝʤʝʪʦ ʥʘ

ʞʠʚʦʪ ʥʘ ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʠ tUC ʝ ʚʨʝʤʝʪʦ ʥʘ ʞʠʚʦʪ ʥʘ

ʟʘʢʲʩʥʷʣʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʟʘ ʨʘʟʣʠʯʥʠʪʝ UC – ʩʠʩʪʝʤʠ:

Table 4.2: ʌʦʪʦʬʠʟʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ UC – ʩʠʩʪʝʤʠ. ɿʘ ʯʠʩʪ ʨʘʟʪʚʦʨ ʥʘ PdTBP ʚ ʪʫʣʫʦʣ ʧʨʠ
ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪ 2 ³10-6M, tphos = 384 µs.

E1 E2 mixture of E1+E2 ED
b 1.12°0.01 1.17°0.01 1.14°0.01 1.11°0.01

tphos [µs] 45 266 56 36

tUC [µs] 328 368 363 251

hTTA-UC 0.066 0.060 0.076 0.113

ʊʨʘʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ ʝʢʩʧʣʠʮʠʪʥʦ, ʯʝ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʟʘ UC-ʩʠʩʪʝʤʠ ʩ

ʠʜʝʥʪʠʯʥʠ ʤʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʭʨʦʤʦʬʦʨʠʪʝ – ʪ.ʝ. ʤʦʣʘʨʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ

ʜʠʘʜʥʘʪʘ ʤʦʣʝʢʫʣʘ ʝ 2 ʧʲʪʠ ʧʦ-ʥʠʩʢʘ, ʦʪʢʦʣʢʦʪʦ ʤʦʣʘʨʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʩʝʢʠ ʝʜʠʥ

ʦʪ ʝʜʠʥʥʠʯʥʠʪʝ ʝʤʠʪʝʨʠ.

ɺ ʩʠʥʝʨʛʝʪʠʯʥʦ–ʬʫʥʢʮʠʦʥʠʨʘʱʘʪʘ TTA-UC ʩʠʩʪʝʤʘ ʙʝʰʝ ʠʟʤʝʨʝʥ ʠʟʢʣʶʯʠʪʝʣʥʦ

ʚʠʩʦʢ UC-ʢʚʘʥʪʦʚ ʜʦʙʠʚ (ʚ ʢʣʘʩʠʯʝʢʠ ʩʤʠʩʲʣ, ʩʣʝʜʚʘʡʢʠ ʜʝʬʠʥʠʮʠʷʪʘ ʥʘ IUPAK) - 0.11,

ʟʘʧʘʟʚʘʡʢʠ ʚʩʠʯʢʠ ʜʨʫʛʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘ ʘʥʠʭʠʣʘʮʠʦʥʥʘʪʘ up-ʢʦʥʚʝʨʩʠʷ.
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ɻʃɸɺɸ 5

ʆʨʛʘʥʠʯʥʠ, ʛʲʚʢʘʚʠ ʠ ʧʨʦʟʨʘʯʥʠ ʤʥʦʛʦʮʚʝʪʥʠ

ʜʠʩʧʣʝʠ, ʙʘʟʠʨʘʥʠ ʥʘ TTA-UC
ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥ ʨʝʘʣʠʟʠʨʘʥʠʷʪ ʟʘ ʧʲʨʚʠ ʧʲʪ ʦʨʛʘʥʠʯʝʥ,

ʛʲʚʢʘʚ ʠ ʧʨʦʟʨʘʯʝʥ ʤʥʦʛʦʮʚʝʪʝʥ ʜʠʩʧʣʝʡ, ʙʘʟʠʨʘʥ ʥʘ ʘʥʠʭʠʣʘʮʠʦʥʥʘ up-ʢʦʥʚʝʨʩʠʷ. ʊʦʟʠ

ʨʝʟʫʣʪʘʪ ʝ ʟʘʱʠʪʝʪ ʩ ʧʨʠʟʥʘʪ ʩʚʝʪʦʚʝʥ ʧʘʪʝʥʪ [P29]. ɸʥʠʭʠʣʘʮʠʦʥʥʠʷʪ ʜʠʩʧʣʝʡ

ʬʫʥʢʮʠʦʥʠʨʘ ʩ ʫʣʪʨʘ-ʥʠʩʲʢ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 10mW×cm-2

ʯʝʨʚʝʥʘ / IR-ɸ ʩʚʝʪʣʠʥʘ, ʢʦʭʝʨʝʥʪʥʘ ʠʣʠ ʥʝʢʦʭʝʨʝʥʪʥʘ. ɺʨʝʤʝʪʦ ʟʘ ʦʪʢʣʠʢ ʥʘ ʜʠʩʧʣʝʷ

ʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ n×1 µs ʜʦ n×100 µs, ʧʦʟʚʦʣʷʚʘʡʢʠ kHz-ʯʝʩʪʦʪʘ ʥʘ ʦʙʥʦʚʷʚʘʥʝ.

ʆʧʪʠʯʝʩʢʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʜʠʩʧʣʝʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʷ, ʪʘʢʘ ʯʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ

ʦʧʪʠʤʘʣʥʦ ʧʨʦʧʫʩʢʘʥʝ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʥʘ ʥʘʧʦʤʧʚʘʥʝ. ʈʘʟʩʝʡʚʘʥʝʪʦ ʝ ʤʠʥʠʤʘʣʥʦ,

ʪʘʢʘ ʯʝ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʘʥʪʠʨʝʬʣʝʢʮʠʦʥʥʦ ʧʦʢʨʠʪʠʝ. ɿʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʮʚʝʪʝʥ ʦʙʨʘʟ ʝ

ʥʝʦʙʭʦʜʠʤ ʩʘʤʦ ʝʜʠʥ ʥʘʧʦʤʚʘʱ ʠʟʪʦʯʥʠʢ. ʅʷʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʬʠʟʠʯʝʩʢʠʪʝ ʨʘʟʤʝʨʠ

ʥʘ ʘʥʠʭʠʣʘʮʠʦʥʥʠʷ ʜʠʩʧʣʝʡ.

5.1. ɿʘʤʷʥʘ ʥʘ ʚʦʣʘʪʠʣʥʠʷʪ ʦʨʘʥʠʯʝʥ ʨʘʟʪʚʦʨʠʪʝʣ
ʅʘ ʩʪʨʘʥʠʮʠ 149-152 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ ʝ ʦʧʠʩʘʥʘ ʧʦʜʨʦʙʥʦ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʟʘʤʷʥʘ ʥʘ

ʚʦʣʘʪʠʣʥʠʪʝ ʦʨʛʘʥʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ ʩ ʥʝ-ʚʦʣʘʪʠʣʥʠ, ʩ ʮʝʣ ʜʘ ʩʝ ʫʜʲʣʞʠ ʩʲʱʝʩʪʚʝʥʦ

ʚʨʝʤʝʪʦ ʥʘ ʞʠʚʦʪ ʥʘ ʘʥʠʭʠʣʘʮʠʦʥʥʠʷ ʜʠʩʧʣʝʡ (ɸD).

5.2. ʉʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠ up-ʢʦʥʚʝʨʩʠʦʥʥʠ ʜʠʩʧʣʝʠ

ʌʠʛʫʨʘ 5.4: (ʣʷʚʦ) – ʉʭʝʤʘʪʠʯʥʦ, ʧʨʠʥʮʠʧ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʥʝ ʥʘ UC – ʜʠʩʧʣʝʡ; (ʜʷʩʥʦ) –
ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ TTA-UC ʜʠʩʧʣʝʡ. ʇʨʦʧʫʩʥʘʪʠʷʪ ʣʘʟʝʨʝʥ ʩʥʦʧ ʩʝ ʚʠʞʜʘ ʥʘ ʯʝʨʥʠʷʪ
ʜʠʬʫʟʠʚʝʥ ʝʢʨʘʥ, ʨʘʟʧʦʣʦʞʝʥ ʟʘʜ TTA-UC ʜʠʩʧʣʝʷ. ʋʩʣʦʚʠʷ: ɼʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ l = 635
nm; cw – ʜʠʦʜʝʥ ʣʘʟʝʨ, 10mW; ʅʝ ʩʘ ʠʟʧʦʣʚʘʥʠ ʙʣʦʢʠʨʘʱʠ ʬʠʣʪʨʠ ʟʘ CCD-ʦʙʨʘʟʘ; ɼʥʝʚʥʦ ʦʩʚʝʪʣʝʥʠʝ.

ʅʘ ʌʠʛʫʨʘ 5.4. ʝ ʜʝʤʦʥʩʪʨʠʨʘʥ ʦʙʱʠʷʪ ʧʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ UC – ʜʠʩʧʣʝʠʪʝ.
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5.3. ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ TTA-UC ʜʠʧʣʝʠ
ʅʘ ʩʪʘʥʠʮʠ 153-156 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʪʨʫʢʪʫʨʠʪʝ, ʦʧʪʠʯʝʩʢʠʪʝ ʩʚʦʡʪʚʘ

ʥʘ UC-ʜʚʦʡʢʠʪʝ, ʥʘ ʙʘʟʘʪʘ ʥʘ ʢʦʠʪʦ ʩʘ ʠʟʛʨʘʜʘʝʥʠ ʤʥʦʛʦʮʚʝʪʥʠʪʝ TTA-UC ʜʠʩʧʣʝʠ.
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ʌʠʛʫʨʘ 5.7: UC – ʧʨʦʟʦʨʝʮ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪ. ʅʦʨʤʠʨʘʥ ʘʙʩʦʨʙʮʠʦʥʝʥ ʩʧʝʢʪʲʨ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ī
PdTBP (ʯʝʨʚʝʥʘʪʘ ʣʠʥʠʷ) ʟʘʝʜʥʦ ʩ ʥʦʨʤʠʨʘʥʠʪʝ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʩʧʝʢʪʨʠ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ/ʝʤʠʪʝʨ
ʜʚʦʡʢʠ, ʢʘʢʪʦ ʩʣʝʜʚʘ, PdTBP / Perylene (ʩʠʥʷ ʣʠʥʠʷ a), PdTBP / BPEA (ʟʝʣʝʥʘ ʣʠʥʠʷ b) ʠ PdTBP / Rubrene
(ʦʨʘʥʞʝʚʘ ʣʠʥʠʷ c). ʋʩʣʦʚʠʷ: ɼʲʣʞʠʥʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ l = 635 nm; ɹʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ; ʄʘʪʨʠʮʘ –
PS400; ɿʘ ʧʦ-ʜʦʙʨʘ ʚʠʜʠʤʦʩʪ, ʬʣʫʦʨʝʩʮʝʥʪʥʠʪʝ ʩʧʝʢʪʨʠ ʩʘ ʥʦʨʤʠʨʘʥʠ ʢʲʤ 0.6.

ʅʘ ʌʠʛʫʨʘ 5.7 ʝ ʜʝʤʦʥʩʪʨʠʨʘʥ ʧʨʦʟʦʨʝʮʲʪ ʥʘ ʧʨʦʟʨʘʯʥʦʩʪ ʥʘ ʩʝʥʠʩʠʙʠʣʠʟʘʪʦʨʘ PdTBP,

ʨʘʙʦʪʝʱ ʝʬʝʢʪʠʚʥʦ ʩ PdTBP / Perylene (ʩʠʥ ʮʚʷʪ ʥʘ ʜʠʩʧʣʝʷ), PdTBP / BPEA (ʟʝʣʝʥ ʮʚʷʪ

ʥʘ ʜʠʩʧʣʝʷ) ʠ PdTBP / Rubrene (ʞʲʣʪ ʮʚʷʪ ʥʘ ʜʠʩʧʣʝʷ). ʆʪ ʌʠʛʫʨʘ 5.7 ʩʝ ʚʠʞʜʘ ʯʝ

ʧʦʚʝʯʝ ʦʪ 90% ʦʪ ʝʤʠʪʠʨʘʥʘʪʘ UC-ʝʤʠʩʠʷ ʥʝ ʩʝ ʧʨʝʧʦʛʣʲʱʘ ʦʪ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ.

ʅʘ ʌʠʛʫʨʘ 5.8 ʩʘ ʜʝʤʦʥʩʪʨʠʨʘʥʠ 2D-UC ʜʠʩʧʣʝʠ, ʨʝʘʣʠʟʠʨʘʥʠ ʩ ʝʜʠʥ ʠ ʩʲʱ

ʠʟʪʦʯʥʠʢ ʥʘ ʚʲʟʙʫʞʜʘʥʝ - 10mW cw-ʜʠʦʜʝʥ ʣʘʟʝʨ, l=635nm, single ʤʦʜ.

ʌʠʛʫʨʘ 5.8: CCD-ʬʦʪʦʛʨʘʬʠʷ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʱʠ UC ʦʨʛʘʥʠʯʥʠ 2D-ʜʠʩʧʣʝʠ. ʋʩʣʦʚʠʷ: ʈʘʟʤʝʨʠ ī 60x60
mm; ʉʫʙʩʪʨʘʪ - ʧʦʣʠʢʘʨʙʦʥʘʪ; ʌʨʦʥʪʘʣʥʦ ʚʲʟʙʫʞʜʘʥʝ; TTA-UC ʩʠʩʪʝʤʠ, ʢʘʢʪʦ ʩʣʝʜʚʘ: a ī
PdTBP/Perylene/PS400; b ī PdTBP/BPEA/PS400; c ī PdTBP/Rubrene/ PS400; ʋʩʨʝʜʥʝʥʘʪʘ ʠʥʪʝʥʟʠʚʥʦʩʪ ʚ
ʧʝʪʥʦʪʦ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʝ ʧʦ-ʤʘʣʢʦ ʦʪ 25 mW×cm-2, ɼʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ - l=635nm; ʏʝʩʪʦʪʘ ʥʘ ʛʘʣʚʦ-
ʩʢʝʥʝʨʘ ī 8 kHz. ʅʝ ʩʘ ʠʟʧʦʣʚʘʥʠ ʙʣʦʢʠʨʘʱʠ ʬʠʣʪʨʠ ʟʘ CCD-ʦʙʨʘʟʘ; ɼʥʝʚʥʦ ʦʩʚʝʪʣʝʥʠʝ.
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ʌʠʛʫʨʘ 5.10: ʎʚʝʪʥʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ TTA-UC ʜʠʩʧʣʝʠʪʝ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛʫʨʘ 5.8, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʥʘ CIE
1931 ʜʠʘʛʨʘʤʘ ʥʘ ʮʚʝʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ (2-ʛʨʘʜʫʩʘ ʩʪʘʥʜʘʨʪʝʥ ʥʘʙʣʶʜʘʪʝʣ), ʢʘʢʪʦ ʩʣʝʜʚʘ – ʟʘ
PdTBP/Perylene – x = 0.156, y = 0.305 (ʜʠʘʤʘʥʪ); ʟʘ PdTBP/BPEA – x = 0.204, y = 0.559 (ʢʨʲʛ); ʟʘ
PdTBP/Rubrene – x = 0.500, y = 0.493 (ʪʨʠʲʛʲʣʥʠʢ).

5.5. ɺʨʝʤʝ ʥʘ ʦʪʢʣʠʢ ʥʘ TTA-UC ʜʠʩʧʣʝʠʪʝ
ʂʘʪʦ ʧʨʠʤʝʨ ʟʘ ʰʠʨʦʢʠʷʪ ʜʠʘʧʘʟʦʥ ʥʘ ʧʨʝʥʘʩʪʨʦʠʚʘʥʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʦʪʢʣʠʢ, ʥʘ ʌʠʛʫʨʘ

5.13 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʜʠʥʘʤʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʝʜʥʘ ʠ ʩʲʱʘ UC-ʜʚʦʡʢʘ

(PdTBP/BPEA/PS400) ʟʘ ʜʚʝ ʤʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʟʥʘʯʝʥʠ ʥʘ ʬʠʛʫʨʘʪʘ.

ʀʟʤʝʨʚʘʥʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ ʩʲʩ Streak Camera (Hamamatsu C5680, single shot, slow mode).

ʌʠʛʫʨʘ 5.13: ɺʨʝʤʝ ʥʘ ʥʘʨʘʩʪʚʝʥʝ ʠ ʚʨʝʤʝ ʥʘ ʟʘʪʠʭʚʘʥʝ ʥʘ UC ī ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ, ʩʣʝʜ ʠʤʧʫʣʩ ʩ
ʧʨʦʜʲʣʞʠʪʝʥʦʩʪ ʦʪ 100µs. ʀʥʪʝʥʟʠʪʝʪʲʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʝ 1W×cm-2, l = 635 nm (single mode ʜʠʦʜʝʥ
ʣʘʟʝʨ), ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. UC-ʜʚʦʡʢʘ - PdTBP/BPEA in oligo-PS400, ʩ ʤʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 1×10-4 M/
1×10-3 M (a) ʠ 1×10-3 M / 2.5×10-2 M (b).

ɺʲʧʨʝʢʠ ʯʝ ʚʩʠʯʢʠ ʜʨʫʛʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʘʨʘʤʝʪʨʠ (ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ,

ʚʠʩʢʦʟʥʦʩʪ ʥʘ ʤʘʪʨʠʮʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʙʨʘʟʝʮʘ, ʦʩʪʘʪʲʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ

ʢʠʩʣʦʨʦʜʘ) ʩʘ ʠʜʝʥʪʠʯʥʠ, ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʲʱʝʩʪʚʝʥʦ ʠʟʤʝʥʝʥʠʝ ʢʘʢʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ

ʥʘʨʘʩʪʚʘʥʝ ʥʘ UC-ʩʠʛʥʘʣʘ(ʥʘʤʘʣʷʚʘ ʦʪ 130 µs ʜʦ 80 µs) ʪʘʢʘ ʠ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʟʘʪʠʭʚʘʥʝ

(ʥʘʤʘʣʷʚʘ ʦʪ 400 µs ʜʦ 80 µs) ʧʨʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ UC-ʙʘʛʨʠʣʘʪʘ.



CHAPTER 5: All-Organic, flexible and transparent multicolour display based on TTA-UC

58

ʉʣʝʜʦʚʘʪʝʣʥʦ, pulse-to-pulse ʯʝʩʪʦʪʘ ʥʘ ʧʦʚʪʦʨʝʥʠʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʫʚʝʣʠʯʝʥʘ ʦʪ 1.6 kHz

ʜʦ 6 kHz.
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ʌʠʛʫʨʘ 5.14: ɺʨʝʤʝ ʥʘ ʥʘʨʘʩʪʚʝʥʝ ʠ ʚʨʝʤʝ ʥʘ ʟʘʪʠʭʚʘʥʝ ʥʘ TTA-UC ʟʘ ʜʠʩʧʣʝʠʪʝ, ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛʫʨʘ
5.8 ʩʣʝʜ ʚʲʟʙʫʞʜʘʥʝ ʩ ʠʤʧʫʣʩ ʩ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʦʪ 50µs.

ʅʘ ʌʠʛʫʨʘ 5.14 ʝ ʧʨʝʩʪʘʚʝʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʦʪʢʣʠʢ ʥʘ UC ī ʩʠʛʥʘʣʘ ʟʘ

ʨʘʟʣʠʯʥʠʪʝ ʜʚʦʡʢʠ ʩʝʥʩʠʙʠʣʠʟʘʦʪʦʨ / ʝʤʠʪʝʨ, ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛʫʨʘ 5.8.

5.6. ʀʥʪʝʥʟʠʪʝʪʝʥ ʦʪʢʣʠʢ ʥʘ TTA-UC ʜʠʩʧʣʝʠʪʝ
ʊʘʢʘ ʥʘʨʝʯʝʥʠʷʪ „grey scale response“ – ʪ.ʝ. ʷʨʢʦʩʪʝʥ ʦʪʢʣʠʢ ʥʘ TTA-UC ʜʠʩʧʣʝʠ

(ʪʘʢʠʚʘ ʢʘʪʦ ʜʝʤʦʥʩʪʨʠʨʘʥʠʪʝ ʥʘ ʌʠʛʫʨʘ 5.8) ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʣʠʥʝʡʥʘ

ʤʦʜʫʣʘʮʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʲʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ. ʅʘ ʌʠʛʫʨʘ 5.17 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ

ʥʘ UC ī ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ.
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ʌʠʛʫʨʘ 5.17: ɿʘʚʠʩʠʤʦʩʪ ʥʘ TTA-UC ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʟʘ ʨʘʟʣʠʯʥʠ UC –
ʜʚʦʡʢʠ, ʢʘʢʪʦ ʩʣʝʜʚʘ: PdTBP/Perylene/PS400 (ʩʠʥʠ ʢʨʲʛʦʚʝ), PdTBP/BPEA/PS400 (ʟʝʣʝʥʠ ʢʨʲʛʦʚʝ) ʠ
PdTBP/Rubrene /PS400 (ʦʨʘʥʞʝʚʠ ʢʨʲʛʦʚʝ). ʇʨʘʚʠʪʝ ʩʘ ʩʪʝʧʝʥʥʠ ʬʫʥʢʮʠʠ. ʋʩʣʦʚʠʷ: ʇʣʦʱ ʥʘ ʧʝʪʥʦʪʦ ʥʘ
ʚʲʟʙʫʞʜʘʥʝ ī 0.2 mm2; ɼʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ l = 635nm; ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ʆʙʨʘʟʮʠʪʝ ʩʘ ʧʨʠʛʦʪʚʝʥʠ ʚ
ʙʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ.
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ʀʥʪʝʥʟʠʪʝʪʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ Uʉ-ʜʠʩʧʣʝʠʪʝ ʩʝ ʘʧʨʦʢʩʠʤʠʨʘ ʜʦʙʨʝ ʩʲʩ ʩʪʝʧʝʥʥʘ

ʬʫʥʢʮʠʷ ʦʪ ʚʠʜʘ: b
excUpConv PaP *=  ʢʲʜʝʪʦ b=1°0.05 ʝ ʟʘ PdTBP/perylene,

b=0.97°0.05 ʟʘ PdTBP/BPEA ʠ b = 1.37°0.05 ʟʘ PdTBP/rubrene.

ʌʠʛʫʨʘ 5.18: ʌʫʥʢʮʠʦʥʠʨʘʱ ʛʲʚʢʲʚ TTA-UC ʦʨʛʘʥʠʯʝʥ 2D-ʜʠʩʧʣʝʡ. ʋʩʣʦʚʠʷ: ʈʘʟʤʝʨʠ ī 100x60 mm;
ɽʢʩʪʨʫʜʠʨʘʥ PS-ʩʫʙʩʪʨʘʪ (1.2mm ʜʝʙʝʣ, Goodfellow GmbH); ʌʨʦʥʪʘʣʥʦ ʚʲʟʙʫʞʜʘʥʝ; TTA-UC-ʩʣʦʡ –
250µm ʜʝʙʝʣʠʥʘ; UC-ʜʚʦʡʢʘ: PdTBP/BPEA/oligo-PS; ʀʥʪʝʥʟʠʪʝʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ < 20 mW×cm-2; ɼʲʣʞʠʥʘ
ʥʘ ʚʲʣʥʘʪʘ l=635nm; ʏʝʩʪʦʪʘ ʥʘ ʛʘʣʚʦ-ʩʢʝʥʝʨʘ ī 12 kHz; TTA-UC ʜʠʩʧʣʝʷʪ ʝ ʧʨʠʛʦʪʚʝʥ ʠ ʟʘʧʝʯʘʪʘʥ ʚ
ʘʟʦʪʝʥ glove-box, ʩ ʧʦ-ʤʘʣʢʦ ʦʪ 2 ppm ʢʠʩʣʦʨʦʜ; ʅʝ ʩʘ ʠʟʧʦʣʚʘʥʠ ʙʣʦʢʠʨʘʱʠ ʬʠʣʪʨʠ ʟʘ CCD-ʦʙʨʘʟʘ;
ɼʥʝʚʥʦ ʦʩʚʝʪʣʝʥʠʝ. ɿʘʙʝʣʝʞʢʘ: ʅʘ ʩʪʝʥʘʪʘ ʥʘ ʣʘʙʦʨʘʪʦʨʠʷʪʘ ʩʝ ʚʠʞʜʘ ʧʦʩʪʝʨ, ʙʘʟʠʨʘʥ ʥʘ ʥʘʰʘʪʘ
ʧʫʙʣʠʢʘʮʠʷ [R17]. ʄʦʣʷ, ʟʘʧʦʟʥʘʡʪʝ ʩʝ ʩ ʬʠʣʤʦʚʠʷ ʤʘʪʝʨʠʘʣ, ʧʨʠʣʦʞʝʥ ʢʲʤ ʜʠʩʝʨʘʪʮʠʷʪʘ.

ʉʣʝʜʚʘʱʦʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʥʘ ʦʨʛʘʥʠʯʥʠʪʝ UC-ʜʠʩʧʣʝʠ ʝ ʪʷʭʥʘʪʘ ʦʪʥʦʩʠʪʝʣʥʘ

ʧʨʦʟʨʘʯʥʦʩʪ (ʌʠʛʫʨʘ 5.18). ʈʘʟʩʝʡʚʘʥʝʪʦ ʥʘ ʥʘʧʦʤʧʚʘʱʦʪʦ ʠʟʣʲʯʚʘʥʝ ʝ ʧʨʝʥʝʙʨʝʞʠʤʦ,

ʷʩʝʥ ʦʙʨʘʟ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʙʝʟ ʘʥʪʠʦʪʨʘʞʘʪʝʣʥʦ ʧʦʢʨʠʪʠʝ. ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ UC-

ʜʠʩʧʣʝʠʪʝ ʩʘ ʛʲʚʢʘʚʠ, ʢʘʪʦ ʥʝ ʩʲʱʝʩʪʚʫʚʘʪ ʦʩʦʙʝʥʠ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʣʝʧʠʣʘʪʘ ʠʟʧʦʣʟʚʘʥʠ

ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝʪʦ ʠʤ.

ʌʠʛʫʨʘ 5.19: CCD-ʦʙʨʘʟ ʥʘ ʪʨʠʮʚʝʪʝʥ 2D-ʜʠʩʧʣʝʡ, ʚʲʟʙʫʜʝʥ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʝʜʠʥʠʯʝʥ ʣʘʟʝʨ. ʋʩʣʦʚʠʷ:
ʀʥʪʝʥʟʠʪʝʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ī 50mW×cm-2; ʌʨʦʥʪʘʣʥʦ ʚʲʟʙʫʞʜʘʥʝ; ʏʝʩʪʦʪʘ ʥʘ ʛʘʣʚʦ-ʩʢʝʥʝʨʘ ī 12 kHz;
TTA-UC-ʩʣʦʡ – 400µm ʜʝʙʝʣʠʥʘ; ɼʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ l = 635nm. UC – ʜʚʦʡʢʠ, ʢʘʢʪʦ ʩʣʝʜʚʘ:
PdTBP/BPEA/PS400 (ʣʷʚʦ), PdTBP/Rubrene /PS400 (ʩʨʝʜʘ) and PdTBP/Perylene/PS400 (ʜʷʩʥʦ); TTA-UC
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ʜʠʩʧʣʝʷʪ ʝ ʧʨʠʛʦʪʚʝʥ ʠ ʟʘʧʝʯʘʪʘʥ ʚ ʘʟʦʪʝʥ glove-box, ʩ ʧʦ-ʤʘʣʢʦ ʦʪ 2 ppm ʢʠʩʣʦʨʦʜ; ʅʝ ʩʘ ʠʟʧʦʣʚʘʥʠ
ʙʣʦʢʠʨʘʱʠ ʬʠʣʪʨʠ ʟʘ CCD-ʦʙʨʘʟʘ; ɼʥʝʚʥʦ ʦʩʚʝʪʣʝʥʠʝ.

ʅʘ ʌʠʛʫʨʘ 5.19 ʝ ʜʝʤʦʥʩʪʨʠʨʘʥʦ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ ʠʟʣʲʯʚʘʥʝ ʥʘ ʪʨʠʮʚʝʪʝʥ ʦʙʨʘʟ, ʢʦʝʪʦ

ʜʦʢʘʟʚʘ ʥʘʛʣʝʜʥʦ, ʩʨʘʥʠʪʝʣʥʦ ʝʜʥʘʢʚʠʪʝ ʢʚʘʥʪʦʚʠ ʜʦʙʠʚʠ ʟʘ ʪʨʠʪʝ ʥʘʙʣʶʜʘʚʘʥʠ ʮʚʷʪʘ.

ʅʘ ʌʠʛʫʨʘ 5.20 ʩʘ ʧʦʢʘʟʘʥʠ 6 ʢʘʜʲʨʘ, ʠʟʦʣʠʨʘʥʠ ʦʪ ʬʠʣʤʦʚʠʷʪ ʤʘʪʝʨʠʘʣ, ʧʨʠʣʦʞʝʥ ʢʲʤ

ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ.

ʌʠʛʫʨʘ 5.20: ʌʫʥʢʮʠʦʥʠʨʘʱ UC ʦʨʛʘʥʠʯʝʥ 2D-ʜʠʩʧʣʝʡ (1-6). ʋʩʣʦʚʠʷ: ʈʘʟʤʝʨʠ ī 50×50 mm;
ɽʢʩʪʨʫʜʠʨʘʥ PS-ʩʫʙʩʪʨʘʪ (Goodfellow GmbH, 1.2mm ʜʝʙʝʣʠʥʘ); UC-ʩʣʦʡ – 250µm ʜʝʙʝʣʠʥʘ, UC-ʜʚʦʡʢʘ ī
PdTBP/Perylene/PS400. ʀʥʪʝʥʟʠʪʝʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ < 20mW×cm-2; ɼʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ l=635nm; ʏʝʩʪʦʪʘ
ʥʘ ʛʘʣʚʦ-ʩʢʝʥʝʨʘ ī 12 kHz; ɽʤʠʩʠʦʥʥʘ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ l = 475 nm, ʩ Dl ~ 22 nm, FWHM; TTA-UC
ʜʠʩʧʣʝʷʪ ʝ ʧʨʠʛʦʪʚʝʥ ʠ ʟʘʧʝʯʘʪʘʥ ʚ ʘʟʦʪʝʥ glove-box, ʩ ʧʦ-ʤʘʣʢʦ ʦʪ 2 ppm ʢʠʩʣʦʨʦʜ; ʅʝ ʩʘ ʠʟʧʦʣʚʘʥʠ
ʙʣʦʢʠʨʘʱʠ ʬʠʣʪʨʠ ʟʘ CCD-ʦʙʨʘʟʘ; ɼʥʝʚʥʦ ʦʩʚʝʪʣʝʥʠʝ.
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ɻʃɸɺɸ 6

Up-ʢʦʥʚʝʨʩʠʷ, ʧʨʠʣʦʞʝʥʘ ʟʘ DSSC – ʩʣʲʥʯʝʚʠ ʢʣʝʪʢʠ
ʄʦʪʠʚʘʮʠʷ: ʇʨʠʣʘʛʘʡʢʠ ʧʨʦʮʝʩʘ ʥʘ TTA-UC ʫʚʝʣʠʯʠʭʤʝ ʩʧʝʢʪʨʘʣʥʘʪʘ ʷʨʢʦʩʪ ʥʘ

ʉʣʲʥʮʝʪʦ ʚ ʩʧʝʢʪʨʘʣʥʠʷʪ ʨʝʛʠʦʥ, ʢʦʡʪʦ ʚʲʚʧʘʜʘ ʦʧʪʠʤʘʣʥʦ ʩʲʩ ʩʧʝʢʪʲʨʘ ʥʘ

ʤʘʢʩʠʤʘʣʥʦ ʫʪʠʣʠʟʠʨʘʥʝ ʥʘ ʧʘʜʘʱʠʷʪ ʩʚʝʪʣʠʥʝʥ ʧʦʪʦʢ (IPCE, photon-to-current

efficiency) ʟʘ ʦʨʛʘʥʠʯʥʠʪʝ, ʩʝʥʩʠʙʠʣʠʟʠʨʘʥʠ ʩ ʙʘʛʨʠʣʘ ʩʣʲʥʯʝʚʠ ʢʣʝʪʢʠ (DSSC).

ʅʘ ʌʠʛʫʨʘ 6.2a (ʩʚʝʪʣʦ ʩʠʥʷʪʘ ʣʠʥʠʷ) ʝ ʧʨʝʜʩʪʘʚʝʥ IPCE-ʩʧʝʢʪʲʨʘ ʥʘ ʠʟʧʦʣʟʚʘʥʘʪʘ DSSC

- ʩʣʲʥʯʝʚʘ ʢʣʝʪʢʘ. ɺʠʞʜʘ ʩʝ ʜʦʙʨʝ, ʯʝ UC-ʝʤʠʩʠʷʪʘ (ʪʲʤʥʦ ʩʠʥʷʪʘ ʣʠʥʠʷ) ʩʲʚʧʘʜʘ

ʦʧʪʠʤʘʣʥʦ ʩ IPCE-ʩʧʝʢʪʲʨʘ. ʉʲʱʝʚʨʝʤʝʥʥʦ, ʧʦʛʣʲʱʘʥʝʪʦ ʥʘ Q-ʨʝʛʠʦʥʘ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (ʯʝʨʚʝʥʘ ʣʠʥʠʷ) ʣʝʞʠ ʠʟʮʷʣʦ ʠʟʚʲʥ IPCE-ʩʧʝʢʪʲʨʘ ʥʘ ʩʣʲʥʯʝʚʘʪʘ

ʢʣʝʪʢʘ.

ʌʠʛʫʨʘ 6.2: (a) ī ɸʙʩʦʨʙʮʠʦʥʝʥ ʩʧʝʢʪʲʨ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (ʯʝʨʚʝʥʘ ʣʠʥʠʷ), ʣʫʤʠʥʝʩʮʝʥʮʠʷ ʥʘ
ʩʠʩʪʝʤʘʪʘ PdTBP/Perylene ʚʲʟʙʫʜʝʥʘ ʚ up-ʢʦʥʚʝʨʩʠʦʥʝʥ ʨʝʞʠʤ (ʪʲʤʥʦ ʩʠʥʷʪʘ ʣʠʥʠʷ) ʠ IPCE-ʩʧʝʢʪʲʨ ʥʘ
ʩʣʲʥʯʝʚʘʪʘ ʢʣʝʪʢʘ (ʩʚʝʪʣʦ ʩʠʥʷʪʘ ʣʠʥʠʷ); (b) – ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʝʢʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʢʦʤʙʠʥʘʮʠʷ
DSSC+ UC. ʀʟʪʦʯʥʠʮʠʪʝ ʥʘ ʯʝʨʚʝʥʘ ʩʚʝʪʣʠʥʘ ʩʘ ʠʣʠ ʣʘʟʝʨʝʥ ʜʠʦʜ ʩ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ l = 635 nm ʠ
ʠʥʪʝʥʟʠʚʥʦʩʪ ʦʪ 100 mW×cm-2 ʠʣʠ ʯʘʩʪ ʦʪ ʪʝʨʝʩʪʨʠʘʣʥʠʷ ʩʣʲʥʯʝʚ ʩʧʝʢʪʲʨ ʩ ʰʠʨʠʥʘ ʧʨʠʙʣʠʟʠʪʝʣʥʦ
Dl ~ 30 nm, ʧʨʠ ʮʝʥʪʨʘʣʥʘ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ l = 624 nm.

ʀʟʧʦʣʟʚʘʥʘʪʘ ʩʣʲʥʯʝʚʘ ʢʣʝʪʢʘ ʙʝ ʭʘʨʘʢʪʘʨʠʟʠʨʘʥʘ ʩʲʩ ʩʣʲʥʯʝʚ ʩʠʤʫʣʘʪʦʨ (LOT Oriel)

ʧʨʠ ʠʥʪʝʛʨʘʣʝʥ ʠʥʪʝʥʟʠʪʝʪ ʦʪ 100 mW×cm-2. ʇʨʠ ʪʝʟʠ ʫʩʣʦʚʠʷ DSSC-ʢʣʝʪʢʘʪʘ ʧʦʢʘʟʘ

ʧʣʲʪʥʦʩʪ ʥʘ ʪʦʢʘ Jsc = 14 mA×cm-2, ʩ ʝʬʝʢʪʠʚʥʘ ʤʦʱʥʦʩʪ ʥʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʦʪ 6.4 %.

ʂʨʠʚʘʪʘ ʥʘ IPCE ʧʦʢʘʟʚʘ, ʯʝ ʬʦʪʦʥʠ ʩ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʧʦ-ʛʦʣʝʤʠ ʦʪ l = 610 nm,

ʧʨʘʢʘʪʠʯʝʩʢʠ ʥʝ ʩʝ ʠʟʧʦʣʚʘʪ.

ɽʢʩʧʨʠʤʝʥʪʘʣʥʘʪʘ ʫʩʪʘʥʦʚʢʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛʫʨʘ 6.2b, ʧʣʦʱʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ

ʥʘ ʢʦʤʙʠʥʘʮʠʷʪʘ DSSC + UC ʝ 0.125 cm2, ʢʘʪʦ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʦʪʥʦʚʦ ʝ 100
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mW×cm-2. ʐʠʨʠʥʘʪʘ ʥʘ ʘʙʩʦʨʙʮʠʦʥʥʠʷ ʩʧʝʢʪʲʨ ʥʘ UC – ʢʦʥʚʝʨʪʦʨʘ ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ

Dl = 30 nm, ʪʘʢʘ ʯʝ ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʘʥʝ ʥʘ ʪʝʨʝʩʪʨʠʘʣʥʦʪʦ ʩʣʲʥʯʝʚʦ ʠʟʣʲʯʚʝʥʝ ʦʪ

ʧʦʨʷʜʲʢʘ ʥʘ 26 ʧʲʪʠ (Mainz, Germany, 2006, August, 2pm) ʩʝ ʧʦʣʫʯʘʚʘ ʠʥʪʝʥʟʠʪʝʪ ʥʘ

ʚʲʟʙʫʞʜʘʥʝ ʦʪ 100 mW×cm-2.

ɺʦʣʪ-ʘʤʧʝʨʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ DSSC-ʢʣʝʪʢʘ, ʨʘʙʦʪʝʱʘ ʩ up-ʢʦʥʚʝʨʪʠʨʘʥ

ʬʦʪʦʥʝʥ ʧʦʪʦʢ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛʫʨʘ 6.3 (ʩʠʥʠʪʝ ʢʚʘʜʨʘʪʠ). ʀʟʤʝʨʚʘʥʠʷʪʘ ʙʝʟ up-

ʢʦʥʚʝʨʪʦʨ ʩʘ ʧʨʦʚʝʜʝʥʠ ʚ ʠʜʝʥʪʠʯʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠʷ, ʢʘʪʦ DSSC-ʢʣʝʪʢʘ ʝ

ʦʩʚʝʪʝʥʘ ʧʨʝʟ ʢʶʚʝʪʘ, ʩʲʜʲʨʞʘʱʘ ʩʘʤʦ ʧʨʦʟʨʘʯʥʠʷ ʤʘʪʨʠʯʝʥ ʤʘʪʝʨʠʘʣ (ʌʠʛʫʨʘ 6.3b).
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ʌʠʛʫʨʘ 6.3: (a) ī ɺʦʣʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ DSSC ʚʲʟʙʫʜʝʥʘ ʩ ʯʝʨʚʝʥʘ ʩʚʝʪʣʠʥʘ ī ʩʲʩ ʠ ʙʝʟ up-
ʢʦʥʚʝʨʪʦʨ. (b) ī ʌʦʪʦʛʨʘʬʠʷ ʥʘ ʬʫʥʢʮʠʦʥʠʨʘʱʘ ʢʦʤʙʠʥʘʮʠʷ ʦʪ DSSC + UC. ʄʦʣʷ, ʟʘʧʦʟʥʘʡʪʝ ʩʝ ʩ
ʬʠʣʤʚʠʷ ʤʘʪʝʨʠʘʣ, ʧʨʠʣʦʞʝʥ ʢʲʤ ʜʠʩʝʨʪʘʮʠʷʪʘ.

ɹʝʟ up-ʢʦʥʚʝʨʪʦʨ ʩʣʲʥʯʝʚʘʪʘ ʢʣʝʪʢʘ, ʚʲʟʙʫʜʝʥʘ ʩ 100 mW×cm-2 ʯʝʨʚʝʥʘ ʩʚʝʪʣʠʥʘ (ɚ =

635nm) ʜʝʤʦʥʩʪʨʠʨʘ ʤʥʦʛʦ ʥʠʩʢʘ ʧʣʲʪʥʦʩʪ ʥʘ ʪʦʢʘ (ʧʦ-ʤʘʣʲʢ ʦʪ 0.1 mA×cm-2), ʧʦʢʘʟʘʥ

ʥʘ ʌʠʛʫʨʘ 6.3a, (ʯʝʨʥʘʪʘ ʚʦʣʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ). ʇʨʠ ʦʩʚʝʪʷʚʘʥʝ ʥʘ DSSC-

ʢʣʝʪʢʘʪʘ ʧʨʝʟ up-ʢʦʥʚʝʨʪʦʨʘ (ʌʠʛʫʨʘ 6.3b) ʩʝ ʥʘʙʣʶʜʘʚʘ ʜʨʘʩʪʠʯʥʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ

ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʪʦʢʘ ʜʦ 1.2 mA×cm-2 (ʌʠʛʫʨʘ 6.3a, ʩʠʥʷʪʘ ʚʦʣʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ).

ʊʦʚʘ ʝ ʧʦʚʝʯʝ ʦʪ 12-ʢʨʘʪʥʦ ʫʚʣʠʯʝʥʠʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ DSSC-ʩʣʲʥʯʝʚʘ ʢʣʝʪʢʘ, ʟʘ

ʩʚʝʪʣʠʥʘ ʧʦʧʘʜʘʱʘ ʠʟʚʲʥ ʢʦʥʢʨʝʪʥʠʷ IPCE- ʩʧʝʢʪʲʨ.
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ʈʘʟʰʠʨʷʚʘʥʝ ʥʘ IR-ʛʨʘʥʠʮʘʪʘ ʟʘ ʢʠʩʣʦʨʦʜʥʘ
ʬʦʪʦʩʠʥʪʝʟʘ ʯʨʝʟ ʘʥʠʭʠʣʘʮʠʦʥʥʘ up-ʢʦʥʚʝʨʩʠʷ
ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʝ ʧʦʢʘʟʘʥʦ ʢʫʣʪʠʚʠʨʘʥʝʪʦ ʥʘ ʬʦʪʦʩʠʥʪʝʟʠʨʘʱʠ ʙʘʢʪʝʨʠʠ

ʯʨʝʟ up-ʢʦʥʚʝʨʪʠʨʘʥʘ IR-A.

ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʪʦ ʠʟʣʲʯʚʘʥʝ (PAR, ʨhotosynthetically active radiation)

ʜʝʬʠʥʠʨʘ ʩʧʝʢʪʨʘʣʥʘʪʘ ʦʙʣʘʩʪ ʦʪ ʩʣʲʥʯʝʚʠʷʪ ʩʧʝʢʪʲʨ (ʦʪ ʦʢʦʣʦ l = 400 ʜʦ l = 710 nm),

ʢʦʡʪʦ ʝ ʠʟʧʦʣʟʚʘʝʤ ʟʘ ʩʠʥʪʝʥʟʠʨʘʥʝ ʥʘ ʚʲʛʣʝʚʦʜʦʨʦʜʠ. ʀʥʬʨʘʯʝʨʚʝʥʘʪʘ ʛʨʘʥʠʮʘ ʟʘ

ʢʠʩʣʦʨʦʜʥʘ ʬʦʪʦʩʠʥʪʝʟʘ ʝ ʜʝʬʠʥʠʨʘʥʘ ʦʪ ʮʝʥʪʨʘʣʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʧʦʛʣʲʱʘʥʝ (l = 706

nm) ʥʘ Chlorophyll F, ʠʟʧʦʣʟʚʘʥ ʦʪ ʩʪʨʦʤʘʪʦʣʠʪʠʪʝ (ʩʲʦʙʱʝʩʪʚʘ ʥʘ ʮʠʘʥʦʙʘʢʪʝʨʠʠ).

ʈʘʟʰʠʨʷʚʘʥʝʪʦ ʥʘ PAR – ʛʨʘʥʠʮʘʪʘ ʜʦ IR-ɸ ʩʧʝʢʪʨʘʣʥʘʪʘ ʦʙʣʘʩʪ ʠʤʘ

ʬʫʥʜʘʤʝʥʪʘʣʥʦ ʟʥʘʯʝʥʠʝ, ʠ ʜʦ ʧʨʦʣʝʪʪʘ ʥʘ 2012 ʛ. ʥʝ ʙʝʰʝ ʧʨʝʜʣʦʞʝʥʦ ʩʲʦʪʚʝʪʥʦ

ʪʝʭʥʦʣʦʛʠʯʥʦ ʨʝʰʝʥʠʝ. ʅʘ ʌʠʛʫʨʘ 7.2 ʩʘ ʩʲʧʦʩʪʘʚʝʥʠ ʩʧʝʢʪʨʠʪʝ ʥʘ ʧʦʛʣʲʱʘʥʝ (ʢʘʬʷʚʘʪʘ

ʣʠʥʠʷ) ʥʘ TTA-UC ʩʠʩʪʝʤʘ, ʙʘʟʠʨʘʥʘ ʥʘ ʩʝʤʝʡʩʪʚʦ-PdTAP / rubrene, up-ʢʦʥʚʝʨʪʠʨʘʥʘʪʘ

ʝʤʠʩʠʷ (ʟʝʣʝʥʘʪʘ ʣʠʥʠʷ) ʠ ʩʧʝʢʪʲʨʲʪ ʥʘ ʧʦʛʣʲʱʘʥʝ ʥʘ R-phycoerythrin (ʦʨʘʥʞʝʚʘʪʘ

ʣʠʥʠʷ: ʪʦʚʘ ʝ ʩʲʧʲʪʩʪʚʘʱʦʪʦ ʙʘʛʨʠʣʦ, ʩʲʜʲʨʞʘʱʦ ʩʝ ʚ ʨʝʜʠʮʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ

ʩʝʤʝʡʩʪʚʦ Algaʝ, ʠ ʫʩʢʦʨʷʚʘʱʦ ʧʨʦʮʝʩʘ ʥʘ ʢʠʩʣʦʨʦʜʥʘ ʬʦʪʦʩʠʥʪʝʟʘ).

ʌʠʛʫʨʘ 7.2: Uʨ-ʢʦʥʚʝʨʩʠʷ  ʥʘ IR-A ʩʧʝʢʪʨʘʣʥʘʪʘ ʦʙʣʘʩʪ ʢʲʤ ʚʠʜʠʤʘ ʩʚʝʪʣʠʥʘ. ʉʠʚʘʪʘ ʣʠʥʠʷ – ʩʣʲʥʯʝʚ
ʩʧʝʢʪʲʨ (AM 1.5), ʢʘʬʷʚʘ – ʘʙʩʦʨʙʮʠʷ ʥʘ ʩʝʤʝʡʩʪʚʦ-TAP ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠ, ʟʝʣʝʥʘ ʣʠʥʠʷ – UC ʝʤʠʩʠʷ,
ʦʨʘʥʞʝʚʘ ʣʠʥʠʷ – ʘʙʩʦʨʙʮʠʷ ʥʘ R-phycoerythrin.

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʌʠʛʫʨʘ 7.2 ʥʘʣʠʮʝ ʝ ʧʦʯʪʠ ʧʝʨʬʝʢʪʥʦ ʧʨʠʧʦʢʨʠʚʘʥʝ ʥʘ ʩʧʝʢʪʨʠʪʝ ʥʘ

UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ l = 560 nm (rubrene) ʠ ʘʙʩʦʨʙʮʠʦʥʥʠʷʪ ʩʧʝʢʪʲʨ ʥʘ

ʬʦʪʦʩʠʥʪʝʟʠʨʘʱʠʪʝ ʙʘʢʪʝʨʠʠ (R-phycoerythrin).
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ʌʠʛʫʨʘ 7.3: (a) – ʉʭʝʤʘʪʠʯʥʦ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʛʝʦʤʝʪʨʠʷ. (b) – ʌʦʪʦʛʨʘʬʠʷ ʥʘ ʨʘʙʦʪʝʱ UC – ʦʙʨʘʟʝʮ
ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ, ʚʲʟʙʫʞʜʘʥʝ - l = 808 nm; UC – ʜʚʦʡʢʘ (PdTAP (3×10-5 M) / rubrene (6×10-4 M) /
phenylheptadecane); ʆʙʨʘʟʮʠ – ʧʨʠʛʦʪʚʝʥʠ ʚ ʘʟʦʪʝʥ glove-box.

ɿʘ ʜʝʤʦʥʩʪʨʠʨʘʥʝ ʥʘ UC-ʧʨʝʜʠʟʚʠʢʘʥʘ ʬʦʪʦʩʠʥʪʝʟʘ, ʢʫʣʪʫʨʘ ʦʪ Synechocystis spec. ʙʝʰʝ

ʦʩʚʝʪʝʥʘ ʧʨʝʟ UC-ʦʙʨʘʟʝʮ (ʌʠʛʫʨʘ 7.3b), ʚʲʟʙʫʜʝʥ ʩʲʩ ʩʚʝʪʣʠʥʘ ʩ l = 808 nm (1W×cm-2

ʠʥʪʝʥʟʠʚʥʦʩʪ) ʟʘ 8 ʯʘʩʦʚʠ ʧʝʨʠʦʜʠ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ 5 ʜʥʠ. ʉʲʱʝʚʨʝʤʝʥʥʦ, ʜʚʝ

ʢʦʥʪʨʦʣʥʠ ʢʫʣʪʫʨʠ ʙʷʭʘ ʠʥʢʫʙʠʨʘʥʠ: ʝʜʥʘʪʘ ʙʝʰʝ ʜʲʨʞʘʥʘ ʥʘ ʪʲʤʥʦ ʠ ʝʜʥʘ ʙʝʰʝ

ʠʟʣʦʞʝʥʘ ʥʘ ʜʥʝʚʥʦ ʦʩʚʝʪʣʝʥʠʝ, ʟʘ ʘʥʘʣʦʛʠʯʥʠ ʧʝʨʠʦʜʠ ʥʘ ʘʢʪʠʚʥʦʩʪ. ʅʘ ʌʠʛʫʨʘ 7.4b ʩʘ

ʩʲʧʦʩʪʘʚʝʥʠ ʙʘʢʪʝʨʠʘʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ (ʠʟʤʝʨʝʥʠ ʯʨʝʟ ʢʦʥʪʨʦʣ ʥʘ ʘʙʩʦʨʙʮʠʷʪʘ ʥʘ

ʦʙʨʘʟʮʠʪʝ), ʨʘʟʚʠʣʠ ʩʝ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʥʘ ʠʣʶʤʠʥʘʮʠʷ – ʟʘʙʝʣʷʟʚʘ ʩʝ ʯʝ ʧʨʠ UC-

ʦʩʚʝʪʣʝʥʠʝ ʙʘʢʪʝʨʠʘʣʥʘʪʘ ʢʫʣʪʫʨʘ ʥʘʨʘʩʪʚʘ ʜʦʨʠ ʧʦ-ʩʠʣʥʦ, ʦʪʢʦʣʢʦʪʦ ʧʨʠ ʜʥʝʚʥʦ

ʦʩʚʝʪʣʝʥʠʝ).

ʌʠʛʫʨʘ 7.4: (a) – ɸʙʩʦʨʙʮʠʦʥʥʠ ʩʧʝʢʪʨʠ ʥʘ ʨʘʟʣʠʯʥʠ ʮʠʘʥʦʙʘʢʪʝʨʠʠ ʚ ʭʨʘʥʠʪʝʣʥʘ ʩʨʝʜʘ. (b) – ʅʘʨʘʩʪʚʘʥʝ
ʥʘ ʙʘʢʪʝʨʠʘʣʥʠʷ ʘʥʩʘʤʙʲʣ ʦʪ Synechocystis spec. ʧʨʠ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ ʥʘ ʠʣʶʤʠʥʘʮʠʷ, ʦʮʝʥʝʥʠ ʧʦ ʤʝʪʦʜʘ
ʥʘ ʘʙʩʦʨʙʮʠʦʥʥʘʪʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ: ʩʚʝʪʣʦ ʩʠʚʦ – ʜʝʥ 0; ʪʲʤʥʦ ʩʠʚʦ – ʜʝʥ 5.

ʊʦʟʠ ʝʢʩʧʝʨʠʤʝʥʪ ʙʝʰʝ ʧʦʚʪʦʨʝʥ ʟʘ ʦʱʝ ʜʚʘ ʪʠʧʘ ʮʠʘʥʦʙʘʢʪʝʨʠʠ (ʌʠʛʫʨʘ 7.4ʘ). ʉ ʪʦʟʠ

ʝʢʩʧʝʨʠʤʝʥʪ ʙʝʰʝ ʜʦʢʘʟʘʥʦ ʧʨʠʥʮʠʧʥʦ [G4], ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʢʫʣʪʠʚʠʨʘʥʝʪʦ ʥʘ

ʬʦʪʦʩʠʥʪʝʟʠʨʘʱʠ ʙʘʢʪʝʨʠʠ, ʧʨʠ ʚʲʟʙʫʞʜʘʥʝ ʩ ʠʥʬʨʘʯʝʨʚʝʥʘ ʩʚʝʪʣʠʥʘ.
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ɻʃɸɺɸ 8

ɼʠʬʫʟʠʦʥʥʦ ʢʦʥʪʨʦʣʠʨʘʥ ʝʥʝʨʛʠʝʥ ʪʨʘʥʩʧʦʨʪ ʚ ʧʣʲʪʥʦ
ʟʘʩʝʣʝʥʠ ʦʨʛʘʥʠʯʥʠ ʪʨʠʧʣʝʪʥʠ ʘʥʩʘʤʙʣʠ
ʄʦʪʠʚʘʮʠʷ: ʇʨʦʮʝʩʲʪ ʥʘ TTA-UC ʩʝ ʙʘʟʠʨʘ ʥʘ ʩʲʟʜʘʜʝʥʠ ʧʦ ʦʧʪʠʯʝʩʢʠ ʧʲʪ ʪʨʠʧʣʝʪʥʠ

ʘʥʩʘʤʙʣʠ, ʩʣʝʜʦʚʘʪʝʣʥʦ, ʪʨʘʥʩʬʝʨʲʪ ʥʘ ʝʥʝʨʛʠʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʦʪ Dexter-ʪʠʧ – ʪ.ʝ.

ʯʨʝʟ ʜʠʨʝʢʪʝʥ ʦʙʤʝʥ ʥʘ ʝʣʝʢʪʨʦʥʠ (ʌʠʛʫʨʘ 8.1) ʤʝʞʜʫ ʫʯʘʩʪʚʘʱʠʪʝ ʦʨʛʘʥʠʯʥʠ

ʤʦʣʝʢʫʣʠ [35, 36]. ɽʢʩʧʣʠʮʠʪʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʠ ʜʚʘʪʘ ʧʨʦʮʝʩʘ – TTT ʠ TTA

– ʩʘ ʧʨʠʥʫʜʝʥʠ ʜʘ ʠʟʧʦʣʟʚʘʪ Dexter-ʪʠʧ ʤʝʭʘʥʠʟʤʘ. ʉʣʝʜʚʘʡʢʠ ʢʣʘʩʠʯʝʩʢʦʪʦ

ʧʨʝʜʩʪʘʚʷʥʝ, Dexter-ʪʠʧ ʦʙʤʝʥ ʩʝ ʠʟʚʲʨʱʚʘ ʩʘʤʦ ʥʘ ʤʘʣʢʠ ʜʠʩʪʘʥʮʠʠ [181], ʪʠʧʠʯʥʦ

10 Å, ʢʘʪʦ   ʩʝ ʜʘʚʘ ʦʪ ʠʟʨʘʟʘ: )L/r2exp(J~kDET - , ʢʲʜʝʪʦ J ʝ ʠʥʪʝʛʨʘʣʘ ʥʘ ʩʧʝʢʪʨʘʣʥʦ

ʧʨʠʧʦʢʨʠʚʘʥʝ, ʦʧʨʝʜʝʣʝʥ ʦʪ ὐ = ᷿ Ὢ (‗)‭(‗)‗ Ὠ‗ , ʢʘʪʦ r ʝ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʜʦʥʦʨ

– ʘʢʮʝʧʪʦʨ, ʘ L ʝ ʩʫʤʘʪʘ ʦʪ Van der Waals ʨʘʜʠʫʩʠʪʝ ʥʘ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ.

ʂʣʘʩʠʯʝʩʢʘʪʘ p-ʪʠʧ ʟʘʢʲʩʥʷʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʧʨʠ ʢʦʷʪʦ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʠʪʝ ʙʘʛʨʠʣʥʠ

ʤʦʣʝʢʫʣʠ ʩʘ ʢʦ-ʢʨʠʩʪʘʣʠʟʠʨʘʣʠ ʚ ʤʘʪʨʠʮʘ ʥʘ ʦʨʛʘʥʠʯʝʥ ʢʨʠʩʪʘʣ ʩʝ ʦʧʠʩʚʘ ʜʦʙʨʝ ʦʪ

ʢʣʘʩʠʯʝʩʢʠʷʪ ʤʦʜʝʣ [35, 36]. ʀ ʚʲʚ ʤʦʤʝʥʪʘ, ʧʨʦʮʝʩʲʪ ʥʘ TTA-UC ʚ ʤʝʢʘ ʤʘʪʝʨʠʷ (ʜʦ

ʣʷʪʦʪʦ ʥʘ 2018 ʛ.) ʧʨʦʜʲʣʞʘʚʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʚ ʢʣʘʩʠʯʝʩʢʘʪʘ ʩʭʝʤʘ [ʦʪ 182 ʜʦ 187], ʧʨʠʝʪʘ

ʚ ʜʠʨʝʢʪʥʘ ʬʦʨʤʘ ʦʪ ʢʣʘʩʠʯʝʩʢʠʪʝ ʤʦʥʦʛʨʘʬʠʠ [35, 36].

ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʩʲʱʝʩʪʚʫʚʘʪ ʤʥʦʞʝʩʪʚʦ ʤʘʪʝʨʠʘʣʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ, ʜʝʤʦʥʩʪʨʠʨʘʱʠ, ʯʝ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ TTA-ʧʨʦʮʝʩʲʪ ʚ ʤʝʢʘ

ʤʘʪʝʨʠʷ ʩʝ ʦʪʣʠʯʘʚʘ ʜʨʘʩʪʠʯʥʦ ʦʪ TTA-ʧʨʦʮʝʩʘ ʚ ʦʨʛʘʥʠʯʥʠ ʢʨʠʩʪʘʣʠ:

(1) – ɽʥʝʨʛʠʷʪʘ ʥʘ ʚʲʟʙʫʜʝʥʠʪʝ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ ʥʘ „ʪʚʲʨʜʦʪʝʣʥʠʷʪ ʨʘʟʪʚʦʨʠʪʝʣ“

(ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʦʨʛʘʥʠʯʥʠʷ ʢʨʠʩʪʘʣ) ʩʘ ʩʨʘʚʥʠʤʠ ʩ ʝʥʝʨʛʠʷʪʘ ʥʘ ʚʲʟʙʫʜʝʥʠʪʝ ʪʨʠʧʣʝʪʥʠ

ʩʲʩʪʦʷʥʠʷ ʥʘ ʚʟʦʠʤʦʜʝʡʩʪʚʘʱʠʪʝ ʤʦʣʝʢʫʣʠ, ʢʦʝʪʦ ʧʦʜʢʨʝʧʷ ʤʝʭʘʥʠʟʤʘ ʥʘ ʢʣʘʩʠʯʝʩʢʦ

ʪʫʥʝʣʠʨʘʥʝ:

( ) eV2.0EE triplet
donor

triplet
crystal ¢-D                                                    (8.1)

ʇʨʦʪʠʚʦʧʦʣʦʞʥʦ, ʚ ʤʘʪʨʠʮʘ ʥʘ ʤʝʢʘ ʤʘʪʝʨʠʷ (ʠʣʠ ʭʠʜʨʦʬʦʙʝʥ ʨʘʟʪʚʦʨʠʪʝʣ), ʪʘʟʠ

ʝʥʝʨʛʠʪʠʯʥʘ ʨʘʟʣʠʢʘ ʝ ʧʦʚʝʯʝ ʦʪ 10 ʧʲʪʠ ʧʦ-ʚʠʩʦʢʘ [188]; ʪ.ʝ ʢʣʘʩʠʯʝʩʢʠʷʪ ʤʝʭʘʥʠʟʲʤ ʥʘ

ʪʫʥʝʣʠʨʘʥʝ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʝʬʝʢʪʠʚʥʦ:

( ) eV2EE triplet
sensitizer

triplet
solvent >>-D                                                  (8.2)

(2) – ʂʣʘʩʠʯʝʩʢʠʪʝ (ʨʘʟʪʚʦʨʝʥʠ ʚ ʢʨʠʩʪʘʣʥʘ ʤʘʪʨʠʮʘ) TTA-ʩʠʩʪʝʤʠ ʥʝ ʩʘ ʯʫʚʩʪʚʠʪʝʣʥʠ

ʢʲʤ ʤʘʣʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ (DT ~ 10K) – ʪ.ʝ. ʩʠʩʪʝʤʠʪʝ ʩʘ “ʟʘʤʨʲʟʥʘʣʠ”,
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ʢʦʝʪʦ ʦʙʝʩʥʷʚʘ ʩʲʱʦ ʠ ʠʟʯʝʟʚʘʱʘʪʘ (QY ~ 10-4) ʢʚʘʥʪʦʚʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʢʣʘʩʠʯʝʩʢʠʷʪ

TTA-ʧʨʦʮʝʩ [35, 36]. ʇʨʦʪʠʚʦʧʦʣʦʞʥʦ, ʚ ʤʘʪʨʠʮʘ ʥʘ ʤʝʢʘ ʤʘʪʝʨʠʷ TTA-ʩʠʩʪʝʤʠ ʩʘ

ʯʫʚʩʪʚʠʪʝʣʥʠ ʢʲʤ ʣʦʢʘʣʥʠ, ʝʢʩʪʨʝʤʘʣʥʦ ʤʘʣʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ (DT ~ 0.1 K)

ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʚʠʩʢʦʟʥʦʩʪʪʘ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣʷ. ʉʲʦʪʚʝʪʥʦ, ʢʚʘʥʪʦʚʠʷʪ ʜʦʙʠʚ ʝ ʧʦʚʝʯʝ

ʦʪ 1000 ʧʲʪʠ ʧʦ-ʚʠʩʦʢ, ʪ.ʝ. QY ~ 10-1 [ʦʪ 182 ʜʦ 187].

ʌʠʛʫʨʘ 8.2: ʆʧʨʦʩʪʝʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʭʝʤʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA-UC ʚ ʙʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ ʥʘ ʤʝʢʘ ʤʘʪʝʨʠʷ.
ʀʥʩʝʪʠ: ʩʪʨʫʢʪʫʨʠ ʥʘ ʜʚʦʡʢʘʪʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ / ʝʤʠʪʝʨ : meso-tetraphenyl-tetrabenzo [2,3] porphyrin
palladium (II) (PdTBP) ʠ – perylene, ʩʲʦʪʚʝʪʥʦ.

(3) – ɼʨʫʛʦ ʠʥʪʨʠʛʫʚʘʱʦ ʷʚʣʝʥʠʝ, ʥʘʙʣʶʜʘʚʘʥʦ ʚ TTA-UC ʩʠʩʪʝʤʠ ʚ ʤʘʪʨʠʮʠ ʦʪ ʤʝʢʘ

ʤʘʪʝʨʠʷ, ʥʝ ʝ ʥʘʤʝʨʠʣʦ ʜʦʩʝʛʘ (ʣʷʪʦʪʦ ʥʘ 2020) ʧʲʣʥʦʮʝʥʥʦ ʦʙʷʩʥʝʥʠʝ. ʇʨʠ ʝʥʝʨʛʝʪʠʯʥʦ

ʦʧʪʠʤʠʟʠʨʘʥʘ TTA-UC ʩʠʩʪʝʤʘ, ʪʨʠʧʣʝʪʥʦʪʦ ʥʠʚʦ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʝ ʥʘʧʲʣʥʦ

ʦʙʝʟʩʝʣʝʥʦ (ʥʘʙʣʶʜʘʚʘ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʯʨʝʟ ʧʲʣʥʦʪʦ ʧʦʜʪʠʩʢʘʥʝ ʥʘ ʦʩʪʘʪʲʯʥʘʪʘ

ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, ʢʘʬʷʚʘʪʘ ʩʪʨʝʣʢʘ ʥʘ ʌʠʛʫʨʘ 8.2). ʆʙʨʘʪʥʠʷʪ ʧʨʦʮʝʩ – ʪ.ʝ. ʟʘʩʝʣʚʘʥʝ ʥʘ

ʪʨʠʧʣʝʪʥʦʪʦ ʥʠʚʦ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʯʨʝʟ ʪʨʠʧʣʝʪʥʦʪʦ ʥʠʚʦ ʥʘ ʝʤʠʪʝʨʘ ʥʝ ʝ

ʥʘʙʣʶʜʘʚʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ (ʌʠʛʫʨʘ 8.2, TTT-ʧʨʦʮʝʩʘ). ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ

ʜʚʝʪʝ ʪʨʠʧʣʝʪʥʠ ʥʠʚʘ ʠʤʘʪ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʚʘ ʝʥʝʨʛʠʷ, ʤʦʣʘʨʥʘ ʢʦʮʝʥʪʨʘʮʠʷ.

ɺʨʝʤʝʪʦ ʥʘ ʞʠʚʦʪ ʥʘ ʥʝ-ʧʝʨʪʫʨʙʠʨʘʥʦʪʦ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʦ ʥʠʚʦ ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 1000

ʧʲʪʠ ʧʦ-ʤʘʣʢʦ ʦʪ ʪʦʚʘ ʥʘ ʝʤʠʪʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ. ʀʟʛʣʝʞʜʘ, ʯʝ ʩʤʝʩʝʥʠʪʝ ʤʦʣʝʢʫʣʥʠ

ʩʠʩʪʝʤʠ (ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ/ʝʤʠʪʝʨ) ʪʝʥʜʠʨʘʪ ʜʘ ʫʜʲʣʞʘʚʘʪ ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʥʘ

ʚʲʟʙʫʜʝʥʦ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ, ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʘ ʩʝ ʧʨʦʪʠʚʠʧʦʩʪʘʚʷʪ ʥʘ ʧʨʦʮʝʩʘ ʥʘ

ʜʠʩʠʧʘʮʠʷ ʥʘ ʝʥʝʨʛʠʷ.

8.1. ʌʫʥʜʘʤʝʥʪʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʣʦʞʝʥʠ ʥʘ TTA-
UC ʦʪ ʜʠʬʫʟʠʷʪʘ
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ɺʩʠʯʢʠ ʩʲʱʝʩʪʚʫʚʘʱʠ ʤʦʜʝʣʠ ʥʘ TTA-UC [ʦʪ 182 ʜʦ 187] ʜʝʢʣʘʨʠʨʘʪ, ʯʝ

ʘʥʠʭʠʣʘʮʠʦʥʥʠʷʪ ʧʨʦʮʝʩ ʝ ʜʠʬʫʟʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥ, ʧʨʠʝʤʘʡʢʠ ʠʥʜʠʨʝʢʪʥʦ ʯʝ

ʬʠʟʠʯʝʩʢʘʪʘ ʜʠʬʫʟʠʷ ʥʘ ʤʦʣʝʢʫʣʠ ʚʲʚ ʚʲʟʙʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʝ ʦʩʥʦʚʥʠʷʪ ʬʠʟʠʯʝʩʢʠ

ʤʝʭʘʥʠʟʲʤ, ʪ.ʝ. ʟʘ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ TTA-UC ʧʨʦʮʝʩ, ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʪʝ ʠ ʝʤʠʪʝʨʥʠ

ʤʦʣʝʢʫʣʠ, ʪʨʷʙʚʘ ʜʘ ʜʠʬʫʥʜʠʨʘʪ ʩ ʮʝʣ ʜʘ ʙʲʜʘʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʙʣʠʟʦʩʪ – ʪʘʢʘ ʯʝ ʩʝ

ʦʩʲʱʝʩʪʚʷʚʘ Dexter-ʪʠʧ ʝʥʝʨʛʠʝʥ ʪʨʘʥʩʬʝʨ.

ʄʦʷʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʦʧʠʪ ʚ ʦʙʣʘʩʪʪʘ ʥʘ TTA-UC ʚ ʤʘʪʨʠʮʘ ʥʘ ʤʝʢʘ ʤʘʪʝʨʠʷ

ʤʠ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʩʲʤʥʷʚʘʤ ʚ ʪʘʟʠ ʬʠʟʠʯʝʩʢʘ ʢʘʨʪʠʥʘ.

ʌʠʛʫʨʘ 8.3: (a) – ʉʪʨʫʢʪʫʨʠ ʥʘ ʪʠʧʠʯʥʘ TTA-UC ʜʚʦʡʢʘ: ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ - meso-tetraphenyl-tetrabenzo [2,3]
porphyrin palladium (II) (PdTBP); ʝʤʠʪʝʨ - 3-(4-Tert-butylphenyl)perylene (BPP) ʠ ʨʘʟʪʚʦʨʠʪʝʣ 1-
Phenylhexadecane (PHD). (b) – ʉʭʝʤʘʪʠʯʥʦ, ʩʨʝʜʥʦ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ 2-ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠ ʠ 2-ʝʤʠʪʝʨʥʠ
ʤʦʣʝʢʫʣʠ, ʟʘ ʪʠʧʠʯʥʠ TTA-UC ʤʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ: 1×10-5M ʟʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ, 2×10-4M ʟʘ ʝʤʠʪʝʨ.

(4) – ʄʝʪʘʣʠʟʠʨʘʥʠʪʝ ʤʘʢʨʦʮʠʢʣʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʝʬʝʢʪʠʚʥʦ ʢʘʪʦ ʦʧʪʠʯʝʩʢʠ ʦʛʨʘʥʠʯʠʪʝʣʠ

(optical limiters, [93, 189]). ɹʝʰʝ ʜʝʤʦʥʩʪʨʠʨʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ [93, 189], ʯʝ ʬʦʪʦʥʥʠʷʪ

ʧʦʪʦʢ, ʚʦʜʝʱ ʜʦ ʥʘʩʠʱʘʥʝ ʥʘ ʧʦʛʣʲʱʘʥʝʪʦ ʟʘ ʧʦʨʬʠʨʠʥʠ ʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 10×mJ×cm-2

(ʧʨʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʥʘʧʦʤʚʘʱʠʷ ʠʤʧʫʣʩ t = 500×10-12s, 1Hz), ʢʦʝʪʦ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ

ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʥʘʩʠʱʘʥʝ ʦʪ Isat = 20×MW×cm-2. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʧʨʠ ʪʘʢʘʚʘ ʠʥʪʝʥʟʠʚʥʦʩʪ

ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʚʩʠʯʢʠ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠ ʤʦʣʝʢʫʣʠ ʱʝ ʙʲʜʘʪ ʚʲʚ ʚʲʟʙʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ.

ʅʘ ʌʠʛʫʨʘ 8.3b ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʨʝʜʥʠʪʝ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʪʝ ʠ

ʝʤʠʪʝʨʥʠʪʝ ʤʦʣʝʢʫʣʠ ʧʨʠ ʭʘʨʘʢʪʝʨʥʠ ʤʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ; ʧʨʝʜʧʦʣʦʞʝʥʦ ʝ

ʭʦʤʦʛʝʥʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ (ʪ.ʝ. ʘʢʪʠʚʥʠʪʝ ʤʦʣʝʢʫʣʠ ʩʘ ʜʦʙʨʝ ʨʘʟʪʚʦʨʝʥʠ, ʠ ʥʝ ʩʝ

ʥʘʙʣʶʜʘʚʘ ʘʛʨʝʛʘʮʠʷ). ʊʦʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʝ ʚ ʩʲʟʚʫʯʠʝ ʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ,

ʜʦʢʘʟʚʘʱʠ, ʯʝ ʘʛʨʝʛʘʮʠʷʪʘ ʝ ʢʦʥʪʨʘ-ʧʨʦʜʫʢʪʠʚʥʘ ʟʘ QY ʚ ʩʣʫʯʘʷ ʥʘ TTA-UC ʧʨʦʮʝʩ

[N37].

ʆʧʨʦʩʪʷʚʘʡʢʠ ʜʠʥʘʤʠʢʘʪʘ ʥʘ TTA-UC ʧʨʦʮʝʩʘ ʠ ʧʨʠʣʘʛʘʡʢʠ ʪʠʧʠʯʝʥ ʠʥʪʝʥʟʠʪʝʪ

ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʟʘ TTA-UC, 2UCTTA
exc mWcm20~I -- ³ , ʤʦʞʝ ʜʘ ʩʝ ʦʮʝʥʠ ʩʨʝʜʥʦʪʦ

ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ 2 ʚʲʟʙʫʜʝʥʠ ʤʦʣʝʢʫʣʠ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ:
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( ) m105m1055I/I~L 693/1UCTTA
excsat

--- ³>>³³D !                           (8.3)

(5) – ɼʠʬʫʟʠʦʥʥʠʷʪ ʢʦʝʬʠʮʠʝʥʪ D ʚ ʩʨʝʜʘ ʩ ʜʠʥʘʤʠʯʝʥ ʚʠʩʢʦʟʠʪʝʪ ɖ ʩʝ ʦʧʨʝʜʝʣʷ ʯʨʝʟ

Stokes-Einstein ʨʘʚʝʥʩʪʚʦʪʦ:

h

B

R6
Tk

D
hp

= , ʢʲʜʝʪʦ                                                          (8.4)

kB ʝ ʢʦʥʩʪʘʥʪʘʪʘ ʥʘ Boltzmann, T ʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ Rh ʝ ʭʠʜʨʦʜʠʥʘʤʠʯʥʠʷʪ ʨʘʜʠʫʩ ʥʘ

ʤʦʣʝʢʫʣʘʪʘ, ʦʮʝʥʝʥ ʥʘʧʨʠʤʝʨ ʩ ʌʣʫʦʨʝʩʮʝʥʪʥʘ ʂʦʨʝʣʘʮʠʦʥʥʘ ʉʧʝʢʪʨʦʩʢʦʧʠʷ (FCS)

[190]. ʂʚʘʜʨʘʪʲʪ ʥʘ ʩʨʝʜʥʦʪʦ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʨʘʟʪʚʦʨʝʥʘʪʘ ʤʦʣʝʢʫʣʘ 2)t(rMSD D=  ʟʘʚʠʩʠ

ʦʪ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʜʠʬʫʟʠʷ D ʠ ʚʨʝʤʝʪʦ ʥʘ ʥʘʙʣʶʜʝʥʠʝ (ʧʨʠʝʣʠ ʩʤʝ, ʯʝ ʪʦʚʘ ʝ ʚʨʝʤʝʪʦ

ʥʘ ʟʘʪʠʭʚʘʥʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʷ ʧʨʦʮʝʩ):

Dt6)t(rMSD 2 =D=                                                        (8.5)

ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ MSD ʝ ʧʨʝʤʝʩʪʚʘʥʝʪʦ ʥʘ ʤʦʣʝʢʫʣʘʪʘ, ʠʟʚʲʨʰʝʥ ʚ ʨʝʞʠʤ ʥʘ

random-walk – ʪ.ʝ. ʚʝʨʦʷʪʥʦʩʪʪʘ, ʜʘ ʩʝ ʥʘʤʝʨʠ ʤʦʣʝʢʫʣʘʪʘ ʚ ʩʬʝʨʘ ʩ ʨʘʜʠʫʩ MSD ʝ

ʧʨʠʙʣʠʟʠʪʝʣʥʦ 1. ɿʘ TTA-UC ʜʚʦʡʢʘʪʘ (ʧʦʢʘʥʘ ʥʘ ʌʠʛʫʨʘ 8.3), ʧʦʤʝʩʪʝʥʘ ʚ ʜʘʜʝʥʠʷ

ʨʘʟʪʚʦʨʠʪʝʣ, ʚʠʩʢʦʟʥʦʩʪʪʘ ʝ ɖPHD = 8.5×10-3 Pa×s; ʭʠʜʨʦʜʠʥʘʤʠʯʥʠʷʪ ʨʘʜʠʫʩ ʥʘ ʝʤʠʪʝʨʘ

(ʟʘ ʩʝʥʟʠʙʠʣʠʟʘʪʦʨʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʣʝʩʥʦ) Rh
BPP = 5.3×10-10m; ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ

DBPP = 7.4×10-10×m2×s-1 (ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ). ʇʨʠʝʤʘʤʝ, ʯʝ ʚʨʝʤʝʪʦ ʟʘ ʜʠʬʫʟʠʷ ʝ ʨʘʚʥʦ

ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʟʘʪʠʭʚʘʥʝ ʥʘ TTA-UC, ʪ.e. ὸ = ὸ = 100×10-6s, ʤʦʞʝ ʜʘ ʩʝ ʦʮʝʥʠ

MSD ʝʤʠʪʝʨʥʘʪʘ 3-(4-tert-butylphenyl)perylene ʤʦʣʝʢʫʣʘ:

m1035,0tD6MSD 6UCTTA
decayBPPBPP

-- ³¢³³=                             (8.6)

(6) – ɼʠʨʝʢʪʥʦʪʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ DL (eq. 8.3) ʠ MSDBPP (eq.8.6) ʧʦʢʘʟʚʘ

ʧʦʚʝʯʝ ʦʪ 1 ʧʦʨʷʜʲʢ ʨʘʟʣʠʢʘ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʜʠʨʝʢʪʥʦʪʦ ʧʨʠʣʘʛʘʥʝ ʥʘ ʬʠʟʠʯʝʩʢʠʷ

ʤʝʭʘʥʠʟʲʤ [35, 36] ʟʘ ʦʙʤʝʥ ʥʘ ʪʨʠʧʣʝʪʥʘ ʝʥʝʨʛʠʷ, ʙʘʟʠʨʘʥ ʩʘʤʦ ʥʘ ʪʨʘʥʩʧʦʨʪ ʥʘ

ʤʘʩʘʪʘ ʥʘ ʚʲʟʙʫʜʝʥʠ ʩʲʩʪʦʷʥʠʷ ʠʟʧʠʪʚʘ ʩʲʱʝʩʪʚʝʥʠ ʧʨʦʪʠʚʦʨʝʯʠʷ.

(6.1) ʆʱʝ ʧʦʚʝʯʝ, ʯʝ ʪʦʚʘ ʥʝ ʝ ʮʷʣʦʩʪʥʘʪʘ ʬʠʟʠʯʥʘ ʢʘʨʪʠʥʘ – ʜʦʧʲʣʥʠʪʝʣʥʦ, ʦʱʝ

ʧʦ-ʩʠʣʥʠ ʦʛʨʘʥʠʯʝʥʠʷ ʩʘ ʥʘʣʦʞʝʥʠ: MSD – ʧʨʝʜʩʪʚʣʷʚʘ random walk ʥʘ

ʜʠʬʫʥʜʠʨʘʱʘʪʘ ʤʦʣʝʢʫʣʘ, ʥʦ ʟʘ ʥʘʙʣʶʜʘʚʘʥʝ ʥʘ TTT-ʧʨʦʮʝʩ, ʠ ʧʦʩʣʝʜʚʘʱʦ ʥʘ TTA-

ʧʨʦʮʝʩ, ʚʟʘʠʤʦʜʝʡʩʪʚʘʱʠʪʝ ʤʦʣʝʢʫʣʠ ʪʨʘʙʚʘ ʜʘ ʙʲʜʘʪ ʧʦ ʝʜʥʦ ʠ ʩʲʱʦ ʚʨʝʤʝ ʥʘ ʝʜʥʦ ʠ

ʩʲʱʦ ʤʷʩʪʦ!

(6.2) ʊʦʚʘ, ʯʝ ʤʦʣʝʢʫʣʠʪʝ ʩʘ ʚʧʠʩʘʥʠ ʚ ʜʚʝ ʧʨʝʩʠʯʘʰʠ ʩʝ ʩʬʝʨʠ, ʥʝ ʦʟʥʘʯʘʚʘ, ʯʝ

ʚʟʘʠʤʦʜʝʡʩʪʚʘʱʠʪʝ ʤʦʣʝʢʫʣʠ ʩʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʙʣʠʟʦʩʪ (close proximity), ʢʦʝʪʦ ʝ

ʫʣʪʠʤʘʪʠʚʥʦ ʫʩʣʦʚʠʝ ʟʘ Dexter-ʪʠʧ ʝʥʝʨʛʠʝʥ ʪʨʘʥʩʬʝʨ.
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(6.3) ʇʦʩʣʝʜʥʦ, ʟʘ ʚʨʝʤʝʪʦ ʦʪ s10100tt 6UCTTA
decay

-- ³== , ʧʦʥʝ 3 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ

ʧʨʦʮʝʩʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʚʲʨʰʝʥʠ: i) TTT – ʛʝʥʝʨʘʮʠʷ ʥʘ ʧʲʨʚʦ ʝʤʠʪʝʨʥʦ ʪʨʠʧʣʝʪʥʦ

ʩʲʩʪʦʷʥʠʝ; ii) ʆʪʥʦʚʦ ʯʨʝʟ TTT – ʛʝʥʝʨʘʮʠʷ ʥʘ ʚʪʦʨʦ ʝʤʠʪʝʨʥʦ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ; iii)

TTA – ʛʝʥʝʨʘʮʠʷ ʥʘ ʝʤʠʪʝʨʥʦ ʩʠʥʛʣʝʪʥʦ ʥʠʚʦ, ʠ ʝʤʠʩʠʷ ʥʘ dF – ʬʦʪʦʥ.

ɺʩʠʯʢʠ ʪʝʟʠ ʦʩʦʙʝʥʦʩʪʠ ʥʘ TTA-UC ʚ ʤʘʪʨʠʮʘ ʥʘ ʤʝʢʘ ʤʘʪʝʨʠʷ, ʜʝʬʠʥʠʨʘʪ

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʜʘ ʩʝ ʪʲʨʩʠ ʬʠʟʠʯʝʩʢʠ ʤʝʭʘʥʠʟʲʤ, ʧʦʟʚʦʣʷʚʘʱ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ Dexter-

ʪʠʧ ʝʥʝʨʛʠʝʥ ʪʨʘʥʩʬʝʨ ʥʘ ʛʦʣʝʤʠ ʠʥʪʝʨʤʦʣʝʢʫʣʷʨʥʠ ʜʠʩʪʘʥʮʠʠ. ʇʦ ʤʦʝ ʤʥʝʥʠʝ,

ʪʦʚʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʤʦʣʝʢʫʣʥʘʪʘ ʨʘʪʦʮʠʦʥʥʘ ʜʠʬʫʟʠʷ (RD), ʪʲʡ ʢʘʪʦ ʜʠʬʫʟʠʦʥʥʠʷʪ

ʢʦʝʬʠʮʠʝʥʪ Dr ʝ ʧʦʥʝ 3 ʧʦʨʷʜʲʢʘ ʧʦ-ʛʦʣʷʤ ʦʪ ʪʦʟʠ ʟʘ ʪʨʘʥʩʧʦʨʪ ʥʘ ʤʘʩʘ (D):

3
h

B
r Rɖˊ8

Tk
D = , ʢʘʪʦ                                                           (8.7)

ʢʚʘʜʨʘʪʘ ʥʘ ʩʨʝʜʥʦʪʦ ʲʛʣʦʚʦ ʟʘʚʲʨʪʘʥʝ ʩʝ ʜʘʚʘ ʦʪ ʨʘʚʝʥʩʪʚʦʪʦ tD2 r
2 =DQ .

ʌʠʛʫʨʘ 8.4: ɽʢʩʧʝʨʠʤʝʪʥʘʣʥʘ ʩʭʝʤʘ ʟʘ ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʜʠʥʘʤʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ TTA-UC ʚ ʘʪʤʦʩʬʝʨʘ ʩ
ʢʦʥʪʨʦʣʠʨʘʥʦ (ʧʨʦʠʟʚʦʣʥʦ) ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʢʠʩʣʦʨʦʜ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʲʟʙʫʞʜʘʱʠʷ ʣʘʟʝʨ, ʮʝʥʪʨʘʣʥʘʪʘ
ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʥʘ notch-ʬʠʣʪʲʨʘ ʩʝ ʧʨʦʤʝʥʷ. ʄʦʛʘʪ ʜʘ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ – (i) ʟʘʧʝʯʘʪʘʥʠ ʪʝʯʥʠ
ʦʙʨʘʟʮʠ – ʧʨʠ ʥʘʣʷʛʘʥʝ ʦʪ 1 bar; – (ii) ʥʝʟʘʧʝʯʘʪʘʥʠ ʦʙʨʘʟʮʠ – ʬʠʣʤʠ, ʚʲʚ ʚʘʢʫʫʤ ʩ ʜʠʥʘʤʯʥʦ ʥʘʣʷʛʘʥʝ ʦʪ
1×10-5 torr ʠʣʠ ʚ ʠʥʞʝʥʠʨʠʥʛʦʚʘ ʘʪʤʦʩʬʝʨʘ. ʆʙʨʘʟʮʠʪʝ ʩʘ ʠʟʤʝʨʚʘʥʠ ʚ ʩʨʝʜʘ ʩ ʘʢʪʠʚʝʥ ʢʦʥʪʨʦʣ ʥʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʉ ʮʝʣ ʜʘ ʩʝ ʤʠʥʠʤʠʟʠʨʘ ʝʬʝʢʪʲʪ ʥʘ ʢʦʥʚʝʢʮʠʷ, ʪʝʯʥʠʪʝ ʦʙʨʘʟʮʠ ʩʘ ʠʟʤʝʨʚʘʥʠ ʚ
ʭʦʨʠʟʦʥʪʘʣʥʦ ʧʦʣʦʞʝʥʠʝ.

ʇʦ-ʜʦʣʫ ʱʝ ʙʲʜʘʪ ʧʨʝʜʩʪʘʚʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘ, ʯʝ:

(i) ɼʠʬʫʟʠʦʥʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʪʨʠʧʣʝʪʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘʜʭʚʲʨʣʷ ʚ ʧʦʨʷʜʲʮʠ

ʜʠʩʪʘʥʮʠʷʪʘ ʟʘ ʪʨʘʥʩʧʦʨʪ ʥʘ ʤʘʩʘ ʥʘ ʨʘʟʪʚʦʨʝʥʠ ʦʨʛʘʥʠʯʥʠ ʤʦʣʝʢʫʣʠ;
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(ii) ʇʨʦʮʝʩʲʪ ʥʘ TTA-UC ʚ ʤʘʪʨʠʮʘ ʦʪ ʤʝʢʘ ʤʘʪʝʨʠʷ ʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢʲʤ

ʠʟʢʣʶʯʠʪʝʣʥʦ ʤʘʣʢʠ ʣʦʢʘʣʥʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ (DT~0.1K) ʠʣʠ ʚʠʩʢʦʟʥʦʩʪʪʘ.

ʅʘ ʩʪʨʘʥʠʮʠ 184-193 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ ʩʘ ʦʧʠʩʘʥʠ ʧʦʜʨʦʙʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ

ʫʩʪʘʥʦʚʢʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ TTA-UC ʚ ʠʥʞʝʥʠʨʠʥʛʦʚʘ ʘʪʤʦʩʬʝʨʘ (ʌʠʛʫʨʘ 8.4) ʠ ʧʨʠ

ʧʦʩʪʦʷʥʝʥ ʢʦʥʪʨʦʣ ʥʘ ʩʝʯʝʥʠʝʪʦ ʥʘ ʧʝʪʥʦʪʦ ʥʘ ʚʲʟʙʫʞʜʘʥʝ, ʟʘʝʜʥʦ ʩ ʦʨʠʛʠʥʘʣʥʘʪʘ

ʨʘʟʨʘʙʦʪʢʘ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʩʨʝʜʘ ʩ ʣʦʛʘʨʠʪʤʠʯʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʢʠʩʣʦʨʦʜʥʦʪʦ

ʩʲʜʲʨʞʘʥʠʝ, ʚʘʨʠʨʘʱʠ ʦʪ ʧʲʣʥʦʮʝʥʥʘ ʭʠʧʦʢʩʠʷ ʜʦ ʥʦʨʤʦʢʩʠʷ ʠ ʧʦʜʜʲʨʞʘʥʝ ʥʘ

ʥʘʣʷʛʘʥʝʪʦ ʥʘ ʚʦʜʥʠʪʝ ʧʘʨʠ.

ɽʥʝʨʛʠʡʥʠʷʪ ʪʨʘʥʩʬʝʨ ʥʘ ʚʲʟʙʫʜʝʥʠ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ ʚ ʤʘʪʨʠʮʘ ʦʪ ʤʝʢʘ

ʤʘʪʝʨʠʷ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʝʬʝʢʪʠʚʝʥ: ʥʘ ʌʠʛʫʨʘ 8.11 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ QY

ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʝʜʠʥʠʯʝʥ (single solution) ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ, ʨʘʟʪʚʦʨʝʥ ʚ ʤʘʪʨʠʮʘ

ʥʘ ʤʝʢʘ ʤʘʪʝʨʠʷ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʜʠʘʤʝʪʲʨʘ ʥʘ ʧʝʪʥʦʪʦ ʥʘ ʚʲʟʙʫʞʜʘʥʝ.

ʌʠʛʫʨʘ 8.11: ɿʘʚʠʩʠʤʦʩʪ ʥʘ QY ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ PdTBP (2×10-5M, ʯʠʩʪ ʨʘʟʪʚʦʨ!) ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ
ʧʝʪʥʦʪʦ ʥʘ ʚʲʟʙʫʞʜʘʥʝ. ʀʥʪʝʥʟʠʪʝʪʲʪ ʟʘ ʚʩʷʢʦ ʧʝʪʥʦ ʝ ʢʦʥʩʪʘʥʪʝʥ, 32 mW×cm-2. ʋʩʣʦʚʠʷ: ʉʪʘʡʥʘ
ʪʝʤʧʝʨʘʪʫʨʘ; ɼʝʙʝʣʠʥʘ ʥʘ ʦʙʨʘʟʝʮʘ - 1000µm; ɺʲʟʙʫʞʜʘʱ ʣʘʟʝʨ – HeNe, lexc = 632.8 nm; Vitrotube® ʩʪʲʢʣʝʥ
ʦʙʨʘʟʝʮ, ʟʘʧʝʯʘʪʘʥ ʚ ʘʟʦʪʝʥ glove-box; ʂʠʩʣʦʨʦʜ < 2ppm; ʈʘʟʪʚʦʨʠʪʝʣ – 98 vol% ʪʦʣʫʦʣ / 2 vol% ʩʢʫʘʣʝʥ;

ɹʝʭʘ ʥʘʧʨʘʚʝʥʠ ʩʧʝʮʠʘʣʥʠ ʫʩʠʣʠʷ, ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʝʜʥʘʢʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ

ʚʲʟʙʫʜʝʥʠ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ ʚ ʧʝʪʥʦʪʦ ʥʘ ʥʘʧʦʤʚʘʥʝ: ʤʦʱʥʦʩʪʪʘ ʥʘ ʥʘʧʦʤʚʘʱʠʷ

ʣʘʟʝʨ ʙʝʰʝ ʧʨʦʤʝʥʷʥʘ ʪʘʢʘ, ʯʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʣʘʟʝʨʥʦʪʦ ʧʝʪʥʦ,

ʠʥʪʝʥʟʠʪʝʪʲʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʜʘ ʙʲʜʝ ʚʠʥʘʛʠ ʝʜʠʥ ʠ ʩʲʱ - 32 mW×cm-2. ʆʙʨʘʟʮʠʪʝ ʩʘ

ʧʨʠʛʦʪʚʝʥʠ ʠ ʟʘʧʝʯʘʪʘʥʠ ʚ ʘʟʦʪʝʥ glove box ʩ ʦʩʪʘʪʲʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜ ʧʦ-

ʤʘʣʢʘ ʦʪ 2 ppm, ʢʘʪʦ ʜʦʧʲʣʥʠʪʝʣʥʦ ʢʲʤ ʨʘʟʪʚʦʨʠʪʝʣʷ ʝ ʜʦʙʘʚʝʥ 2% ʩʢʫʘʣʝʥ (ʩʠʣʝʥ

ʢʦʥʩʫʤʘʪʦʨ ʥʘ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ), ʪʘʢʘ ʯʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʢʠʩʣʦʨʦʜʘ ʚʲʨʭʫ QY ʥʘ

ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʥʝʙʨʝʛʥʝ. ʅʘ ʌʠʛʫʨʘ 8.12 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʛʝʦʤʝʪʨʠʷʪʘ

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ.
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ʌʠʛʫʨʘ 8.12: ɻʝʦʤʝʪʨʠʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ.

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʌʠʛʫʨʘ 8.11 ʢʚʘʥʪʦʚʠʷʪ ʜʦʙʠʚ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʜʝʤʦʥʩʪʨʠʨʘ

(QYPh) ʩʠʣʥʘ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʧʝʪʥʦʪʦ ʥʘ ʚʲʟʙʫʞʜʘʥʝ: ʧʨʠ ʤʘʣʢʠ ʜʠʘʤʝʪʨʠ,

QYPh ʝ ʧʦʯʪʠ 6 ʧʲʪʠ ʧʦ-ʚʠʩʦʢ ʚ ʩʨʘʚʝʥʠʝ ʩ ʛʦʣʝʤʠʪʝ ʜʠʘʤʝʪʨʠ ʥʘ ʧʝʪʥʦʪʦ.

ʊʲʡ ʢʘʪʦ ʧʨʦʮʝʩʲʪ ʥʘ TTA-UC ʝ ʜʠʬʫʟʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥ ʧʨʦʮʝʩ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ

ʩʝ ʜʦʧʫʩʥʝ ʜʠʬʫʟʠʷ ʥʘ ʚʲʟʙʫʜʝʥʠ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ ʧʨʝʟ ʚʠʨʪʫʘʣʥʠʪʝ ʛʨʘʥʠʮʠ ʥʘ

ʧʝʪʥʦʪʦ ʥʘ ʥʘʧʦʤʚʘʥʝ. ʊʦʚʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ, ʦʩʦʙʝʥʦ ʘʢʦ QY ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA-

UC ʝ ʦʧʨʝʜʝʣʷʥ ʚ ʩʪʘʮʠʦʥʘʨʥʦ ʩʲʩʪʦʷʥʠʝ ʪ.ʝ., ʧʨʠ cw - ʥʘʧʦʤʚʘʥʝ.

ɼʠʬʫʟʠʷʪʘ ʥʘ ʚʲʟʙʫʜʝʥʠ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ ʚʦʜʠ ʜʦ ʜʦʙʨʝ ʠʟʤʝʨʷʝʤʘ

ʟʘʚʠʩʠʤʦʩʪ ʥʘ QYTTA-UC ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʨʘʟʤʝʨʘ ʥʘ ʧʝʪʥʦʪʦ ʥʘ ʚʲʟʙʫʞʜʘʥʝ. ʅʘ ʌʠʛʫʨʘ

8.12 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʂʘʪʦ ʠʟʪʦʯʥʠʮʠ ʥʘ ʥʘʧʦʤʚʘʥʝ ʩʘ

ʠʟʧʦʣʟʚʘʥʠ ʣʘʟʝʨʠ, ʪʘʢʘ ʯʝ ʜʠʘʤʝʪʲʨʲʪ ʥʘ ʧʝʪʥʦʪʦ ʥʘ ʥʘʧʦʤʚʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ

ʧʨʝʮʠʟʥʦ.

ʅʘ ʌʠʛʫʨʠ 8.13 ʠ 8.14 ʩʘ ʧʦʢʘʟʘʥʠ ʤʥʦʛʦ-ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ ʩʢʘʥʦʚʝ ʥʘ

ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ Q.Y.TTA-UC ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʧʣʦʱʪʘ ʥʘ ʧʝʪʥʦʪʦ ʥʘ ʚʲʟʙʫʞʜʘʥʝ, ʟʘʝʜʥʦ

ʩʲʩ ʩʲʱʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ QYPh (ʟʘ ʯʠʩʪ ʨʘʟʪʚʦʨ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ). ɽʜʥʦʚʨʝʤʝʥʥʦ ʩʘ

ʚʘʨʠʨʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʧʘʨʘʤʝʪʨʠ:

(i) ʆʪʥʦʩʠʪʝʣʥʘ ʤʦʣʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʩʠʥʩʠʙʠʣʠʟʘʪʦʨ / ʝʤʠʪʝʨ);

(ii) ʇʨʠ ʢʦʥʩʪʘʥʪʥʘ ʘʙʩʦʣʶʪʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ;

(iii) ʀʥʪʝʥʟʠʪʝʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ;

(iv) ɺʠʩʢʦʟʥʦʩʪ ʥʘ ʨʘʟʪʦʚʨʠʪʝʣʷ: ʥʘ ʌʠʛʫʨʘ 8.13 – ʛʦʣʷʤʘ ʚʠʩʢʦʟʥʦʩʪ (PS400) ʠ ʥʘ

ʌʠʛʫʨʘ 8.14 ʥʠʩʢʘ ʚʠʩʢʦʟʥʦʩʪ (toluene).
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ʌʠʛʫʨʘ 8.13: ɿʘʚʠʩʠʤʦʩʪ ʥʘ Q.Y. ʥʘ UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʧʣʦʱʪʘ ʥʘ ʧʝʪʥʦʪʦ ʥʘ
ʚʲʟʙʫʞʜʘʥʝ. ʀʥʪʝʥʟʠʪʝʪʲʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʝ ʢʦʥʩʪʘʥʪʘ ʠ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʚʩʷʢʘ ʬʠʛʫʨʘ, ʟʘ ʨʘʟʣʠʯʥʠ
ʦʪʥʦʩʠʪʝʣʥʠ ʤʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ (CS / CE) ʠ ʥʝʠʟʤʝʥʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, ʢʘʢʪʦ ʩʣʝʜʚʘ:
1/5 (ʣʠʣʘʚʠ ʧʝʪʦʲʛʲʣʥʠʮʘ,     ) - PdTBP (2×10-5M) / perylene (1×10-4M)
1/10 (ʩʠʥʠ ʢʨʲʛʦʚʝ,  ) - PdTBP (2×10-5M) / perylene (2×10-4M),
1/20 (ʟʝʣʝʥʠ ʢʚʘʜʨʘʪʠ,         ) - PdTBP (2×10-5M) / perylene (4×10-4M),
1/40 (ʩʚʝʪʣʦ ʟʝʣʝʥʠ ʨʦʤʙʦʚʝ,     ) - PdTBP (2×10-5M) / perylene (8×10-4M), and
        (ʯʝʨʚʝʥʠ ʢʨʲʛʦʚʝ,    ) – ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ ʯʠʩʪ ʨʘʟʪʚʦʨ ʥʘ PdTBP (2×10-5M).
ʋʩʣʦʚʠʷ: ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ T=22°C (ʘʢʪʠʚʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ); ɼʝʙʝʣʠʥʘ ʥʘ ʦʙʨʘʟʝʮʘ -
1000µm; ʃʘʟʝʨ – HeNe, lexc = 633 nm; Vitrotube® ʩʪʲʢʣʦ, ʟʘʧʝʯʘʪʘʥ ʚ ʘʟʦʪʝʥ glove-box, ʢʠʩʣʦʨʦʜ < 2ppm;
ʨʘʟʪʚʦʨʠʪʝʣ – 98 vol% PS400 / 2 vol% squalene; ʀʥʪʝʥʟʠʪʝʪʠ ʥʘ ʚʲʟʙʫʞʜʘʥʝ, ʢʘʢʪʦ ʩʣʝʜʚʘ: (a) – 0.64W×cm-

2; (b) – 1.86W×cm-2; (c) – 3.21W×cm-2; (d) – 6.43W×cm-2; (e) – 12.86W×cm-2; (f) – 32.15W×cm-2;
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ʌʠʛʫʨʘ 8.14: ɿʘʚʠʩʠʤʦʩʪ ʥʘ Q.Y. ʥʘ UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʧʣʦʱʪʘ ʥʘ ʧʝʪʥʦʪʦ ʥʘ
ʚʲʟʙʫʞʜʘʥʝ. ʀʥʪʝʥʟʠʪʝʪʲʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʝ ʢʦʥʩʪʘʥʪʘ ʠ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʚʩʷʢʘ ʬʠʛʫʨʘ, ʟʘ ʨʘʟʣʠʯʥʠ
ʦʪʥʦʩʠʪʝʣʥʠ ʤʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ (CS / CE) ʠ ʥʝʠʟʤʝʥʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, ʢʘʢʪʦ ʩʣʝʜʚʘ:
1/5 (ʣʠʣʘʚʠ ʧʝʪʦʲʛʲʣʥʠʮʘ,     ) - PdTBP (2×10-5M) / perylene (1×10-4M)
1/10 (ʩʠʥʠ ʢʨʲʛʦʚʝ,  ) - PdTBP (2×10-5M) / perylene (2×10-4M),
1/20 (ʟʝʣʝʥʠ ʢʚʘʜʨʘʪʠ,         ) - PdTBP (2×10-5M) / perylene (4×10-4M),
1/40 (ʩʚʝʪʣʦ ʟʝʣʝʥʠ ʨʦʤʙʦʚʝ,     ) - PdTBP (2×10-5M) / perylene (8×10-4M), and
        (ʯʝʨʚʝʥʠ ʢʨʲʛʦʚʝ,    ) – ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ ʯʠʩʪ ʨʘʟʪʚʦʨ ʥʘ PdTBP (2×10-5M).
ʋʩʣʦʚʠʷ: ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ T=22°C (ʘʢʪʠʚʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ); ɼʝʙʝʣʠʥʘ ʥʘ ʦʙʨʘʟʝʮʘ -
1000µm; ʃʘʟʝʨ – HeNe, lexc = 633 nm; Vitrotube® ʩʪʲʢʣʦ, ʟʘʧʝʯʘʪʘʥ ʚ ʘʟʦʪʝʥ glove-box, ʢʠʩʣʦʨʦʜ < 2ppm;
ʨʘʟʪʚʦʨʠʪʝʣ – 98 vol% toluene / 2 vol% squalene; ʀʥʪʝʥʟʠʪʝʪʠ ʥʘ ʚʲʟʙʫʞʜʘʥʝ, ʢʘʢʪʦ ʩʣʝʜʚʘ: (a) – 0.64W×cm-

2; (b) – 1.86W×cm-2; (c) – 3.21W×cm-2; (d) – 6.43W×cm-2; (e) – 12.86W×cm-2; (f) – 32.15W×cm-2;
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ɿʘʙʝʣʝʞʠʪʝʣʥʦ ʝ, ʯʝ ʦʪʥʦʚʦ (ʢʘʢʪʦ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʷʚʣʝʥʠʷ 1Q, 2Q

3Q ʠ 4Q ʦʪ ɻʣʘʚʘ 2.8) ʜʠʥʘʤʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʧʪʠʯʝʩʢʠ ʩʲʟʜʘʜʝʥʠʪʝ ʧʣʲʪʥʦ ʟʘʩʝʣʝʥʠ

ʦʨʛʘʥʠʯʥʠ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ, ʩʣʝʜʚʘʪ ʢʣʘʩʠʯʝʩʢʠʪʝ ʧʨʝʜʚʠʞʜʘʥʠʷ ʩʘʤʦ ʚ ʩʠʣʥʦ

ʦʛʨʘʥʠʯʝʥʠ ʧʨʠʤʝʨʠ: ʥʘʧʨʠʤʝʨ, ʚ ʢʣʘʩʠʯʝʩʢʠʪʝ ʧʨʠʤʝʨʠ [35 and 36] ʢʚʘʥʪʦʚʠʷʪ ʜʦʙʠʚ

ʥʘ QYPh ʥʝ ʟʘʚʠʩʠ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʩʥʦʧʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ. ʈʘʟʙʠʨʘ ʩʝ, ʧʨʠ ʥʠʩʢʠ

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʲʟʙʫʜʝʥʠʪʝ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ (ʌʠʛʫʨʠ 8.13a ʠ 8.13b, ʯʝʨʚʝʥʠʪʝ

ʢʨʲʛʦʚʝ) ʠ ʚʠʩʦʢʘ ʚʠʩʢʦʟʥʦʩʪ ʥʘ ʦʨʛʘʥʠʯʥʠʷ ʨʘʟʪʚʦʨʠʪʝʣ (PS400, 1630mPa×s, [191]),

ʢʚʘʥʪʦʚʠʷʪ ʜʦʙʠʚ ʥʘ QYPh  ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʥʝ ʟʘʚʠʩʠ ʦʪ ʜʠʘʤʝʪʲʨʲʪ ʥʘ ʩʥʦʧʘ ʥʘ

ʚʲʟʙʫʞʜʘʥʝ. ɺ ʧʦʩʣʝʜʩʪʚʠʝ, ʢʦʛʘʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ ʥʘʨʘʩʥʝ,

ʜʠʬʫʟʠʷʪʘ ʥʘ ʪʨʠʧʣʝʪʥʘʪʘ ʝʥʝʨʛʠʷ ʥʘʨʘʩʪʚʘ ʩʲʱʦ (ʪ.ʝ. ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʨʠʧʣʝʪʥʘʪʘ ʜʠʬʫʟʠʷ

ʩʪʘʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦ), ʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʠʣʥʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʢʚʘʥʪʦʚʠʷʪ ʜʦʙʠʚ ʥʘ QYPh ʠ

ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʜʠʘʤʝʪʲʨʘ ʥʘ ʩʥʦʧʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ, ʥʘʧʨʠʤʝʨ, ʌʠʛʫʨʘ 8.13f.

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʯʠʩʪʠʷ ʨʘʟʪʚʦʨ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, ʤʦʥʦʪʦʥʥʦʪʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʲʟʙʫʜʝʥʠ ʪʨʠʧʣʝʪʥʠ

ʩʲʩʪʦʷʥʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʦʜʘ ʥʘ ʩʲʟʜʘʚʘʥʝʪʦ ʠʤ – ʢʘʪʦ ʩʣʝʜʩʪʚʠʝ ʥʘ ʫʚʝʣʠʯʝʥʠʷ

ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʥʘʧʦʤʧʚʘʥʝ, ʠ/ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʦʪʥʦʩʠʪʝʣʥʦʪʦ ʤʦʣʘʨʥʦ ʦʪʥʦʰʝʥʠʝ CS /

CE (ʌʠʛʫʨʘ 8.13 ʠ ʌʠʛʫʨʘ 8.14) ʠ/ʠʣʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʜʠʘʤʝʪʲʨʘ ʥʘ ʩʥʦʧʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ

– ʚʦʜʠ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʚʘʥʪʦʚʠʷ ʜʦʙʠʚ ʥʘ ʟʘʢʲʩʥʷʣʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ QYdF. ʊʝʟʠ

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʷʚʣʝʥʠʷ (Q5) ʥʝ ʩʘ ʦʧʠʩʘʥʠ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʜʦʩʝʛʘ (ʣʷʪʦʪʦ ʥʘ 2020 ʛ.).

ʌʠʛʫʨʘ 8.13 ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʝʤʧʠʨʠʯʥʦʪʦ ʟʘʢʣʶʯʝʥʠʝ, ʯʝ ʩʨʝʜʥʘʪʘ ʜʠʬʫʟʠʦʥʥʘ

ʜʲʣʞʠʥʘ ʥʘ ʪʨʠʧʣʝʪʥʘʪʘ ʝʥʝʨʛʠʷ, ʚ ʩʣʫʯʘʷ ʥʘ PS400 ʤʘʪʨʠʮʘ, ʝ ʦʢʦʣʦ 80 µm, ʪʲʡ ʢʘʪʦ ʟʘ

ʜʠʘʤʝʪʨʠ ʧʦ-ʛʦʣʝʤʠ ʦʪ dexc = 160 µm, ʩʪʦʡʥʦʩʪʪʘ ʥʘ QYdF ʥʝ ʥʘʨʘʩʪʚʘ ʧʦʚʝʯʝ. ɿʘ

ʨʘʟʪʚʦʨʠʪʝʣʠ ʩʲʩ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʥʠʩʢʘ ʚʠʩʢʦʟʥʦʩʪ (toluene, 0.56mPa×s, [192]), ʥʘʩʠʱʘʥʝ

ʥʘ ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ  ʢʚʘʥʪʦʚʠʷ ʜʦʙʠʚ ʥʘ ʟʘʢʲʩʥʷʣʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ QYdF ʩʝ ʥʘʙʣʶʜʘʚʘ

ʟʘ ʜʠʘʤʝʪʨʠ ʥʘ ʥʘʧʦʤʚʘʥʝ ʧʦ-ʛʦʣʝʤʠ ʦʪ dexc > 400 µm.

ɽʢʩʧʝʨʠʤʝʪʥʘʣʥʦʪʦ ʷʚʣʝʥʠʝ Q5 ʩʝ ʥʫʞʜʘʝ ʦʪ ʧʦ-ʥʘʪʘʪʲʰʥʠ ʪʝʦʨʝʪʠʯʥʠ ʠ

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ.
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TTA-UC ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ
ʄʦʪʠʚʘʮʠʷ: ɺʩʠʯʢʠ TTA-UC ʦʙʨʘʟʮʠ, ʜʝʤʦʥʩʪʨʠʨʘʥʠ ʚ ʧʨʝʜʭʦʜʥʠʪʝ ʛʣʘʚʠ (ɻʣ.6., ɻʣ.7 ʠ

ɻʣ.8) ʩʘ ʙʘʟʠʨʘʥʠ ʥʘ ʦʨʛʘʥʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ. ɺʲʧʨʝʢʠ ʪʝʭʥʠʪʝ ʫʥʠʢʘʣʥʠ

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝ ʠʤʘʪ ʦʛʨʘʥʠʯʝʥʦ ʧʨʠʣʦʞʝʥʠʝ ʟʘ ʢʦʤʧʣʝʢʩʥʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʩʭʝʤʠ.

ʆʩʥʦʚʥʠʷʪ ʧʨʦʙʣʝʤ ʝ ʜʲʣʛʦʚʨʝʤʝʥʥʦʪʦ (ʥʝʦʙʭʦʜʠʤʦ ʝ, ʥʘʧʨʠʤʝʨ - ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 1000

ʯʘʩʘ) ʟʘʧʝʯʘʪʚʘʥʝ (sealing) ʥʘ ʦʨʘʥʠʯʥʠʪʝ ʨʘʟʪʚʦʨʠʪʝʣʠ. ʅʝʦʧʪʠʤʘʣʥʦʪʦ ʟʘʧʝʯʘʪʚʘʥʝ

ʝ ʩʣʝʜʚʘʥʦ ʦʪ ʧʝʥʝʪʨʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜ. ɺ ʪʘʟʠ ʛʣʘʚʘ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘ ʧʨʝʥʦʩ ʥʘ ʧʨʦʮʝʩʘ

ʥʘ TTA-UC ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ, ʩ ʥʝʦʛʨʘʥʠʯʝʥʦ ʚʨʝʤʝ ʥʘ ʟʘʧʝʯʘʪʚʘʥʝ.

9.1. TTA-UC ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ: ʄʠʮʝʣʠ ʥʘ ʥʝ-ʡʦʥʥʠ ʪʝʥʟʠʜʠ
ʅʘ ʌʠʛʫʨʘ 9.1a ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʘʤʬʠʬʠʣʝʥ ʙʣʦʢ-ʢʦʧʦʣʠʤʝʨ ʦʪ

ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ polyoxyethanyl Ŭ-tocopheryl sebacate (PTS), ʠʟʧʦʣʟʚʘʥ ʟʘ ʩʦʣʫʙʠʟʠʨʘʥʝ ʚʲʚ

ʚʦʜʘ ʥʘ ʭʠʜʨʦʬʦʙʥʠʪʝ UC – ʙʘʛʨʠʣʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ [G3] ʩʪʘʨʝʝʥʝʪʦ ʥʘ ʦʙʨʘʟʮʠʪʝ,

ʧʦʨʦʜʝʥʦ ʦʪ ʛʣʦʙʘʣʥʦʪʦ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʯʝʥ ʨʘʟʪʚʦʨʠʪʝʣ ʝ ʥʘʤʘʣʝʥʦ ʜʨʘʩʪʠʯʥʦ.

ʌʠʛʫʨʘ 9.1: ʉʪʨʫʢʪʫʨʠ ʥʘ (a) – polyoxyethanyl Ŭ-tocopheryl sebacate (PTS), (b) – meso-Tetraphenyl-
tetrabenzoporphine Palladium (PdTBP) ʠ (c) – Dibenz[de,kl]anthracene (perylene). (d) – ʌʦʪʦʛʨʘʬʠʷ ʥʘ
ʧʦʣʫʯʝʥʘʪʘ ʚʦʜʥʘ ʩʫʩʧʝʥʟʠʷ.

ʈʘʟʤʝʨʠʪʝ ʥʘ PTS – ʤʠʮʝʣʠʪʝ, ʩʲʜʲʨʞʘʱʠ UC-ʜʚʦʡʢʘʪʘ ʩʘ ʤʘʣʢʠ (ʌʠʛʫʨʘ 9.2,

ʥʝʟʘʧʲʣʥʝʥʠ ʢʨʲʛʦʚʝ) ʦʢʦʣʦ 30 – 35 nm, ʪʘʢʘ ʯʝ ʧʦʣʫʯʝʥʘʪʘ ʩʫʩʧʝʥʟʠʷ ʝ „ʧʨʦʟʨʘʯʥʘ“, ʪ.ʝ.

ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʨʘʟʩʝʡʚʘʥʝ ʥʘ ʥʘʧʦʤʚʘʱʠʷ ʣʘʟʝʨ. ʅʘ ʌʠʛʫʨʘ 9.3 ʩʘ ʩʨʘʚʥʝʥʠ

ʣʫʤʠʥʝʩʮʝʥʪʥʠʪʝ ʩʧʝʢʪʨʠ ʥʘ ʜʚʦʡʢʘʪʘ PdTBP / perylene ʚ ʜʚʝ ʤʘʪʨʠʮʠ – ʪʦʣʫʦʣ (ʯʝʨʥʘʪʘ

ʣʠʥʠʷ) ʠ PTS (ʯʝʨʚʝʥʘʪʘ ʣʠʥʠʷ). ʇʨʠ ʝʜʥʘʢʚʠ ʜʨʫʛʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠʷ,

ʤʠʮʝʣʘʨʥʘʪʘ ʤʘʪʨʠʮʘ ʦʪ ʤʝʢʘ ʤʘʪʝʨʠʷ ʜʝʤʦʥʩʪʨʠʨʘ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 4 ʧʲʪʠ ʧʦ-ʥʠʩʲʢ

ʬʦʪʦʥʝʥ ʧʦʪʦʢ ʥʘ UC-ʝʤʠʩʠʷʪʘ, ʟʘʧʘʟʚʡʢʠ ʚʩʠʯʢʠ ʜʨʫʛʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘ TTA-UC.



CHAPTER 9: TTA-UC in water environment

76

ʌʠʛʫʨʘ 9.2: ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʦʧʪʠʯʝʩʢʦʪʦ ʧʦʛʣʲʱʘʥʝ ʥʘ perylene ʩʦʣʫʙʠʣʠʟʠʨʘʥ ʚ PTS/ʚʦʜʘ (ʥʝʟʘʧʲʣʥʝʥʠ
ʢʨʲʛʦʚʝ) ʠ ʨʘʟʤʝʨ ʥʘ ʤʠʮʝʣʠʪʝ (ʯʝʨʥʠ ʢʨʲʛʦʚʝ) ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ PTS. ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ
ʥʘ perylene ʝ ʥʝʠʟʤʝʥʥʘ, 5×10-5 M.

ʌʠʛʫʨʘ 9.3: UC – ʣʫʤʠʥʠʩʮʝʥʪʝʥ ʩʧʝʢʪʲʨ ʥʘ ʜʚʦʡʢʘʪʘ PdTBP/perylene (Cperylene – 4×10-4 M, CPdTPB – 2×10-

5M) ʚ ʩʫʩʧʝʥʟʠʷ ʥʘ PTS/ʚʦʜʘ (CPTS – 5 wt. %) (ʯʝʨʚʝʥʘʪʘ ʣʠʥʠʷ) ʠ ʨʘʟʪʚʦʨʝʥʘ ʚ ʪʦʣʫʦʣ (Cperylene – 4×10-4 M,
CPdTPB – 2×10-5M) (ʯʝʨʥʘʪʘ ʣʠʥʠʷ). ɼʲʣʞʠʥʘʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʝ ʧʦʜʪʠʩʥʘʪʘ ʧʦʚʝʯʝ ʦʪ 106 ʧʲʪʠ ʯʨʝʟ notch
ʬʠʣʪʲʨ (l = 633 nm). ʀʥʩʝʪ: ʌʦʪʦʛʨʘʬʠʷ ʥʘ ʚʦʜʥʘʪʘ ʩʫʩʧʝʥʟʠʷ ʧʨʠ ʥʘʧʦʤʚʘʥʝ ʩ ʯʝʨʚʝʥ ʣʘʟʝʨ. ɼʥʝʚʥʦ
ʦʩʚʝʪʣʝʥʠʝ. ʅʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʜʦʧʲʣʥʠʪʝʪʣʥʠ ʦʧʪʠʯʝʩʢʠ ʬʠʣʪʨʠ.

ʌʠʛʫʨʘ 9.5: ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʠʥʪʝʛʨʘʣʥʘʪʘ TTA – UC ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ
ʚʲʟʙʫʞʜʘʥʝ ʟʘ UC – ʜʚʦʡʢʘ PdTBP / perylene ʚ ʨʘʟʣʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ ʠ ʤʦʣʘʨʥʠ ʩʲʦʪʥʦʰʝʥʠʷ (Csensitizer /

Cemitter), ʢʘʢʪʦ ʩʣʝʜʚʘ: (1) – ʚ ʪʦʣʫʦʣ (2×10-5M / 4×10-4M, 1:20); (2) – ʚ 5wt.% PTS/ʚʦʜʘ (2×10-5M / 4×10-4M,
1:20); (3) – ʚ 5wt.% PTS/ʚʦʜʘ (1×10-6M / 5×10-4 M, 1: 500); (4) ʚ 2.5wt.% PTS/ʚʦʜʘ (1×10-6 M / 5×10-5 M, 1:50).
ʋʩʣʦʚʠʷ: ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ɼʠʘʤʝʪʲʨ ʥʘ ʧʝʪʥʦʪʦ ʥʘ ʚʲʟʙʫʞʜʘʥʝ – 1000µm; ɼʝʙʝʣʠʥʘ ʥʘ ʦʙʨʘʟʝʮʘ –
400µm; ɹʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ.
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ɿʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʠʥʪʝʛʨʘʣʥʘʪʘ UC – ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚ ʦʨʛʘʥʠʯʝʥ ʨʘʟʪʚʦʨʠʪʝʣ ʠ ʚ PTS/ʚʦʜʘ

ʩʫʩʧʝʥʟʠʷ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʥʘʧʦʤʚʘʥʝ ʩʘ ʩʨʘʚʥʝʥʠ ʥʘ ʌʠʛʫʨʘ 9.5, ʢʘʪʦ

ʧʨʘʚʠʪʝ ʩʘ ʩʪʝʧʝʥʥʠ ʬʠʪʦʚʝ ʦʪ ʚʠʜʘ: b
excUpConv IaI *=  ʩ b = 1.11 ʟʘ TTA-UC ʚ ʪʦʣʫʦʣ

(ʌʠʛʫʨʘ 9.5, ʯʝʨʥʘʪʘ ʣʠʥʠʷ) ʠ b = 1.18 – 1.22 ʟʘ TTA-UC ʚ ʤʠʮʝʣʘʨʥʠ ʩʠʩʪʝʤʠ (ʌʠʛʫʨʘ

9.5, ʩʠʥʠʪʝ ʣʠʥʠʠ). ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʜʠʘʧʘʟʦʥʲʪ ʦʪ ʠʥʪʝʥʟʠʪʝʪʠ ʥʘ ʚʲʟʙʫʞʜʘʥʝ,

ʚ ʢʦʡʪʦ UC-ʤʦʣʝʢʫʣʥʘʪʘ ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʘ ʠʥʪʝʥʟʠʪʝʪʥʘ ʟʘʚʠʩʠʤʦʩʪ ʜʦʙʨʝ

ʘʧʨʦʢʩʠʤʠʨʘʥʘ ʩʲʩ ʩʫʙ-ʢʚʘʜʨʘʪʥʘ ʬʫʥʢʮʠʷ, ʝ ʰʠʨʦʢ ʧʦʚʝʯʝ ʦʪ 3 ʧʦʨʷʜʲʢʘ.

9.3. ʀʟʤʝʨʚʘʥʝ ʥʘ ʣʦʢʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ

ʄʦʪʠʚʘʮʠʷ: ʊʫʢ ʱʝ ʩʝ ʧʨʝʜʩʪʘʚʠ, T–ʠʟʤʝʨʚʘʥʝ, ʙʘʟʠʨʘʥʦ ʥʘ ʤʠʮʝʣʠ ʦʪ ʥʝ-ʡʦʥʥʠ

ʪʝʥʟʠʜʠ, ʩʦʣʫʙʠʣʠʟʠʨʘʱʠ UC-ʘʢʪʠʚʥʠʪʝ ʦʨʛʘʥʠʯʥʠ ʙʘʛʨʠʣʘ ʠ ʧʦʟʚʦʣʷʚʘʱʠ

ʥʘʙʣʶʜʘʚʘʥʝʪʦ ʥʘ ʝʬʝʢʪʠʚʥʘ TTA–UC ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ. ʊʫʢ ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʧʨʦʮʝʩʘ

ʥʘ TTA–UC ʦʪ ʣʦʢʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʣʦʢʘʣʥʘʪʘ ʚʠʩʢʦʟʥʦʩʪ ʩʝ ʤʘʥʠʬʝʩʪʠʨʘ ʚ

ʧʲʣʥʘ ʩʠʣʘ.

ɿʘʙʝʣʝʞʢʘ: ʊʝʟʠ ʝʢʧʝʨʠʤʝʥʪʠ ʩʘ ʧʨʦʚʝʜʝʥʠ ʚ ʙʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ (ʦʩʪʘʪʲʯʥʘʪʘ

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜ ʝ ʧʦ-ʤʘʣʢʘ ʦʪ 1 ppm).

ɺʲʟʙʫʜʝʥʠʪʝ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ ʩʘ ʜʲʣʛʦʞʠʚʝʝʱʠ ʠ ʟʘʪʦʚʘ ʠʥʪʝʨ-ʤʦʣʝʢʫʣʥʠʷʪ

ʝʥʝʨʛʠʝʥ ʪʨʘʥʩʬʝʨ ʝ ʧʦʚʣʠʷʥ ʩʠʣʥʦ ʦʪ ʩʲʩʪʦʷʥʠʝʪʦ ʠ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ɺ

ʯʘʩʪʥʦʩʪ, ʧʨʦʮʝʩʲʪ ʥʘ TTA – UC ʟʘʚʠʩʠ ʦʪ ʣʦʢʘʣʥʘʪʘ ʤʦʙʠʣʥʦʩʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘʱʠʪʝ

ʤʦʣʝʢʫʣʠ. ʋʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʨʦʪʘʮʠʦʥʥʘʪʘ ʜʠʬʫʟʠʷ (RD) ʚ ʣʦʢʘʣʠʟʠʨʘʥʘʪʘ ʩʨʝʜʘ (i.e.

confined environment) ʥʘ ʤʠʮʝʣʘ ʥʘ ʥʝ-ʡʦʥʥʠʪʝ ʪʝʥʟʠʜʠ ʚʦʜʷʪ ʜʦ ʠʟʢʣʶʯʠʪʝʣʥʦ ʩʠʣʥʘ

ʟʘʚʠʩʠʤʦʩʪ ʥʘ TTA – UC ʧʨʦʮʝʩʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ.

ʅʘ ʌʠʛʫʨʘ 9.9 ʝ ʧʨʝʜʩʪʘʚʝʥ ʣʫʤʠʥʝʩʮʝʥʪʥʠʷʪ ʩʧʝʢʪʲʨ ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA – UC ʟʘ

ʘʢʪʠʚʥʠ ʤʦʣʝʢʫʣʠ, ʢʘʧʩʫʣʠʨʘʥʠ ʚ ʤʠʮʝʣʠ ʥʘ ʥʝ-ʡʦʥʥʠ ʪʝʥʟʠʜʠ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ

ʦʪʙʝʣʝʞʠ, ʯʝ ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (rPh) ʝ ʩʨʘʚʥʠʤʘ ʧʦ

ʠʥʪʝʥʟʠʪʝʪ ʩʲʩ ʟʘʢʲʩʥʷʣʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ ʝʤʠʪʝʨʘ (dF), ʟʘʪʦʚʘ ʥʝ ʝ ʥʘʣʦʞʠʪʝʣʥʦ

ʥʷʢʦʡ ʦʪ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʩʧʝʢʪʨʘʣʥʠ ʨʝʛʠʦʥʠ ʜʘ ʙʲʜʘʪ ʦʪʩʣʘʙʚʘʥʠ. ʊʦʚʘ ʦʧʨʦʩʪʷʚʘ

ʟʥʘʯʠʪʝʣʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʩʭʝʤʘ. ɼʦʧʲʣʥʠʪʝʣʥʦ, ʦʙʨʘʟʮʠʪʝ ʩʘ „ʧʨʦʟʨʘʯʥʠ“ ʠ ʥʝ

ʨʘʟʩʝʡʚʘʪ ʪʝʩʪʚʘʱʠʷ ʣʘʟʝʨ. ʇʨʠ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʫʨʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ

ʜʝʤʦʥʩʪʨʠʨʘʥʘʪʘ ʚʝʯʝ ʧʨʦʮʝʜʫʨʘ ʥʘ ʨʘʪʠʦʤʝʪʨʠʯʝʥ ʦʪʛʦʚʦʨ, ʌʠʛʫʨʘ 9.10.
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ʌʠʛʫʨʘ 9.9: ʃʫʤʠʥʝʩʮʝʥʪʝʥ ʩʧʝʢʪʲʨ ʥʘ ʤʦʜʝʣʥʘʪʘ TTA-UC ʩʠʩʪʝʤʘ: PdTBP / perylene / PTS ʚʲʚ ʚʦʜʘ; ʩ dF
ʝ ʦʙʦʟʥʘʯʝʥʘ ʟʘʢʲʩʥʷʣʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ ʝʤʠʪʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ; ʩ rPh ʝ ʦʙʦʟʥʘʯʝʥʘ ʦʩʪʘʪʲʯʥʘʪʘ
ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ ʩʝʥʟʠʙʠʣʠʟʘʪʦʨʥʘʪʘ ʤʦʣʝʢʫʣʘ. ʀʥʩʝʪ: ʩʪʨʫʢʪʫʨʘ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, PdTBP (ʜʷʩʥʦ);
ʩʪʨʫʢʪʫʨʘ ʥʘ ʝʤʠʪʝʨʘ(ʣʷʚʦ).
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ʌʠʛʫʨʘ 9.10: ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʣʫʤʠʥʝʩʮʝʥʮʠʷʪʘ ʥʘ ʤʦʜʝʣʥʘʪʘ UC – ʩʠʩʪʝʤʘ: PdTBP / perylene / PTS ʚʲʚ ʚʦʜʘ
ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʋʩʣʦʚʠʷ: ʂʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʘʢʪʠʚʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʩʘ, ʩʲʦʪʚʝʪʥʦ, 1×10-5M
/ 2×10-4M / 5 % wt. (ʚ ʜʠʩʧʝʨʩʥʘʪʘ ʬʘʟʘ); ʀʥʪʝʥʟʠʪʝʪʲʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʝ ʢʦʥʩʪʘʥʪʝʥ ʟʘ ʚʩʠʯʢʠ ʠʟʤʝʨʚʘʥʠʷ,
100 mW×cm-2; cw – ʜʠʦʜʝʥ ʣʘʟʝʨ, lext = 635 nm; ɹʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ.

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʌʠʛʫʨʘ 9.9 ʩʠʛʥʘʣʠʪʝ ʥʘ ʟʘʢʲʩʥʷʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (dF, l = 480 nm) ʠ

ʦʩʪʘʪʲʯʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ (rPh, l = 800 nm) ʩʘ ʦʧʪʠʯʝʢʠ ʨʘʟʜʘʣʝʯʝʥʠ ʝʜʠʥ ʦʪ ʜʨʫʛ, ʠ ʩ

ʧʦʤʦʱʪʘ ʥʘ notch ʬʠʣʪʲʨ ʚʲʟʙʫʞʜʘʱʠʷʪ ʣʘʟʝʨ ʤʦʞʝ ʜʘ ʙʲʜʝ ʝʣʠʤʠʥʠʨʘʥ ʥʘʧʲʣʥʦ.

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʌʠʛʫʨʘ 9.10 ʩʠʛʥʘʣʲʪ ʥʘ dF ʥʘʨʘʩʪʚʘ ʤʦʥʦʪʦʥʥʦ ʧʨʠ

ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʙʨʘʟʝʮʘ, ʘ ʩʠʛʥʘʣʲʪ ʥʘ rPh ʥʘʤʘʣʷʚʘ ʤʦʥʦʪʦʥʥʦ ʧʨʠ

ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʢʘʣʠʙʨʘʮʠʦʥʥʘ ʢʨʠʚʘ

(ʌʠʛʫʨʘ 9.12) ʙʝʟ ʠʟʨʘʟʝʥ ʭʠʩʪʝʨʝʟʠʩ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʩʦʢʘʪʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ

ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʂʘʣʠʙʨʘʮʠʦʥʥʘʪʘ ʢʨʠʚʘ ʩʝ ʚʲʟʧʨʦʠʟʚʝʞʜʘ ʤʥʦʛʦʢʨʘʪʥʦ, ʩ

ʦʨʛʘʥʠʯʠʪʝʣʥʦʪʦ ʫʩʣʦʚʠʝ – ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʟʘʤʲʨʩʷʚʘʥʝ ʩ ʢʠʩʣʦʨʦʜ.
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N N
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ʌʠʛʫʨʘ 9.12: ʊʝʤʧʝʨʘʪʫʨʥʘ ʢʘʣʠʙʨʘʮʠʦʥʥʘ ʢʨʠʚʘ: ʨʘʪʠʦʤʝʪʨʠʯʝʥ ʤʝʪʦʜ. (i) ʆʪʥʦʰʝʥʠʝ ʥʘ ʠʥʪʝʛʨʘʣʥʠʪʝ
dF / rPh ʟʘ ʩʣʫʯʘʷ ʥʘ ʥʘʨʘʩʪʚʘʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʙʨʘʟʝʮʘ (ʯʝʨʥʠ ʢʚʘʜʨʘʪʠ); (ii) ʆʪʥʦʰʝʥʠʝ ʥʘ
ʠʥʪʝʛʨʘʣʥʠʪʝ dF / rPh ʟʘ ʩʣʫʯʘʷ ʥʘ ʥʘʤʘʣʷʚʘʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʙʨʘʟʝʮʘ (ʯʝʨʚʝʥʠ ʢʨʲʛʦʚʝ).

ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʥʝʦʙʭʦʜʠʤʠʪʝ ʦʧʪʠʯʝʩʢʠ ʩʠʛʥʘʣʠ ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʛʠʩʪʨʠʨʘʪ ʚ

ʨʝʞʠʤ ʥʘ ʝʜʠʥʠʯʝʥ ʠʤʧʫʣʩ. ʅʝʦʙʭʦʜʠʤʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʠʤʧʫʣʩʘ ʥʝ ʤʦʞʝ ʜʘ ʝ

ʧʦ-ʢʲʩʘ ʦʪ ʚʨʝʤʝʪʦ ʥʘ ʟʘʪʠʭʚʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʥʘ ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 100 µs). ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʨʝʜʫʮʠʨʘ ʩʲʱʝʩʪʚʝʥʦ

ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠʷʪ ʩʪʨʝʩ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʝʢʪ, ʦʩʦʙʝʥʦ ʘʢʦ ʪʦʚʘ ʝ ʢʣʝʪʲʯʥʘ ʢʫʣʪʫʨʘ.

ʏʨʝʟ ʧʦʜʙʦʨ ʥʘ ʦʧʪʠʤʘʣʥʠʷʪ ʪʝʥʟʠʜ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʫʚʝʣʠʯʠ ʜʨʘʩʪʠʯʥʦ ʊ-

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ. ʉʪʨʫʢʪʫʨʠʪʝ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ

ʩʲʟʜʘʚʘʥʝ ʥʘ UC-ʤʠʮʝʣʠʪʝ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛʫʨʘ 9.19.

ʌʠʛʫʨʘ 9.19: ʄʘʪʝʨʠʘʣʥʘ ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʥʝ-ʡʦʥʥʠʪʝ ʤʠʮʝʣʠ. ʉʪʨʫʢʪʫʨʠ ʥʘ (1) – meso-Tetraphenyl-
tetrabenzoporphine Palladium (PdTBP); (2) – Dibenz[de,kl]anthracene (perylene). (3) – polyoxyethanyl Ŭ-
tocopheryl sebacate (PTS). (4) – 4-(1,1,3,3-Tetramethylbutyl)phenyl-polyethylene glycol (ʥʘʨʝʯʝʥ ʧʦʜʦʣʫ Triton
X-100); (5) – Octylphenyl-polyethylene glycol (ʥʘʨʝʯʝʥ ʧʦ-ʜʦʣʫ Igepal CA-630).
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ʌʠʛʫʨʘ 9.22: (a) – ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʥʦʨʤʠʨʘʥʦʪʦ ʦʪʥʦʰʝʥʠʝ dF / rPh ʟʘ UC – ʩʠʩʪʝʤʘʪʘ: PdTBP / perylene /
TritonX-100 ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. (b) – ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʥʦʨʤʠʨʘʥʦʪʦ ʦʪʥʦʰʝʥʠʝ
dF / rPh ʟʘ UC – ʩʠʩʪʝʤʘʪʘ: PdTBP / perylene / IGEPAL-CA630 ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ
ʪʝʤʧʝʨʘʪʫʨʘʪʘ.

ɺ ʪʦʟʠ ʝʢʩʧʨʠʝʤʝʥʪ, TTA-UC ʩʠʩʪʝʤʠʪʝ ʜʝʤʦʥʩʪʨʠʨʘʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʠʩʦʢʘ

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ ʤʥʦʛʦ ʤʘʣʢʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʆʪʥʦʰʝʥʠʝʪʦ dF / rPh ʩʝ

ʠʟʤʝʥʷ ʧʦʚʝʯʝ ʦʪ 800 ʧʲʪʠ (ʌʠʛʫʨʘ 9.22) ʟʘ ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ ʦʪ ʧʦ-ʤʘʣʢʦ ʦʪ DT =

60K! ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʜʚʘʪʘ ʦʧʪʠʯʝʩʢʠ ʩʠʛʥʘʣʘ - dF ʠ rPh – ʠʤʘʪ ʩʨʘʚʥʠʤʘ

ʠʥʪʝʥʟʠʚʥʦʩʪ, ʠ ʜʦʧʲʣʥʠʪʝʣʥʦ, ʩʨʘʚʥʠʤʠ ʚʨʝʤʝʥʘ ʥʘ ʟʘʪʠʭʚʘʥʝ (ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ n×100 µs),

ʪʦʚʘ ʧʦʟʚʦʣʷʚʘ ʨʝʛʠʩʪʨʠʨʘʥʝ ʧʦ ʥʘʧʲʣʥʦ ʦʧʪʠʯʝʥ ʥʘʯʠʥ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠ ʠʟʤʝʥʝʥʠʷ ʦʪ

ʧʦʨʷʜʲʢʘ ʥʘ DT = 0.02K. ʊʘʢʘʚʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʙʠ ʙʠʣʘ ʤʥʦʛʦ ʧʦʣʝʟʥʘ ʧʨʠ

ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʢʣʝʪʲʯʥʠ ʢʫʣʪʫʨʠ, ʨʝʘʛʠʨʘʱʠ ʥʘ ʚʲʥʰʥʠ ʩʪʨʝʩʠʨʘʱʠ ʬʘʢʪʦʨʠ.

ɺʲʧʨʝʢʠ ʚʩʠʯʢʠ ʟʘʙʝʣʝʞʠʪʝʣʥʠ ʩʚʦʡʩʪʚʘ ʥʘ TTA-UC-ʩʠʩʪʝʤʠʪʝ, ʩʦʣʫʙʠʣʠʟʠʨʘʥʠ

ʩ ʧʦʤʦʱʪʘ ʥʘ ʥʝ-ʡʦʥʥʠʪʝ ʪʝʥʟʠʜʠ (ʦʪ ʩʝʤʝʡʩʪʚʪʘ ʥʘ PTS, IGEPAL-CA630, TritonX-100,

etc.), ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʩʲʱʝʩʪʚʫʚʘ ʢʨʠʪʠʯʝʥ ʧʘʨʘʤʝʪʲʨ, ʦʛʨʘʥʠʯʘʚʘʱ

ʧʨʘʢʪʠʯʝʢʦʪʦ ʠʤ ʧʨʠʣʦʞʝʥʠʝ – ʪʦʚʘ ʝ ʪʷʭʥʘʪʘ ʤʝʭʘʥʠʯʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ. ʄʠʮʝʣʠʪʝ ʩʘ

ʩʪʘʙʠʣʥʠ ʩʘʤʦ ʚ ʪʝʯʥʠ ʩʨʝʜʘ, ʚʩʝʢʠ ʬʠʟʠʯʝʩʢʠ ʢʦʥʪʘʢʪ ʩ ʚʩʝʢʠ ʪʚʲʨʜʦʪʝʣʝʥ ʠʥʪʝʨʬʝʡʩ

ʚʦʜʠ ʜʦ ʨʘʟʨʫʰʘʚʘʥʝ ʥʘ ʤʠʮʝʣa.
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CHAPTER 10

TTA-UC ʚ ʥʘʥʦ-ʢʦʥʬʠʛʫʨʠʨʘʥʘ ʩʨʝʜʘ ʥʘ ʤʝʢʘ ʤʘʪʝʨʠʷ
ʄʦʪʠʚʘʮʠʷ: ɼʚʠʞʝʱʘʪʘ ʩʠʣʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA-UC ʚ ʤʝʢʘ ʤʘʪʝʨʠʷ ʝ ʠʥʪʝʨ-

ʤʦʣʝʢʫʣʥʠʷʪ ʪʨʘʥʩʬʝʨ ʥʘ ʪʨʠʧʣʝʪʥʘ ʝʥʝʨʛʠʷ, ʢʦʥʪʨʦʣʠʨʘʥ ʦʪ ʨʦʪʘʮʠʦʥʥʘʪʘ ʜʠʬʫʟʠʷ.

ʆʪ ʩʚʦʷ ʩʪʨʘʥʘ RD ʟʘʚʠʩʠ ʦʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ – ʣʦʢʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ,

ʣʦʢʘʣʥʘ ʚʠʩʢʦʟʥʦʩʪ ʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʦʨʠ ʤʥʦʛʦ ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜ. ɺ ʪʘʟʠ ʛʣʘʚʘ

ʱʝ ʜʝʤʦʥʩʪʨʠʨʘʤ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʪʝʭʥʠʢʠʪʝ ʥʘ ʥʘʥʦ-ʢʘʧʩʫʣʠʨʘʥʝ ʩ ʮʝʣ

ʤʠʥʠʤʠʟʠʨʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʨʠʩʲʩʪʚʘʱʠʷ ʢʠʩʣʦʨʦʜ.

ʌʠʛʫʨʘ 10.1: ʆʧʨʦʩʪʝʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʭʝʤʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA - UC ʚ ʘʪʤʦʩʬʝʨʘ, ʙʦʛʘʪʘ ʥʘ ʢʠʩʣʦʨʦʜ.
ʀʥʩʝʪ: ʩʪʨʫʢʪʫʨʠ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, PdTBP (ʣʷʚʦ); ʩʪʨʫʢʪʫʨʘ ʥʘ ʝʤʠʪʝʨʘ, ʧʝʨʠʣʝʥ (ʜʷʩʥʦ).

ɺ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʜʦʨʠ ʠʟʯʝʟʚʘʱʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʢʠʩʣʦʨʦʜ, ʧʨʦʮʝʩʲʪ ʥʘ TTA-UC ʩʝ

ʫʩʣʦʞʥʷʚʘ (ʌʠʛʫʨʘ 10.1, ʤʦʣʷ ʚʢʣʶʯʝʪʝ ʚ ʨʘʟʛʣʝʞʜʘʥʝʪʦ ʠ ʥʠʚʘʪʘ ʥʘ ʢʠʩʣʦʨʦʜʘ).

ɽʥʝʨʛʠʷʪʘ ʥʘ ʪʨʠʧʣʝʪʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʩʝʥʟʠʙʠʣʠʟʘʪʦʨʘ ʩʝ ʫʪʠʣʠʟʠʨʘ ʚ ʧʦʨʝʜʠʮʘ ʦʪ

ʢʦʥʢʫʨʠʨʘʱʠ ʩʝ ʧʨʦʮʝʩʠ: (i) ʟʘʩʝʣʚʘʥʝ ʥʘ ʚʲʟʙʫʜʝʥʦʪʦ ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ

ʢʠʩʣʦʨʦʜʘ, (ii) ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, (iii) ʊʊʊ ʢʲʤ ʪʨʠʧʣʝʪʥʠʪʝ ʥʠʚʘ ʥʘ ʝʤʠʪʝʨʘ ʠ ʥʘʢʨʘʷ, (iv)

ʊʊɸ ʤʝʞʜʫ ʪʨʠʧʣʝʪʥʠʪʝ ʥʠʚʘ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ. ʅʘʡ-ʝʬʝʢʪʠʚʝʥ ʦʪ ʪʝʟʠ ʧʨʦʮʝʩʠ ʝ

ʟʘʩʝʣʚʘʥʝʪʦ ʥʘ ʩʠʥʛʣʝʪʥʦʪʦ ʥʠʚʦ ʥʘ ʢʠʩʣʦʨʦʜʘ, ʪ.ʝ. ʧʨʠ ʜʘʜʝʥʠ ʫʩʣʦʚʠʷ, ʚʩʠʯʢʠ ʜʨʫʛʠ

ʧʨʦʮʝʩʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʧʲʣʥʦ ʧʦʜʪʠʩʥʘʪʠ.

ʇʨʦʮʝʩʲʪ ʥʘ ʊʊɸ ʤʝʞʜʫ ʚʲʟʙʫʜʝʥʦʪʦ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʙʘʛʨʠʣʦʪʦ ʠ

ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʢʠʩʣʦʨʦʜʘ (ʢʦʷʪʦ ʩʝ ʥʘʤʠʨʘ ʚ ʦʩʥʦʚʥʦ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ), ʦʙʷʩʥʷʚʘ

ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʷ ʧʨʦʮʝʩ: ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʩʝ ʚʨʲʱʘ ʚ

ʦʩʥʦʚʥʦ ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ, ʘ ʤʦʣʝʢʫʣʘʪʘ ʥʘ ʢʠʩʣʦʨʦʜʘ ʧʦʣʫʯʘʚʘ ʝʥʝʨʛʠʷʪʘ ʥʘ ʜʚʝʪʝ

ʩʲʩʪʦʷʥʠʷ ʠ ʩʝ ʚʲʟʙʫʞʜʘ ʜʦ ʤʝʪʘʩʪʘʙʠʣʥʦʪʦ ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ (1Dg, ʪ.ʝ. O2S1).
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ʉʠʥʛʣʝʪʥʠʷʪ ʢʠʩʣʦʨʦʜ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʝʥ [193], ʧʨʝʜʠʟʚʠʢʚʘʱ

ʦʢʠʩʣʝʥʠʝ ʥʘ ʘʢʪʠʚʥʠʪʝ ʤʦʣʝʢʫʣʠ, ʜʦʨʠ ʧʨʠ ʩʪʘʡʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʘʪʦ ʩʣʝʜʩʪʚʠʝ ʥʘ

Diels-Alder – ʪʠʧ ʧʨʦʮʝʩʠ, ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʠʪʝ ʤʦʣʝʢʫʣʠ ʛʫʙʷʪ ʩʧʨʝʞʝʥʠʝʪʦ ʥʘ ˊ-

ʩʠʩʪʝʤʘʪʘ, ʠ ʥʘʤʘʣʷʚʘʪ ʜʨʘʩʪʠʯʥʦ ʧʦʛʣʲʱʘʥʝʪʦ ʥʘ Q-ʣʠʥʠʷʪʘ. ʇʦ ʧʦʜʦʙʝʥ ʥʘʯʠʥ ʧʨʦʪʠʯʘ

ʧʨʦʮʝʩʲʪ ʥʘ „ʦʙʝʟʮʚʝʪʷʚʘʥʝ“ ʥʘ ʝʤʠʪʝʨʥʠʪʝ ʤʦʣʝʢʫʣʠ.

ʉʲʱʝʩʪʚʫʚʘʪ ʥʘʡ-ʦʙʱʦ ʜʚʘ ʪʠʧʘ ʩʪʨʘʪʝʛʠʠ ʟʘ ʟʘʱʠʪʘ ʦʪ ʚʣʠʷʥʠʝʪʦ ʥʘ ʢʠʩʣʦʨʦʜʘ:

(1) ʇʘʩʠʚʥʘ ʟʘʱʠʪʘ, ʙʘʟʠʨʘʥʘ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʙʘʨʠʝʨʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʧʘʢʝʪʠʨʘʥʝ,

ʟʘʧʝʯʘʪʚʘʥʝ ʠ ʢʘʧʩʫʣʠʨʘʥʝ ʥʘ ʘʢʪʠʚʥʠʪʝ ʩʫʙʩʪʘʥʮʠʠ. ʊʘʢʠʚʘ ʪʝʭʥʠʢʠ ʧʨʝʯʘʪ ʠʣʠ ʟʘʙʘʚʷʪ

ʩʲʱʝʩʪʚʝʥʦ ʧʨʦʥʠʢʚʘʥʝʪʦ ʥʘ ʢʠʩʣʦʨʦʜ ʚ UC-ʩʨʝʜʘʪʘ ʠ ʧʨʝʧʷʪʩʪʚʘʪ ʬʠʟʠʯʝʩʢʠʷ ʢʦʥʪʘʢʪ

ʥʘ UC-ʙʘʛʨʠʣʘʪʘ ʩ ʢʠʩʣʦʨʦʜʘ.

(2) ɸʢʪʠʚʥʘ ʟʘʱʠʪʘ, ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʢʦʥʩʫʤʘʪʦʨʠ ʥʘ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ

(sacrificial singlet oxygen scavenger, ʥʘʨʝʯʝʥʠ ʧʦ-ʥʘʪʘʪʲʢ SSOS). ʊʝʟʠ ʤʦʣʝʢʫʣʠ ʨʝʘʛʠʨʘʪ

(ʥʝʦʙʨʘʪʠʤʦ) ʩʲʩ ʩʠʥʛʣʝʪʥʠʷ ʢʠʩʣʦʨʦʜ, ʠ ʤʠʥʠʤʘʣʠʟʠʨʘʪ ʩʚʦʙʦʜʥʠʷ ʢʠʩʣʦʨʦʜ, ʢʦʡʪʦ

ʤʦʞʝ ʜʘ ʫʯʘʩʪʚʘ ʚ ʦʢʠʩʣʠʪʝʣʥʠʪʝ ʧʨʦʮʝʩʠ. ɺʩʷʢʘ ʝʜʥʘ ʦʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʩʪʨʘʪʝʛʠʠ ʠʤʘ

ʩʚʦʠʪʝ ʩʠʣʥʠ ʩʪʨʘʥʠ ʠ ʧʨʠʥʮʠʧʠʘʣʥʠ ʩʣʘʙʦʩʪʠ. ɺ ʩʣʝʜʚʘʱʠʪʝ ʛʣʘʚʠ ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ ʱʝ

ʙʲʜʘʪ ʪʝʩʪʚʝʥʠ ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʧʨʝʜʣʦʞʝʥʠʪʝ ʪʝʭʥʠʢʠ, ʟʘʝʜʥʦ ʩ ʪʝʭʥʠʪʝ ʢʦʤʙʠʥʘʮʠʠ.

10.1. ʂʘʧʩʫʣʠʨʘʥʝ ʥʘ UC-ʩʠʩʪʝʤʘʪʘ ʚ ʧʦʣʠʤʝʨʥʠ ʥʘʥʦʯʘʩʪʠʮʠ
ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʧʨʝʜʩʪʘʚʷ ʥʘʥʦʯʘʩʪʠʮʠ, ʩʲʜʲʨʞʘʱʠ UC-ʙʘʛʨʠʣʘʪʘ ʠ

ʬʫʥʢʮʠʦʥʠʨʘʱʠ ʚ ʢʣʝʪʲʯʥʘ ʮʠʪʦʧʣʘʟʤʘ, ʧʨʠ ʥʘʧʦʤʚʘʥʝ ʩʲʩ ʩʚʝʪʣʠʥʘ ʩ ʥʠʩʲʢ

ʠʥʪʝʥʟʠʪʝʪ - ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 50 mW×cm-2 [G1].

(1) ʄʘʪʝʨʠʘʣʠʪʝ; (2) ʄʝʪʦʜʲʪ ʥʘ ʩʠʥʪʝʥʟʠʨʘʥʝ ʥʘ ʥʘʥʦʢʘʧʩʫʣʠʪʝ (NC); (3)

ʍʘʨʘʢʪʝʨʠʟʠʨʘʥʝʪʦ ʥʘ NC; (4) ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ CLSM - ʦʙʨʘʟʘ; (5) ʂʣʝʪʲʯʥʠʷʪ

ʝʠʢʩʧʝʨʠʤʝʥʪ ʠ (6) 7AAD – ʮʠʪʦʤʝʪʨʠʷʪʘ, ʩʘ ʦʧʠʩʘʥʠ ʧʦʜʨʦʙʥʦ ʥʘ ʩʪʨʘʥʠʮʠ 220 – 224

ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ.
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ʌʠʛʫʨʘ 10.2: ʂʦʣʘʞ, ʜʝʤʦʥʩʪʨʠʨʘʱ ʠʜʝʷʪʘ.

ʌʠʛʫʨʘ 10.3: ʄʠʥʠʝʤʫʣʩʠʦʥʝʥ ʧʨʦʮʝʩ ʥʘ ʢʘʧʩʫʣʠʨʘʥʝ ʥʘ TTA-UC ʩʠʩʪʝʤʘʪʘ. ɼʚʝʪʝ ʬʘʟʠ (ʥʝʧʨʝʢʲʩʥʘʪʘ
ʚʦʜʥʘ ʬʘʟʘ ʠ ʭʠʜʨʦʬʦʙʥʘʪʘ ʬʘʟʘ) ʩʘ ʩʤʝʩʝʥʠ ʠ ʩʦʥʠʬʠʮʠʨʘʥʠ (ʩʪʲʧʢʘ 1). ʆʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʠʪʝ ʩʫʙʩʪʘʥʮʠʠ,
ʝʤʠʪʝʨ (  = Dibenz[de,kl]anthracene, (perylene)), ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ (  = (2,7,8,12,13,17,18-octaethyl-
porphyrinato)Pd(II), (PdOEP)), ʠʥʠʮʠʘʪʦʨ (  = 2,2’-azobis(2-methylbutyro-nitrile), (V59)), ʪʝʥʟʠʜ (  =
sodium dodecyl sulfate, (SDS)). ʍʠʜʨʦʬʦʙʥʘ ʬʘʟʘ (  = hexadecane (HD) + monomer);  = ʚʦʜʘ;  =
ʧʦʣʠʤʝʨʥʘ ʦʙʚʠʚʢʘ ʩ ʪʝʯʥʦ ʷʜʨʦ.
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ʌʠʛʫʨʘ 10.5: ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʠʥʪʝʛʨʘʣʥʘʪʘ UC-ʝʤʠʩʠʷ ʥʘ acrylic acid copolymer / PdOEP /perylene TTA-UC
ʥʘʥʦʢʘʧʩʫʣʠ (ʩʠʥʠ ʢʚʘʜʨʘʪʠ) ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ, ʟʘʝʜʥʦ ʩ
ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ (ʯʝʨʚʝʥʠ ʢʚʘʜʨʘʪʠ). ɿʘ ʩʨʘʚʥʝʥʠʝ: ʥʘ ʠʥʪʝʛʨʘʣʥʘl UC-ʝʤʠʩʠʷ ʥʘ PdOEP
/perylene ʚ hexadecane (ʟʝʣʝʥʠ ʢʨʲʛʦʚʝ). ʋʩʣʦʚʠʷ: ʉʝʥʩʠʙʠʣʠʟʘʪʦʨ/ʝʤʠʪʝʨ ʤʦʣʘʨʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ
hexadecane ʬʘʟʘ: 10-4 M/10-3 M; ɼʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ l = 532 nm; ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ.
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ʌʠʛʫʨʘ 10.6: TEM – ʦʙʨʘʟ ʥʘ ʥʘʥʦʢʘʧʩʫʣʠ PdOEP/perylene/hexadecane/PSAA - Ia. ʂʦʥʬʦʢʘʣʝʥ ʦʙʨʘʟ ʥʘ
HeLa ʢʣʝʪʢʠ ʩ PdOEP/perylene/ hexadecane/PSAA ʩ ʥʘʥʦʢʘʧʩʫʣʠ: Ib ʠ Ic – ɾʠʚʠ HeLa ʢʣʝʪʢʠ, ʟʘʭʨʘʥʝʥʠ ʩ
ʥʘʥʦʢʘʧʩʫʣʠ, ʩʲʜʲʨʞʘʱʠ PMI ʙʘʛʨʠʣʦ, ʢʘʨʪʠʥʘ ʥʘ ʧʨʦʧʫʩʢʘʥʝ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (l = 514 nm ʚʲʟʙʫʞʜʘʥʝ,
Dl = 540-600 nm ʜʝʪʝʢʮʠʷ, ʩ ʧʦʤʦʱʪʪʘ ʥʘ ʬʦʪʦʫʤʥʦʞʠʪʝʣ), ʩʲʦʪʚʝʪʥʦ. Id – ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʲʣʞʠʥʠʪʝ
ʥʘ ʚʲʣʥʠʪʝ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʠ ʜʝʪʝʢʮʠʷ, ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʠʟʤʝʨʚʘʥʝ ʚ ʨʝʞʠʤ ʥʘ up-ʢʦʥʚʝʨʩʠʷ. IIa-c –
ʥʝʛʘʪʠʚʝʥ ʢʦʥʪʨʦʣ (ʙʝʟ ʥʘʥʦʢʣʘʧʩʫʣʠ), ʬʠʢʩʠʨʘʥʠ HeLa ʢʣʝʪʢʠ, a – ʚʲʟʙʫʞʜʘʥʝ l = 458 nm, ʜʝʪʝʢʮʠʦʥʝʥ
ʢʘʥʘʣ APD-1, b – ʚʲʟʙʫʞʜʘʥʝ l = 514 nm, ʜʝʪʝʢʮʠʦʥʝʥ ʢʘʥʘʣ APD-1, c – ʚʲʟʙʫʞʜʘʥʝ l = 514 nm,
ʜʝʪʝʢʮʠʦʥʝʥ ʢʘʥʘʣ APD-2. IId – ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʷ ʧʨʦʬʠʣ, ʩʲʦʪʚʝʪʩʪʚʘʱ ʥʘ ʣʠʥʠʷʪʘ ʚ IIa-c.
IIIa-c - ʥʝʛʘʪʠʚʝʥ ʢʦʥʪʨʦʣ (ʥʘʥʦʢʘʧʩʫʣʠ, ʩʲʜʲʨʞʘʱʠ ʩʘʤʦ perylene), ʬʠʢʩʠʨʘʥʠ HeLa ʢʣʝʪʢʠ, a –
ʚʲʟʙʫʞʜʘʥʝ ʩ l = 458 nm, ʜʝʪʝʢʮʠʦʥʝʥ ʢʘʥʘʣ APD-1, b – ʚʲʟʙʫʞʜʘʥʝ l = 514 nm, ʜʝʪʝʢʮʠʦʥʝʥ ʢʘʥʘʣ APD-
1, c – ʚʲʟʙʫʞʜʘʥʝ l = 514 nm, ʜʝʪʝʢʮʠʦʥʝʥ ʢʘʥʘʣ APD-2. IIId – ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʷ ʧʨʦʬʠʣ,
ʩʲʦʪʚʝʪʩʪʚʘʱ ʥʘ ʣʠʥʠʷʪʘ IIIa-c. IVa-c – ʛʝʥʝʨʘʮʠʷ ʥʘ up-ʢʦʥʚʝʨʪʠʨʘʥʠ ʬʦʪʦʥʠ (ʥʘʥʦʢʘʧʩʫʣʠ, ʩʲʜʲʨʞʘʱʠ
PdOEP/perylene), ʬʠʢʩʠʨʘʥʠ HeLa ʢʣʝʪʢʠ, a – ʚʲʟʙʫʞʜʘʥʝ l = 458 nm, ʜʝʪʝʢʮʠʦʥʝʥ ʢʘʥʘʣ APD-1, b –
ʚʲʟʙʫʞʜʘʥʝ ʩ l = 514 nm, ʜʝʪʝʢʮʠʦʥʝʥ ʢʘʥʘʣ APD-1, c – ʚʲʟʙʫʞʜʘʥʝ ʩ l = 514 nm, ʜʝʪʝʢʮʠʦʥʝʥ ʢʘʥʘʣ APD-
2. IVd – ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʷʪ ʧʨʦʬʠʣ, ʩʲʦʪʚʝʪʩʪʚʘʱ ʥʘ ʣʠʥʠʷʪʘ 4a-c. ʅʘ ʚʩʷʢʘ ʬʠʛʫʨʘ, ʤʘʱʘʙʲʪ
ʝ 5 µm. ʀʥʪʝʥʟʠʪʝʪ ʥʘ ʚʲʟʙʫʞʜʥʝ ʥʘ UC- ~ 100 W×cm-2, Ar+ cw-ʣʘʟʝʨ.
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10.2. ʆʨʛʘʥʠʯʥʠ ʥʘʥʦʚʣʘʢʥʘ ʢʘʪʦ ʩʚʨʲʭʣʝʢʘ ʤʘʪʨʠʮʘ ʟʘ TTA-UC
ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʩʝ ʧʨʝʜʩʪʘʚʠ [G9] ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʩʚʨʲʭʣʝʢʠ TTA-UC

ʤʘʪʝʨʠʘʣʠ, ʠʟʛʨʘʜʝʥʠ ʦʪ ʪʚʲʨʜʠ PVɸ (poly(vinyl alcohol)) – ʥʘʥʦʚʣʘʢʥʘ. ʅʘʥʦʢʘʧʩʫʣʠʪʝ

(NC), ʩʦʣʚʘʪʠʨʘʱʠ UC-ʙʘʛʨʠʣʘʪʘ (meso-tetraphenyl-tetrabenzo[2,3]porphine palladium

complex (ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ) ʠ 1,3,5,7-tetramethyl-8-phenyl-2,6-diethyl dipyrromethaneÖBF2

(ʝʤʠʪʝʨ)) ʩʘ ʠʥʢʦʨʧʦʨʠʪʘʥʠ ʚ PVɸ-ʚʣʘʢʥʘʪʘ. ʉʚʨʲʭʣʝʢʠʷʪ UC-ʤʘʪʝʨʠʘʣ ʝ ʩʲʟʜʘʜʝʥ

ʯʨʝʟ ʝʣʝʢʪʨʦ-ʩʧʠʥʠʥʛ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʙʝʰʝ ʜʝʤʦʥʩʪʨʠʨʘʥʘ TTA-UC ʚ ʘʪʤʦʩʬʝʨʘ,

ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ.

(1) ɽʣʝʢʪʨʦ-ʩʧʠʥʠʥʛʘ ʥʘ NC ʜʠʩʧʝʨʩʠʷ; (2) ʍʘʨʘʢʪʝʨʠʟʠʨʘʥʝʪʦ ʥʘ ʥʘʥʦʢʘʧʩʫʣʠʪʝ ʠ

ʥʘʥʦʚʣʘʢʥʘʪʘ; (3) ɼʠʥʘʤʠʯʥʦʪʦ ʨʘʟʩʝʡʚʘʥʝ ʥʘ ʩʚʝʪʣʠʥʘ (DLS); (4) TTA-UC

ʠʟʤʝʨʚʘʥʠʷʪʘ; (5) ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ CLSM-ʦʙʨʘʟʠʪʝ, ʩʘ ʦʧʠʩʘʥʠ ʧʦʜʨʦʙʥʦ ʥʘ ʩʪʨʘʥʠʮʠ

230 – 234 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ.

ʄʠʢʨʦʛʨʘʬʠʪʝ, ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʩʢʘʥʠʨʘʱʘ ʝʣʝʢʪʨʦʥʥʘ ʤʠʢʨʦʩʢʦʧʠʷ (SEM)

(ʌʠʛʫʨʠ 10.9a ʠ 10.9d) ʧʦʢʘʟʚʘʪ, ʯʝ ʧʦʣʫʯʝʥʠʪʝ ʥʘʥʦʚʣʘʢʥʘ ʩʘ ʩ ʦʪʥʦʩʠʪʝʣʥʘ ʢʦʥʩʪʘʥʪʥʘ

ʜʝʙʝʣʠʥʘ ʠ ʠʤʘʪ ʛʣʘʜʢʘ ʧʦʚʲʨʭʥʦʩʪ.

ʌʠʛʫʨʘ 10.9. SEM ʤʠʢʨʦʛʨʘʬʠ ʥʘ NF1 ʚʣʘʢʥʘ (a) ʠ NF4 ʚʣʘʢʥʘ (d); CLSM ʤʠʢʨʦʛʨʘʬʠ ʥʘ NF1 ʚʣʘʢʥʘ (b)
ʜʠʨʝʢʪʥʦ ʚʲʟʙʫʞʜʘʥʝ (lexc=488 nm, Dldet=500·550 nm); (c) UC ʚʲʟʙʫʞʜʘʥʝ (lexc=633 nm, Dldet=500·550
nm); CLSM ʤʠʢʨʦʛʨʘʬʠ ʥʘ NF4 ʚʣʘʢʥʘ (e) ʜʠʨʝʢʪʥʦ ʚʲʟʙʫʞʜʘʥʝ (lexc=488 nm, Dldet=500·550 nm); (f) UC
ʚʲʟʙʫʞʜʘʥʝ (lexc=633 nm, Dldet=500·550 nm). ɺʩʠʯʢʠ CLSM ʠʟʤʝʨʚʘʥʠʷ ʩʘ ʧʨʦʚʝʜʝʥʠ ʚ ʘʪʤʦʩʬʝʨʘ
ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ.

ɽʤʠʩʠʷʪʘ ʚ UC-ʨʝʞʠʤ ʩʝ ʥʘʙʣʶʜʘʚʘ ʫʩʪʦʡʯʠʚʦ (ʌʠʛʫʨʠ 10.9c ʠ 10.9f) ʚ ʥʦʨʤʘʣʥʠ

ʫʩʣʦʚʠʷ. ʅʘʧʦʤʚʘʥʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ ʩ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ lexc=633 nm, ʘ ʩʧʝʢʪʲʨʲʪ ʥʘ
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ʠʟʣʲʯʚʘʥʝ ʩʲʚʧʘʜʘ ʩʲʩ ʩʧʝʢʪʨʘʣʥʠʷʪ ʜʠʘʧʘʟʦʥ (Dldet=500·550nm) ʥʘ ʜʠʨʝʢʪʥʦʪʦ

ʥʘʧʦʤʚʘʥʝ (ʌʠʛʫʨʘ 10.9b ʠ 10.9e).

ʌʠʛʫʨʘ 10.13: (a) ɺʣʘʢʥʝʩʪʘ ʤʘʪʝʨʠʷ, ʧʦʣʫʯʝʥʘ ʯʨʝʟ ʜʲʣʛʦʚʨʝʤʝʥʝʥ ʝʣʝʢʪʨʦ-ʩʧʠʥʠʥʛ; (b) ʠ (c) ʚʣʘʢʥʝʩʪʘ
ʤʘʪʝʨʠʷ, ʠʟʣʦʞʝʥʘ ʥʘ HeNe ʣʘʟʝʨ (l=633 nm, 5 mW). ɿʝʣʝʥʘʪʘ ʪʦʯʢʘ ʧʨʝʜʩʪʘʚʣʷʚʘ UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷ. ɿʘ
ʜʘ ʩʝ ʧʦʜʪʠʩʥʝ ʨʘʟʩʝʷʥʘʪʘ ʩʚʝʪʣʠʥʘ ʥʘ ʥʘʧʦʤʧʚʘʱʠʷ ʣʘʟʝʨ ʝ ʠʟʧʦʣʟʚʘʥ notch ʬʠʣʪʲʨ; ʌʦʪʦʛʨʘʬʠʷʪʘ (b) ʝ
ʧʦʣʫʯʝʥʘ ʚ ʟʘʪʲʤʥʝʥʘ ʣʘʙʦʨʘʪʦʨʠʷ (c) ʇʨʠ ʜʥʝʚʥʘ ʩʚʝʪʣʠʥʘ.

10.3. ʊʊɸ-ʥʘʥʦʢʘʧʩʫʣʠ ʟʘ ʠʟʦʙʨʘʞʝʥʠʷ in vitro ʚʲʟʙʫʜʝʥʠ ʩ ʜʲʣʙʦʢʦ-
ʯʝʨʚʝʥʘ ʩʚʝʪʣʠʥʘ

ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘʪ TTA-UC-NCs ʚʲʟʙʫʜʝʥʠ ʩ ʜʲʣʙʦʢʦ-

ʯʝʨʚʝʥʘ ʩʚʝʪʣʠʥʘ (lexc =708 nm), ʬʫʥʢʮʠʦʥʠʨʘʱʠ in vitro. ʊʝʟʠ ʥʘʥʦʢʘʧʩʫʣʠ ʤʦʛʘʪ ʜʘ ʩʝ

ʠʟʧʦʣʟʚʘʪ ʚ ʢʦʤʙʠʥʘʮʠʷ ʩ ʜʨʫʛʠ ʫʪʚʲʨʜʝʥʠ ʪʝʭʥʠʢʠ, ʢʘʪʦ ʢʦʥʬʦʢʘʣʥʘ ʣʘʟʝʨʥʘ

ʤʠʢʨʦʩʢʦʧʠʷ, plate reader, ʠʣʠ flow cytometry. ʇʦʢʘʟʘʥʦ ʝ, ʯʝ ʘʚʪʦ-ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ

ʙʠʦʣʦʛʠʯʥʠʷ ʦʙʨʘʟʝʮ, ʢʘʢʪʦ ʠ ʬʦʪʦ-ʪʦʢʩʠʯʥʦʩʪʪʘ ʩʘ ʜʨʘʩʪʠʯʥʦ ʥʘʤʘʣʝʥʠ.

ʅʘ ʩʪʨʘʥʠʮʠ 239-243 ʩʘ ʦʧʠʩʘʥʠ (1) ʄʘʪʝʨʠʘʣʠʪʝ; (2) ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ

ʥʘʥʦʢʘʧʩʫʣʠ; (3) TTA-UC ʠʟʤʝʨʚʘʥʠʷ; (4) ʂʦʥʬʦʢʘʣʥʘ ʣʘʟʝʨʥʘ ʩʢʘʥʠʨʘʱʘ ʤʠʢʨʦʩʢʦʧʠʷ

(CLSM); (5) ʂʫʣʪʠʚʠʨʘʥʝʪʦ ʥʘ ʢʣʝʪʲʯʥʠʪʝ ʢʫʣʪʫʨʠ; (6) ʇʨʦʪʦʯʥʘʪʘ ʮʠʪʦʤʝʪʨʠʷ.

ʂʦʥʚʝʥʮʠʦʥʘʣʥʘ ʢʦʥʬʦʢʘʣʥʘ ʣʘʟʝʨʥʘ ʩʢʘʥʠʨʘʱʘ ʤʠʢʨʦʩʢʦʧʠʷ (CLSM) ʠ ʧʨʦʪʦʯʥʘ

ʮʠʪʦʤʝʪʨʠʷ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʜʘ ʩʝ ʜʦʢʘʞʝ ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʥʘ ʩʠʥʪʝʥʟʠʨʘʥʠʪʝ TTA-UC

ʥʘʥʦʢʘʧʩʫʣʠ ʦʪ ʢʣʝʪʲʯʥʘʪʘ ʢʫʣʪʫʨʘ ʠ ʢʣʝʪʲʯʥʘʪʘ ʪʦʢʩʠʯʥʦʩʪ ʟʘ ʘʤʩʘʤʙʣʠ ʦʪ ʤʝʟʝʥʭʠʤʥʠ

ʩʪʚʦʣʦʚʠ ʢʣʝʪʢʠ (MSC) ʠ HeLa-ʨʘʢʦʚʠ ʢʣʝʪʲʯʥʠ ʣʠʥʠʠ. ʌʠʛʫʨʘ 10.14a ʧʦʢʘʟʚʘ TEM-

ʦʙʨʘʟʠ ʥʘ ʥʘʥʦʢʘʧʩʫʣʠʪʝ (NC) NC633. ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʦʯʪʠ ʠʜʝʘʣʥʘ ʩʪʨʫʢʪʫʨʘ

ʷʜʨʦ/ʦʙʚʠʚʢʘ. DLS-ʠʟʤʝʨʚʘʥʠʷʪʘ ʧʦʢʘʟʚʘʪ ʜʠʘʤʝʪʲʨ ʥʘ NC ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ dh=225 nm. ʅʘ

ʌʠʛʫʨʘ 10.14b ʝ ʧʦʢʘʟʘʥ ʪʠʧʠʯʝʥ ʣʫʤʠʥʝʩʮʝʥʪʝʥ ʩʧʝʢʪʲʨ (ʯʝʨʚʝʥʘʪʘ ʣʠʥʠʷ) ʥʘ NC633

ʥʘʥʦʢʘʧʩʫʣʠ, ʜʠʩʧʝʨʛʠʨʘʥʠ ʚʲʚ ʚʦʜʥʘ ʩʨʝʜʘ ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ɿʘ ʩʨʘʚʥʝʥʠʝ, ʝ

ʧʦʢʘʟʘʥ ʠ ʣʫʤʠʥʝʩʮʝʥʪʥʠʷ ʩʧʝʢʪʲʨ ʥʘ ʩʲʱʘʪʘ UC-ʜʚʦʡʢʘ ʚ ʪʦʣʫʦʣ (ʯʝʨʥʘʪʘ ʣʠʥʠʷ).

ʂʦʣʠʯʝʩʪʚʦʪʦ ʞʠʚʠ, ʘʧʦʧʪʠʯʥʠ ʠ ʤʲʨʪʚʠ ʢʣʝʪʢʠ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ NCs

(100-5000 mg×mL-1) ʩʘ ʧʦʢʘʟʥʠ ʥʘ ʌʠʛʫʨʘ 10.16.
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ʌʠʛʫʨʘ 10.14: (a) TEM ʤʠʢʨʦʛʨʘʬ ʥʘ NC633 NCs; (b) UC ʩʧʝʢʪʨʠ ʥʘ PdTBP / dye550 ʚ ʪʦʣʫʦʣ (ʯʝʨʥʘ ʣʠʥʠʷ,
CPdTBP = 1×10-5 mol×L-1 / Cdye550 = 1×10-4 mol×L-1) ʠ ʚʲʚ ʚʦʜʘ NC633 NCs (ʯʝʨʚʝʥʘ ʣʠʥʠʷ, 4% w/w, CPdTBP =
1×10-3 mol×L-1 / Cdye550 = 1×10-2 mol×L-1 ʚ ʜʠʩʧʝʨʩʥʘʪʘ ʬʘʟʘ (PHD)). lexc = 633 nm. ʆʙʨʘʟʮʠ – ʦʪ glove-box
ʧʦ – ʤʘʣʢʦ ʦʪ 2 ppm ʆ2. Inset: ʉʢʝʪʯ ʥʘ TTA-UC ʚ NCs.

ʌʠʛʫʨʘ 10.16: ʂʣʝʪʲʯʥʘ ʪʦʢʩʠʯʥʦʩʪ ʥʘ NC633 NCs ʟʘ HeLa ʢʣʝʪʢʠ (a) ʠ MSCs – ʢʣʝʪʢʠ (b). ɼʷʩʥʦ: DLS-

ʠʟʤʝʨʚʘʥʝ ʟʘ ʨʘʟʧʨʝʜʝʣʥʠʝʪʦ ʧʦ ʜʠʘʤʝʪʨʠ ʥʘ NC633 NCs.

ʌʠʛʫʨʘ 10.19: CLSM-ʤʠʢʨʦʛʨʘʬʠ ʥʘ ʞʠʚʠ MSC ʠʥʢʫʙʠʨʘʥʠ ʩ NC633 NCs (3000 mg×mL-1); (a) bright-field
transmission; (b) ʜʠʨʝʢʪʥʦ ʚʲʟʙʫʞʜʘʥʝ (lexc = 488 nm, Dldet = 500-550 nm); (c) UC-ʚʲʟʙʫʞʜʘʥʝ (lexc = 633
nm, Dldet = 500-550 nm); (d) UC-ʚʲʟʙʫʞʜʘʥʝ, ʩʣʝʜ 10 min ʦʙʨʘʙʦʪʢʘ ʩ valinomycin.
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ʉ ʮʝʣ ʜʦʩʪʠʛʘʥʝ ʥʘ ʤʘʢʩʠʤʘʣʥʦ ʚʲʟʧʨʠʝʤʘʥʝ (uptake) ʥʘ NC ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ ʛʦʣʝʤʠ

ʚʨʝʤʝʥʘ ʥʘ ʠʥʢʫʙʘʮʠʷ. ɺʣʠʷʥʠʝʪʦ ʥʘ ʣʦʢʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜʘ ʚ

ʩʲʦʪʚʝʪʥʘʪʘ ʯʘʩʪ ʥʘ ʢʣʝʪʲʯʥʘʪʘ ʮʠʪʦʧʣʘʟʤʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛʫʨʘ 10.19. ʀʟʧʦʣʟʚʘʥ ʝ

Valinomycin (ʪʦʟʠ ʡʦʥʦʬʦʨ ʩʝ ʧʨʠʣʘʛʘ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜ ʦʪ

ʤʠʪʦʭʦʥʜʨʠʠʪʝ ʥʘ ʢʣʝʪʢʘʪʘ, ʚ ʩʣʫʯʘʷ – MSC ʢʣʝʪʲʯʥʘ ʢʫʣʪʫʨʘ) ʢʘʪʦ ʨʝʛʫʣʘʪʦʨ ʥʘ

ʢʠʩʣʦʨʦʜʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʢʣʝʪʢʘʪʘ. ʃʦʢʘʣʥʦʪʦ ʥʘʤʘʣʝʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ

ʢʠʩʣʦʨʦʜ ʚ ʢʣʝʪʲʯʥʘʪʘ ʮʠʪʦʧʣʘʟʤʘ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ Valinomycin (1µmol×L-1, 10 min) ʩʝ

ʜʝʤʦʥʩʪʨʠʨʘ ʚ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ UC-ʝʤʠʩʠʷʪʘ (ʌʠʛʫʨʘ 10.19d), ʚ ʩʨʘʚʥʝʥʠʝ ʩ

ʥʝʪʨʝʪʠʨʘʥʘʪʘ ʞʠʚʘ ʢʣʝʪʢʘ ʌʠʛʫʨʘ 10.19c.

10.4. ɹʠʦ-ʠʥʩʧʠʨʠʨʘʥʘ ʟʘʱʠʪʘ ʥʘ up-ʢʦʥʚʝʨʩʠʷʪʘ
ʄʦʪʠʚʘʮʠʷ: ʊʚʲʨʜʦʪʝʣʥʠʪʝ ʤʘʪʨʠʮʠ, ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʟʘʱʠʪʘ ʥʘ TTA-UC ʦʪ ʚʣʠʷʥʠʝʪʦ

ʥʘ ʢʠʩʣʦʨʦʜʘ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘʪ ʥʘ ʝʣʘʩʪʦʤʝʨʥʠ ʤʘʪʝʨʠʘʣʠ, ʪʲʡ ʢʘʪʦ ʝʬʝʢʪʠʚʥʦʩʪʪʘ

ʥʘ UC-ʧʨʦʮʝʩʘ ʥʘʤʘʣʷʚʘ ʟʥʘʯʠʪʝʣʥʦ ʚ ʩʪʲʢʣʦʚʠʜʥʘ ʠʣʠ ʧʦʣʫ-ʢʨʠʩʪʘʣʠʥʥʘ ʩʨʝʜʘ. ɺ ʪʘʟʠ

ʛʣʘʚʘ ʱʝ ʧʨʝʜʩʪʘʚʷ ʩʪʨʘʪʝʛʠʷʪʘ ʟʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʪʦʟʠ ʧʨʦʙʣʝʤ ʯʨʝʟ ʢʚʘʟʠ

ʪʚʲʨʜʦʪʝʣʥʘ ʤʘʪʨʠʮʘ (solid-state-like) ʠʟʛʨʘʜʝʥʘ ʯʨʝʟ ʥʘʥʦ-ʮʝʣʫʣʦʟʘ. ʀʥʩʧʠʨʠʨʘʥʠ ʦʪ

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʣʠʩʪʘʪʘ ʥʘ ʨʘʩʪʝʥʠʷʪʘ, ʥʠʝ ʠʟʛʨʘʜʠʭʤʝ ʤʘʪʨʠʮʘ ʦʪ ʮʝʣʫʣʦʟʥʠ ʩʝʤʠ-

ʢʨʠʩʪʘʣʠʥʥʠ ʥʘʥʦ-ʚʣʘʢʥʘ (NFC), ʢʦʷʪʦ ʦʙʚʠʚʘ ʥʘʥʦ-ʮʝʣʫʣʦʟʥʠ up-ʢʦʥʚʝʨʪʠʨʘʱʠ

ʥʘʥʦʯʘʩʪʠʮʠ, ʩ ʪʝʯʥʦ ʭʠʜʨʦʬʦʙʥʦ ʷʜʨʦ, ʩʲʜʲʨʞʘʱʠ UC-ʙʘʛʨʠʣʘʪʘ. ʇʨʠʣʘʛʘʡʢʠ

ʥʝʦʙʨʘʙʦʪʝʥʠ ʮʝʣʫʣʦʟʥʠ ʥʘʥʦʚʣʘʢʥʘ ʙʝʰʝ ʩʲʟʜʘʜʝʥʘ ʫʩʪʦʡʯʠʚʘ ʠ ʧʨʠʨʦʜʦʩʲʦʙʨʘʟʥʘ

ʤʘʪʨʠʮʘ ʩ ʫʣʪʨʘ-ʚʠʩʦʢʠ ʙʘʨʠʝʨʥʠ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʠʩʣʦʨʦʜʘ. ʊʦʚʘ

ʧʦʩʪʠʞʝʥʠʝ ʙʝʰʝ ʟʘʱʠʪʝʥʦ ʩʲʩ ʩʚʝʪʦʚʝʥ ʧʘʪʝʥʪ [ʈ22].

ʊʦʚʘ ʠʟʩʣʝʜʚʘʥʝ ʙʝʰʝ ʠʩʥʧʠʨʠʨʘʥʦ ʦʪ ʩʪʨʦʝʞʘ ʥʘ ʣʠʩʪʘʪʘ ʚ ʇʨʠʨʦʜʘʪʘ [281],

ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʌʠʛʫʨʘ 10.23a ʠ ʌʠʛʫʨʘ 10.23b ʜʝʤʦʥʩʪʨʠʨʘ ʦʙʱʘʪʘ ʠʜʝʷ – ʘʢʪʠʚʥʠʪʝ

UC-ʤʦʣʝʢʫʣʠ, ʨʘʟʪʚʦʨʝʥʠ ʚ ʭʠʜʨʦʬʦʙʥʘ ʤʘʪʨʠʮʘ ʩʘ ʢʘʧʩʫʣʠʨʘʥʠ ʚ ʥʘʥʦʯʘʩʪʠʮʠ,

ʠʟʛʨʘʜʝʥʠ ʦʪ ʥʘʥʦ-ʮʝʣʫʣʦʟʘ (ʧʦʜʦʙʥʦ ʥʘ ʭʣʦʨʦʧʣʘʩʪʠʪʝ ʚ ʝʩʪʝʩʪʚʝʥʠʪʝ ʣʠʩʪʘ).

ʉʣʝʜʚʘʱʠʷʪ ʧʘʨʘʣʝʣ ʩ ʣʠʩʪʘʪʘ ʝ ʧʦʤʝʩʪʚʘʥʝʪʦ ʥʘ ʘʢʪʠʚʥʠʪʝ ʮʝʥʪʨʦʚʝ ʚ ʮʝʣʫʣʦʟʥʘ

ʤʘʪʨʠʮʘ, ʟʘ ʜʘ ʩʝ ʧʦʚʠʰʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʧʨʠʥʠʢʚʘʥʝʪʦ ʥʘ ʢʠʩʣʦʨʦʜ. ʅʝ ʥʘ

ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ, UC-„ʣʠʩʪʦʪʦ“ ʤʘʢʩʠʤʠʨʘ ʰʠʨʠʥʘʪʘ ʥʘ ʩʣʲʥʯʝʚʠʷ ʩʧʝʢʪʲʨ, ʦʪ ʢʦʡʪʦ ʩʝ

ʯʝʨʧʠ ʩʚʝʪʣʠʥʥʘ ʝʥʝʨʛʠʷ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʝʤʝʡʩʪʚʦ ʦʪ 5 ʨʘʟʣʠʯʥʠ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ.

ʇʨʠ ʢʘʧʩʫʣʠʨʘʥʝʪʦ ʥʘ UC-ʙʘʛʨʠʣʘʪʘ ʚ ʪʝʯʥʘʪʘ ʭʠʜʨʦʬʦʙʥʘ ʯʘʩʪ (hexadecane) ʥʘ

ʥʘʥʦʯʘʩʪʠʮʘʪʘ, ʩʝ ʟʘʧʘʟʚʘ ʣʦʢʘʣʥʘʪʘ ʧʦʜʚʠʞʥʦʩʪ ʥʘ ʦʨʛʘʥʠʯʥʠʪʝ ʤʦʣʝʢʫʣʠ ʠ ʚʠʩʦʢʘ
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ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ TTA-UC. ʉʪʝʥʠʪʝ ʥʘ NC ʩʘ ʟʘʟʜʨʘʚʝʥʠ ʯʨʝʟ ʧʦʣʫ-ʢʨʠʩʪʘʣʥʠ ʮʝʣʫʣʦʟʥʠ

ʥʘʥʦʚʣʘʢʥʘ, ʌʠʛʫʨʘ 10.24a.

ʌʠʛʫʨʘ 10.23: (a) ʉʪʨʫʢʪʫʨʘ ʥʘ ʣʠʩʪʦ ʥʘ ʨʘʩʪʝʥʠʝ (b) ʉʪʨʫʢʪʫʨʘ ʥʘ „ʩʠʥʪʝʪʠʯʥʦʪʦ“ ʣʠʩʪʦ, ʜʝʤʦʥʩʪʨʠʨʘʱʦ
ʩʣʦʷ ʩ ʚʠʩʦʢʠ ʙʘʨʠʝʨʥʠ ʩʚʦʡʩʪʚʘ (ʩʧʨʷʤʦ ʆ2), ʙʘʟʠʨʘʥ ʥʘ ʮʝʣʫʣʦʟʥʠ ʥʘʥʦʚʣʘʢʥʘ (NFC) ʠ ʚʢʣʶʯʚʘʱ ʚ ʩʝʙʝ
ʩʠ ʭʠʜʨʦʬʦʙʥʠʪʝ ʥʘʥʦʢʘʧʩʫʣʠ. ʆʮʚʝʪʝʥʦʪʦ ʚ ʮʠʘʥ ʧʝʪʥʦ ʝ UC-ʝʤʠʩʠʷʪʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʥʘʧʦʤʚʘʥʝ ʩ ʰʠʨʦʢ
ʩʧʝʢʪʲʨ. (c) ʆʧʨʦʩʪʝʥʘ ʩʭʝʤʘ ʥʘ TTA-UC-ʧʨʦʮʝʩ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘ ʦʨʛʘʥʠʯʥʘ ʩʠʩʪʝʤʘ, ʚ ʧʨʠʩʲʩʪʚʠʝ ʥʘ
ʢʠʩʣʦʨʦʜ.

ʊʝʟʠ ʥʘʥʦʢʘʧʩʫʣʠ ʩʘ ʚʛʨʘʜʝʥʠ ʚ ʤʘʪʨʠʮʘ ʦʪ NFC, ʢʦʝʪʦ ʦʩʫʛʫʨʷʚʘ ʥʝʦʙʭʦʜʠʤʘʪʘ

ʤʝʭʘʥʠʯʥʘ ʩʪʘʙʠʣʥʦʩʪ, ʪʘʢʘ ʯʝ ʩ ʜʘʜʝʥʠʷʪ ʤʘʪʝʨʠʘʣ ʤʦʞʝ ʜʘ ʩʝ ʨʘʙʦʪʠ (ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʥ

ʩʤʠʩʲʣ) ʢʘʢʪʦ ʩ ʪʚʲʨʜʦʪʝʣʝʥ ʤʘʪʝʨʠʘʣ [277, 283], ʌʠʛʫʨʘ 10.24ʩ. NFC ʩʘ ʜʲʣʛʠ, ʛʲʚʢʘʚʠ

ʥʘʥʦʚʣʘʢʥʘ, ʠʟʛʨʘʜʝʥʠ ʦʪ ʘʤʦʨʬʥʠ ʠ ʢʨʠʩʪʘʣʠʥʥʠ ʫʯʘʩʪʲʮʠ.

ʌʠʛʫʨʘ 10.24. (a) SEM-ʤʠʢʨʦʬʛʨʘʬ ʥʘ NFC/CNC ʥʘʥʦʢʘʧʩʫʣʠ ʩ ʪʝʯʥʘ ʩʲʨʮʝʚʠʥʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ
ʙʘʛʨʠʣʘʪʘ: 1×10-3 M ʝʤʠʪʝʨ ʠ 7×10-5 M ʩʝʥʩʠʙʠʣʠʟʘʦʨ. (b) – AFM-ʦʙʨʘʟ ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠ TEMPO-NFC
(ʜʠʘʤʝʪʲʨ ~ 2.98 ± 1.5 nm ʠ ʜʲʣʞʠʥʘ ~ 200 - 1000 nm), ʠʟʧʦʣʟʚʘʥʠ ʢʘʪʦ ʤʘʪʨʠʮʘ ʠ ʢʘʪʦ ʟʘʱʠʪʥʦ ʧʦʢʨʠʪʠʝ.
(c) – SEM-ʦʙʨʘʟ ʥʘ ʩʝʯʝʥʠʝʪʦ ʥʘ „ʩʠʥʪʝʪʠʯʥʠʷ“ ʣʠʩʪ, ʜʝʤʦʥʩʪʨʠʨʘʱ ʜʚʫ-ʧʣʘʩʪʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʩʲʩʪʦʷʱʘ
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ʩʝ ʦʪ ʛʦʨʝʥ ʟʘʱʠʪʝʥ ʩʣʦʡ ʠ ʜʦʣʝʥ ʩʣʦʡ, ʩʲʜʲʨʞʘʱ ʥʘʥʦʢʘʧʩʫʣʠʪʝ (ʧʦʩʦʯʝʥʠ ʩʲʩ ʩʪʨʝʣʢʘʪʘ). ʀʟʧʦʣʟʚʘʥʝʪʦ
ʥʘ ʠʜʝʥʪʠʯʝʥ ʤʘʪʝʨʠʘʣ – ʟʘ ʤʘʪʨʠʮʘʪʘ ʠ ʟʘ ʦʙʚʠʚʢʘʪʘ ʥʘ UC-ʥʘʥʦʯʘʩʪʠʮʠʪʝ ʦʩʠʛʫʨʷʚʘ ʧʲʣʥʦʮʝʥʥʦ ʠʤ
ʩʤʝʩʚʘʥʝ, ʙʝʟ ʬʘʟʦʚʦ ʨʘʟʜʝʣʷʥʝ (d) ʆʥʘʛʣʝʜʷʚʘʥʝ ʥʘ ʩʝʯʝʥʠʝʪʦ ʥʘ ʘʢʪʠʚʥʠʷʪ „ʩʠʥʪʝʪʠʯʝʥ“ ʣʠʩʪ.

(1) ʉʠʥʪʝʟʲʪ ʥʘ ʥʘʥʦ-ʮʝʣʫʣʦʟʥʠʪʝ ʥʘʥʦʢʘʧʩʫʣʠ; (2) ʇʨʦʮʝʲʪ ʥʘ ʠʟʦʣʘʮʠʷ ʥʘ ʥʘʥʦ-

ʮʝʣʫʣʦʟʘʪʘ; (3) ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʮʝʣʫʣʦʟʥʠʪʝ ʬʠʣʤʠ; (4) ʂʦʤʧʣʝʢʩʥʦʪʦ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ

ʩʘ ʦʧʠʩʘʥʠ ʥʘ ʩʪʨʘʥʠʮʠ 250 – 260 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ.

ʌʠʛʫʨʘ 10.27. ʅʦʨʤʠʨʘʥʘ UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ ɚmax= 518 nm (a) ʠ ʥʦʨʤʠʨʘʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ ʥʘ ɚmax=
831 nm (b) ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʚʨʝʤʝʪʦ (s) ʥʘ NFC – ʙʘʟʠʨʘʥ ʬʠʣʤ ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʦʢʨʠʪʠʷ (ʩʠʥ), ʠ 4.2 µm
(ʯʝʨʚʝʥ) ʠʣʠ 8.8 µm (ʯʝʨʝʥ) ʜʝʙʝʣʠʥʘ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠʷʪ ʩʣʦʡ. ʀʥʪʝʥʟʠʚʥʦʩʪʠʪʝ (I) ʩʘ ʥʦʨʤʠʨʘʥʠ ʢʲʤ
ʠʥʪʝʥʟʠʪʝʪʘ ʚ ʤʦʤʝʥʪʘ ʥʘ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʧʦʪʦʢʘ ʦʪ ʩʠʥʪʝʪʠʯʝʥ ʚʲʟʜʫʭ (ʩ ʢʦʥʪʨʦʣʠʨʘʥʘ ʦʪʥʦʩʠʪʝʣʥʘ
ʚʣʘʞʥʦʩʪ) (Io). ʂʨʠʚʠʪʝ ʩʘ ʫʩʨʝʜʥʝʥʠ ʧʦ ʪʨʠ ʠʟʤʝʨʚʘʥʠʷ. (b) – ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ (ʟʝʣʝʥʦ) ʥʘ ʧʦʣʠʩʪʠʨʝʥʦʚ
(PS) ʬʠʣʤ (ʝʜʠʥʠʯʥʦ ʠʟʤʝʨʚʘʥʝ) ʩʲʩ ʠʜʝʥʪʠʯʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ/ʝʤʠʪʝʨ, ʢʘʢʪʦ ʚ ʪʝʯʥʘʪʘ
ʬʘʟʘ ʥʘ ʥʘʥʦʢʘʧʩʫʣʠʪʝ. ʅʝ ʩʝ ʥʘʙʣʶʜʘʚʘ UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʦʪ PS ʬʠʣʤʘ. ʄʦʤʝʥʪʲʪ ʥʘ ʩʪʘʨʪʠʨʘʥʝ ʥʘ
ʧʦʪʦʢʘ ʦʪ ʩʠʥʪʝʪʠʯʝʥ ʚʲʟʜʫʭ (20.5/79.5, O2/N2) ʝ ʤʘʨʢʠʨʘʥ ʥʘ ʚʩʝʢʠ ʧʣʦʪ. (c) – ʜʲʣʛʦʚʨʝʤʝʥʝʥ ʝʢʩʧʝʨʠʤʝʥʪ
(> 5 hours) ʟʘ NFC – ʙʘʟʠʨʘʥ ʬʠʣʤ ʩʲʩ 8.8 µm ʜʦʧʲʣʥʠʪʝʣʝʥ ʟʘʱʠʪʝʥ ʩʣʦʡ ʦʪ ʥʘʥʦʮʝʣʫʣʦʟʘ. ʂʨʠʚʠʪʝ ʩʘ
ʫʩʨʝʜʥʝʥʠ ʧʦ ʜʚʝ ʠʟʤʝʨʚʘʥʠʷ. ɺʩʠʯʢʠ ʠʟʤʝʨʚʘʥʠʷ ʩʘ ʧʨʦʚʝʜʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 26.3 ± 0.8 °C ʠ
ʢʦʥʩʪʘʥʪʥʦ ʦʙʱʦ ʥʘʣʷʛʘʥʝ ʦʪ 1050 mbar. ɼʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ɚ = 639 nm; ʀʥʪʝʥʟʠʪʝʪ 139
mW×cm-2.

ʀʟʤʝʥʝʥʠʝʪʦ ʥʘ ʠʥʪʝʥʟʠʪʝʪʠʪʝ, ʢʘʢʪʦ ʥʘ ʟʘʢʲʩʥʷʣʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʪʘʢʘ ʠ ʥʘ

ʦʩʪʘʪʲʯʥʘʪʘ ʬʘʩʬʦʨʝʩʮʝʥʮʠʷ ʩʘ ʧʨʦʩʣʝʜʝʥʠ ʚʲʚ ʚʨʝʤʝʪʦ. ʀʥʪʝʥʟʠʪʝʪʠʪʝ (I) ʩʘ

ʥʦʨʤʠʨʘʥʠ ʩʧʨʷʤʦ ʠʥʪʝʥʟʠʪʝʪʲʪ ʧʨʝʜʠ ʩʪʘʨʪʠʨʘʥʝʪʦ ʥʘ ʧʦʪʦʢʘ ʦʪ ʢʠʩʣʦʨʦʜ (Io), ʌʠʛʫʨʘ

10.27. ɼʦʨʠ ʧʨʠ ʫʩʣʦʞʥʝʥʠ ʫʩʣʦʚʠʷ – ʧʨʠ ʚʠʩʦʢʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ, ʢʦʝʬʝʮʠʝʥʪʲʪ

ʥʘ ʧʨʦʧʫʩʢʘʥʝ ʥʘ ʢʠʩʣʦʨʦʜ ʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ TEMPO-NFC ʬʠʣʤʠ, ʠʟʤʝʨʝʥ ʩʲʩ

ʩʪʘʥʜʘʨʪʝʥ OPT-ʪʝʩʪʝʨ ʝ <0.001 mL (STP) µm×m-2×day-1×kPa-1 ʧʨʠ 23°C ʠ 20% RH ʝ

ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʤʘʣʢʘ ʦʪ ʪʦʯʥʦʩʪʪʘ ʥʘ ʧʨʠʙʦʨʘ.
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ɿʘʱʠʪʘ ʥʘ ʧʣʲʪʥʦ ʟʘʩʝʣʝʥʠʪʝ ʪʨʠʧʣʝʪʥʠ ʩʲʩʪʦʷʥʠʷ

ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʙʲʜʘʪ ʧʨʝʜʩʪʘʚʝʥʠ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʨʝʰʝʥʠʷ,

ʙʘʟʠʨʘʥʠ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʢʦʥʩʫʤʘʪʦʨʠ ʥʘ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ (sacrificial singlet

oxygen scavenger, ʥʘʨʝʯʝʥʠ ʧʦ-ʥʘʪʘʪʲʢ SSOS). ʊʝʟʠ ʤʦʣʝʢʫʣʠ ʨʝʘʛʠʨʘʪ (ʥʝʦʙʨʘʪʠʤʦ)

ʩʲʩ ʩʠʥʛʣʝʪʥʠʷ ʢʠʩʣʦʨʦʜ, ʠ ʤʠʥʠʤʘʣʠʟʠʨʘʪ ʩʚʦʙʦʜʥʠʷ ʢʠʩʣʦʨʦʜ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʫʯʘʩʪʚʘ

ʚ ʦʢʠʩʣʠʪʝʣʥʠʪʝ ʧʨʦʮʝʩʠ. ʇʦ-ʥʘʪʘʪʲʢ, ʱʝ ʙʲʜʝ ʜʝʤʦʥʩʪʨʠʨʘʥʦ, ʯʝ ʪʝʟʠ ʟʘʱʠʪʥʠ ʛʨʫʧʠ

ʨʝʘʛʠʨʘʪ ʩʘʤʦ ʩ ʢʠʩʣʦʨʦʜʘ ʚ ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ, ʠ ʥʝ ʨʝʘʛʠʨʘʪ ʩ ʢʠʩʣʦʨʦʜʘ ʚ ʦʩʥʦʚʥʦ

ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ. ʊʘʟʠ ʟʘʱʠʪʘ ʩʪʘʚʘ ʘʢʪʠʚʥʘ ʩʘʤʦ ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʚʲʟʙʫʜʝʥʦ

ʩʲʩʪʦʷʥʠʝ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʠʣʠ ʚʲʥʰʝʥ ʩʪʠʤʫʣ.

ɿʘʙʝʣʝʞʢʘ: ʊʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʧʨʦʚʝʜʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ DFNI E 02/11 –

SunStore-ʧʨʦʝʢʪ, ʧʦʜʧʦʤʦʛʥʘʪ ʦʪ ʌʦʥʜ „ʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ” (ʌʅʀ).

11.1. ʆʙʨʘʪʠʤʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʢʠʩʣʦʨʦʜ ʢʲʤ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʥʘ
ʤʦʣʝʢʫʣʘ

ʄʦʪʠʚʘʮʠʷ: ʉʝʥʩʠʙʠʣʠʟʘʪʦʨʥʘʪʘ ʤʦʣʝʢʫʣʘ ʙʝʰʝ ʤʦʜʠʬʠʮʠʨʘʥʘ ʯʨʝʟ

ʚʲʚʝʞʜʘʥʝ ʥʘ ʛʨʫʧʠ, ʬʫʥʢʮʠʦʥʠʨʘʱʠ ʢʘʪʦ ʫʣʦʚʢʠ ʟʘ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ ʩ ʮʝʣ

ʟʘʱʠʪʘ ʥʘ ʦʩʥʦʚʥʘʪʘ ʧʦʨʬʠʨʠʥʦʚʘ ʩʪʨʫʢʪʫʨʘ ʦʪ ʬʦʪʦ-ʦʩʢʠʜʘʮʠʷ. ɹʝʰʝ

ʧʦʩʪʠʛʥʘʪʦ ʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ - ʦʙʨʘʪʠʤʦ ʩʚʲʨʟʚʘʥʝ ʥʘ

ʩʠʥʛʣʝʪʥʠʷ ʢʠʩʣʦʨʦʜ, ʪʘʢʘ ʯʝ ʩʣʝʜ ʧʨʦʮʝʜʫʨʘ ʥʘ ʪʝʨʤʠʯʥʘ ʜʝʘʢʪʠʚʘʮʠʷ,

ʤʦʣʝʢʫʣʷʨʥʘʪʘ ʫʣʦʚʢʘ ʬʫʥʢʮʠʦʥʠʨʘ ʦʪʥʦʚʦ.

ʇʨʠʥʮʠʧʲʪ ʥʘ ʜʝʡʩʪʚʠʝ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛʫʨʘ 11.1, ʠʟʧʦʣʟʚʘʡʢʠ ʧʨʠʤʝʨʘ ʥʘ

Pd(II)ʧʦʨʬʠʨʠʥ, ʜʝʢʦʨʠʨʘʥ ʩ ʘʥʪʨʘʮʝʥʦʚʠ ʧʦʜʛʨʫʧʠ ʚ meso-ʧʦʟʠʮʠʠʪʝ ʥʘ

ʤʘʢʨʦʮʠʢʲʣʘ. ɼʝʤʦʥʩʪʨʠʨʘʥʦ ʝ [318], ʯʝ ʘʥʪʨʘʮʝʥʠʪʝ ʩʘ ʩʧʦʩʦʙʥʠ ʥʘ ʦʙʨʘʪʠʤʦ

ʩʚʲʨʟʚʘʥʝ ʩʲʩ ʩʠʥʛʣʝʪʝʥ ʢʦʩʣʦʨʦʜ. ɼʦʢʘʟʘʭʤʝ, ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʩʚʲʨʟʚʘʥʝʪʦ ʥʘ

ʢʠʩʣʦʨʦʜ ʢʲʤ ʚʩʷʢʘ ʦʪ ʯʝʪʠʨʠʪʝ ʚʲʛʣʝʚʦʜʦʨʦʜʥʠ ʩʫʙ-ʝʜʠʥʠʮʠ (ʩʪʲʧʢʘ 4, ʌʠʛʫʨʘ

11.1) ʠ ʜʦʢʘʟʘʭʤʝ ʩʲʦʪʚʝʪʥʠʷʪ (O2)4 ʘʜʫʢʪ. ʂʨʠʪʠʯʥʦ ʚʘʞʥʦ ʝ, ʯʝ ʝʥʝʨʛʠʡʥʠʪʝ ʥʠʚʘ

(ʪʨʠʧʣʝʪʥʠ ʠ ʩʠʥʛʣʝʪʥʠ) ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʥʝ ʩʘ ʠʟʤʝʥʝʥʠ ʩʲʱʝʩʪʚʝʥʦ, ʢʘʪʦ

ʬʫʥʢʮʠʷ ʥʘ ʜʝʢʦʨʘʨʠʨʘʥʝʪʦ ʩ ʢʠʩʣʦʨʦʜʥʠʪʝ ʫʣʦʚʢʠ.
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ʌʠʛʫʨʘ 11.2: ʉʠʥʪʝʪʠʯʥʘ ʩʭʝʤʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʦʨʬʠʨʠʥʠʪʝ 10-Pd ʠ 11-Pd.
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ʅʘ ʌʠʛʫʨʘ 11.4 ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʟʘʨʘʞʜʘʥʝʪʦ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ

ʤʦʜʠʬʠʮʠʨʘʥʠʷ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ 11-Pd ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ

ʝʢʩʧʦʟʠʮʠʷʪʘ ʠ ʟʘ ʨʘʟʣʠʯʥʠ ʠʥʪʝʥʟʠʪʝʪʠ ʥʘ ʚʲʟʙʫʞʜʘʥʝ (ʧʣʦʱʪʘ ʥʘ ʧʝʪʥʦʪʦ ʥʘ

ʚʲʟʙʫʞʜʘʥʝ ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 1×10-2ʩm-2). ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʌʠʛʫʨʘ 11.4 (ʟʝʣʝʥʠʪʝ

ʢʨʲʛʦʚʝ) ʧʨʠ ʫʤʝʨʝʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪ ʦʪ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 100mW×cm-2 ʩʠʛʥʘʣʲʪ

ʥʘʨʘʩʪʚʘ ʟʘ ʦʢʦʣʦ 5-6 ʩʝʢʫʥʜʠ, ʜʦʢʘʪʦ ʧʨʠ ʧʦ-ʥʠʩʲʢ ʠʥʪʝʥʟʠʪʝʪ, ʚʨʝʤʝʪʦ ʥʘ

ʥʘʨʘʩʪʚʘʥʝ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʜʲʣʛʦ (ʌʠʛʫʨʘ 11.4, ʯʝʨʥʠʪʝ ʪʦʯʢʠ). ɺʘʞʥʦ ʝ ʜʘ ʩʝ

ʦʪʙʝʣʝʞʠ, ʯʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʘʪʤʦʩʬʝʨʘ ʩʲʜʲʨʞʘʰʝ 100 ppm ʢʠʩʣʦʨʦʜ: ʪʦʟʠ

ʬʘʢʪ ʜʝʤʦʥʩʪʨʠʨʘ ʦʩʥʦʚʥʘʪʘ ʩʣʘʙʦʩʪ ʥʘ ʠʟʙʨʘʥʘʪʘ ʟʘʱʠʪʥʘ ʪʝʭʥʠʢʘ – ʤʦʛʘʪ ʜʘ

ʙʲʜʘʪ ʜʝʘʢʪʠʚʠʨʘʥʠ ʩʘʤʦ ʤʘʣʢʠ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜ.
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ʌʠʛʫʨʘ 11.4: ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷʪʘ (ʧʨʠ l=798 nm) ʟʘ ʤʦʣʝʢʫʣʘʪʘ
ʥʘ 11-Pd, ʠʟʤʝʨʝʥʘ ʚ ʘʪʤʦʩʬʝʨʘ, ʢʦʥʪʘʤʠʥʠʨʘʥʘ ʩ 100 ppm ʢʠʩʣʦʨʦʜ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ
ʚʲʟʙʫʞʜʘʥʝ. ʋʩʣʦʚʠʷ: HeNe ʣʘʟʝʨ; ɺ ʪʦʣʫʦʣ; ʄʦʣʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ - 4×10-5 M; ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ.

11.2. ʂʠʩʣʦʨʦʜʥʘ ʟʘʱʠʪʘ ʥʘ ʪʨʠʧʣʝʪʥʠʪʝ ʘʥʩʘʤʙʣʠ, ʧʦʜʯʠʥʷʚʘʱʘ ʩʝ ʥʘ
ʚʲʥʰʥʠ ʩʪʠʤʫʣʠ

ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʜʝʤʦʥʩʪʨʠʨʘʤ [G21] ʩʚʲʨʟʚʘʥʝ ʥʘ ʩʠʥʛʣʝʪʥʠʷ ʢʠʩʣʦʨʦʜ,

ʙʘʟʠʨʘʥ ʥʘ N-butyl-2-pyridone (NBP), ʠʟʧʦʣʟʚʘʥ ʢʘʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʘ ʟʘʱʠʪʘ

ʥʘ ʪʨʠʧʣʝʪʥʠʪʝ ʘʥʩʘʤʙʣʠ ʦʪ ʬʦʪʦ-ʦʢʩʠʜʘʮʠʷ, ʧʨʠʯʠʥʝʥʘ ʦʪ ʩʠʥʛʣʝʪʥʠʷ ʢʠʩʣʦʨʦʜ. ʑʝ

ʙʲʜʝ ʧʦʢʘʟʘʥʦ, ʯʝ ʧʨʠ ʥʠʩʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʛʣʝʪʥʠʷʪ ʢʠʩʣʦʨʦʜ ʱʝ ʙʲʜʘ ʘʢʪʠʚʥʦ

ʧʨʠʩʲʝʜʠʥʷʚʘʥ, ʜʦʢʘʪʦ ʧʨʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ

ʧʨʠʩʲʝʜʠʥʷʚʘʥʝʪʦ ʠ ʦʪʪʘʤ ʥʘ ʟʘʱʠʪʘʪʘ ʥʘ ʪʨʠʧʣʝʪʥʠʷ ʘʥʩʘʤʙʲʣ, ʱʝ ʙʲʜʘʪ

ʩʲʱʝʩʪʚʝʥʦ ʧʦ-ʥʠʩʢʠ.

ʉʭʝʤʘʪʘ ʥʘ ʠʟʧʦʣʟʚʘʥʘʪʘ ʨʝʘʢʮʠʷ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛʫʨʘ 11.6. ʆʙʣʲʯʚʘʥʝʪʦ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (PdTBP), ʨʘʟʪʚʦʨʝʥ ʚ ʩʤʝʩ ʦʪ ʪʦʣʫʦʣ (80 % vol.) ʠ NBP- (20% vol.) ʚʦʜʠ
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ʜʦ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ N-butyl-2-pyridone ʝʥʜʦʧʝʨʦʢʩʠʜʠ (EPO). ʊʘʟʠ ʨʝʘʢʮʠʷ ʝ ʩʪʨʦʛʦ

ʪʝʤʧʝʨʘʪʫʨʥʦ ʟʘʚʠʩʠʤʘ [324], ʩʣʝʜʦʚʘʪʝʣʥʦ EPO ʩʝ ʨʘʟʧʘʜʘʪ ʪʝʨʤʠʯʥʦ ʠ ʦʩʚʦʙʦʞʜʘʚʘʪ

ʢʠʩʣʦʨʦʜ (ʥʠʝ ʥʝ ʩʤʝ ʠʟʩʣʝʜʚʘʣʠ ʨʝʘʢʮʠʷʪʘ ʚ ʧʦʜʨʦʙʥʦʩʪʠ, ʟʘʪʦʚʘ ʧʨʝʜʧʦʣʘʛʘʤʝ, ʯʝ

ʢʠʩʣʦʨʦʜʲʪ ʝ ʚ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ) ʠ ʩʲʦʪʚʝʪʥʠʷʪ ʚʲʛʣʝʚʦʜʦʨʦʜ. ʈʝʘʢʮʠʷʪʘ ʝ ʮʠʢʣʠʯʥʘ

ʩ ʧʦʨʝʜʠʮʘ ʦʪ ʧʨʠʩʲʝʜʠʥʷʚʘʥʠʷ / ʨʘʟʧʘʜʘʥʠʷ.

ʌʠʛʫʨʘ 11.6: ʆʙʨʘʪʠʤʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ ʢʲʤ N-butyl-2-pyridone. 1PdTBP
ʦʙʦʟʥʘʯʘʚʘ ʧʲʨʚʦʪʦ ʚʲʟʙʫʜʝʥʦ ʩʠʥʛʣʝʪʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (ʚʲʟʙʫʞʜʘʥʝ ʚ Q-ʣʠʥʠʷʪʘ);
3PdTBP ʦʙʦʟʥʘʯʘʚʘ ʧʲʨʚʦʪʦ ʚʲʟʙʫʜʝʥʦ ʪʨʠʧʣʝʪʥʦ ʩʲʩʪʦʯʥʠʝ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ.
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ʌʠʛʫʨʘ 11.8: ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʣʫʤʠʥʝʩʮʝʥʮʠʷʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʙʨʘʟʝʮʘ. UC-ʜʚʦʡʢʘ PdTBP / BDP,
ʨʘʟʪʚʦʨʝʥʠ ʚ ʩʤʝʩ ʦʪ 20 % vol. N-butyl-2-pyridone / ʪʦʣʫʦʣ; ʋʩʣʦʚʠʷ: ʀʥʪʝʥʟʠʪʝʪ – 12mW×cm-2; HeNe ʣʘʟʝʨ;
ʂʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ (PdTBP) ʠ ʝʤʠʪʝʨʘ (BDP) - 1×10-5 M / 2×10-4 M, ʩʲʦʪʚʝʪʥʦ; ʅʦʨʤʘʣʥʠ
ʫʩʣʦʚʠʷ (oxygen saturated solvents). ʅʝʧʨʝʢʲʩʥʘʪʦ ʚʲʟʙʫʞʜʘʥʝ; ʃʫʤʠʥʝʩʮʝʥʪʥʠʪʝ ʩʧʝʢʪʨʠ ʩʘ ʟʘʧʠʩʘʥʠ ʥʘ
100-ʪʘ ʩʝʢʫʥʜʘ ʩʣʝʜ ʥʘʯʘʣʦʪʦ ʥʘ ʦʙʣʲʯʚʘʥʝʪʦ. ɺʩʷʢʘ ʪʦʯʢʘ ʝ ʠʟʤʝʨʚʘʥʘ ʥʘ ʥʦʚʘ ʧʦʟʠʮʠʷ, ʜʦʩʪʘʪʲʯʥʦ
ʦʪʜʘʣʝʯʝʥʘ ʦʪ ʧʨʝʜʭʦʜʥʘʪʘ ʪʦʯʢʘ ʥʘ ʠʟʤʝʨʚʘʥʝ.

ʅʘ ʌʠʛʫʨʘ 11.8 ʝ ʧʦʢʘʟʘʥ ʣʫʤʠʥʝʩʮʝʥʪʥʠʷʪ ʩʧʝʢʪʲʨ ʥʘ UC-ʜʚʦʡʢʘʪʘ PdTBP / BDP

ʨʘʟʪʚʦʨʝʥʘ ʚ ʪʦʣʫʦʣ (80 % vol.) ʠ NBP- (20% vol.). ɽʤʠʪʝʨʲʪ ʝ 3,10-bis(3,3-dimethylbutyn-

1-yl)perylene (BDP). ɺ ʩʨʝʜʘ, ʢʦʥʪʘʤʠʥʠʨʘʥʘ ʩ ʢʠʩʣʦʨʦʜ, ʠ ʜʚʘʪʘ ʩʠʛʥʘʣʘ – ʥʘ ʟʘʢʲʩʥʷʣʘʪʘ

ʬʣʫʦʨʝʩʮʝʥʮʠʷ (l = 526 nm) ʠ ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ (l = 800 nm) ʱʝ ʙʲʜʘʪ

ʤʦʜʫʣʠʨʘʥʠ, ʠ ɦ ʝ ʠʟʧʠʪʚʘʪ ʩʲʱʝʩʪʚʝʥʠ ʟʘʛʫʙʠ. ʉʲʱʝʩʪʚʝʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʟʘʛʫʙʠʪʝ
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ʩʘ ʩʲʱʝʩʪʚʝʥʦ ʨʘʟʣʠʯʥʠ ʟʘ ʜʚʘʪʘ ʩʠʛʥʘʣʘ – ʠʥʪʝʥʟʠʪʝʪʲʪ ʥʘ UC-ʩʠʛʥʘʣʘ ʝ ʤʥʦʛʦ ʧʦ-ʩʠʣʥʦ

ʧʦʚʣʠʷʥ.

ʅʘ ʌʠʛʫʨʘ 11.9 ʝ ʧʦʢʘʟʥʘ ʚʨʝʤʝʚʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʩʠʛʥʘʣʠʪʝ ʥʘ dF ʠ ʥʘ rPh ʚ

ʩʨʝʜʘ, ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʙʨʘʟʝʮʘ. ɺʠʞʜʘ ʩʝ ʷʩʥʦ,

ʯʝ ʚʲʟʤʦʞʥʦʩʪʪʘ ʥʘ NBP ʜʘ ʩʚʲʨʟʚʘ ʢʠʩʣʦʨʦʜ ʟʘʚʠʩʠ ʩʠʣʥʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ.
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ʌʠʛʫʨʘ 11.9: (a) – ɺʨʝʤʝʚʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʩʠʛʥʘʣʘ ʥʘ ʟʘʢʲʩʥʷʣʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ (ɚ = 526 nm) ʟʘ ʨʘʟʣʠʯʥʠ
ʪʝʤʧʝʨʘʪʫʨʠ. (b) – ɺʨʝʤʝʚʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʩʠʛʥʘʣʘ ʥʘ ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ (ɚ = 800 nm) ʟʘ
ʨʘʟʣʠʯʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʋʩʣʦʚʠʷ: ʩʲʱʠʪʝ ʢʘʪʦ ʟʘ ʌʠʛʫʨʘ 11.8. ʉʪʨʝʣʢʘʪʘ ʥʘ ʚʩʷʢʘ ʛʨʘʬʠʢʘ ʦʙʦʟʥʘʯʘʚʘ
ʥʘʯʘʣʦʪʦ ʥʘ ʦʧʪʠʯʝʩʢʦʪʦ ʥʘʧʦʤʧʚʘʥʝ.

ʆʪ ʌʠʛʫʨʘ 11.9ʘ ʩʝ ʚʠʞʜʘ, ʯʝ ʧʨʦʮʝʩʲʪ ʥʘ TTA-UC ʟʘʚʠʩʠ ʤʥʦʛʦ ʧʦ-ʩʠʣʥʦ ʦʪ

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʦʩʪʘʪʲʯʥʠʷ ʢʠʩʣʦʨʦʜ, ʦʪʢʦʣʢʦʪʦ ʦʩʪʘʪʲʯʥʘʪʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ

ʌʠʛʫʨʘ 11.9b: ʪʲʡ ʢʘʪʦ ʦʙʨʘʟʝʮʲʪ ʝ ʦʙʝʤʝʥ, ʥʝ ʩʲʱʝʩʪʚʫʚʘʪ ʛʨʘʥʠʮʠ (ʠʥʪʝʨʬʝʡʩʠ) ʟʘ

ʜʠʬʫʟʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʦʩʥʦʚʥʦ ʩʲʩʪʦʷʥʠʝ. ʊʦʟʠ ʬʘʢʪ ʜʝʦʤʦʥʩʪʨʠʨʘ ʠ ʛʨʘʥʠʮʠʪʝ ʥʘ

ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʧʨʝʜʩʪʘʚʝʥʘʪʘ ʢʦʥʮʝʧʮʠʷ – ʜʦ ʢʠʩʣʦʨʦʜʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʨʘʚʥʠʤʠ ʩ

ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʥʘʩʠʱʘʥʝ ʚ ʪʦʣʫʦʣ (ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ) ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 200µM.

11.3. ʅʝʥʘʩʠʪʝʥʠ ʦʨʛʘʥʦʬʦʩʬʘʪʠ – ʩʝʣʝʢʪʠʚʥʘ ʟʘʱʠʪʘ ʩʨʝʱʫ ʬʦʪʦ-
ʦʢʩʠʜʘʮʠʷʪʘ, ʧʨʝʜʠʟʚʠʢʘʥʘ ʦʪ ʩʠʥʛʣʝʪʥʠʷ ʢʠʩʣʦʨʦʜ

ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʧʨʝʜʩʪʘʚʷ [G14] ʩʝʤʝʡʩʪʚʦ ʦʪ ʥʝʥʘʩʠʪʝʥʠ

ʦʨʛʘʥʦʬʦʩʬʘʪʠ, ʩʠʥʪʝʥʟʠʨʘʥʠ ʚ ʥʘʰʘʪʘ ʛʨʫʧʘ, ʢʦʠʪʦ ʨʝʘʛʠʨʘʪ ʝʬʝʢʪʠʚʥʦ ʩʲʩ

ʩʠʥʛʣʝʪʥʠʷ ʢʠʩʣʦʨʦʜ, ʥʦ ʥʝ ʨʝʘʛʠʨʘʪ ʩ ʢʠʩʣʦʨʦʜʘ ʚ ʦʩʥʦʚʥʦ ʩʲʩʪʦʷʥʠʝ. ʉʲʱʝʚʨʝʤʝʥʥʦ,

ʪʝʟʠ ʤʘʪʨʠʮʠ ʩʣʫʞʘʪ ʢʘʪʦ ʤʥʦʛʦ ʜʦʙʲʨ ʨʘʟʪʚʦʨʠʪʝʣ ʥʘ ʘʢʪʠʚʥʠʪʝ UC-ʩʫʙʩʪʘʥʮʠʠ,

ʪʘʢʘ ʯʝ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤ ʩʲʧʲʪʩʪʚʘʱ ʨʘʟʪʚʦʨʠʪʝʣ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʫʚʝʣʠʯʘʚʘ

ʜʨʘʩʪʠʯʥʦ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʥʝʥʘʩʠʪʝʥʠ ʪʝʨʤʠʥʘʣʥʠ ʜʚʦʡʥʠ ʚʨʲʟʢʠ, ʪʘʢʘ ʯʝ

ʦʨʠʛʠʥʘʣʥʦ ʩʠʥʪʝʟʠʨʘʥʘʪʘ SSOS-ʤʘʪʨʠʮʘ ʧʦʟʚʦʣʷʚʘ ʜʲʣʛʦʚʨʝʤʝʥʥʘ ʟʘʱʠʪʘ (ʧʦʚʝʯʝ
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ʦʪ 1000 ʯʘʩʘ) ʚ ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʘʪʤʦʩʬʝʨʘ ʥʘ ʦʧʪʠʯʝʩʢʠ ʩʲʟʜʘʜʝʥʠ ʪʨʠʧʣʝʪʥʠ

ʘʥʩʘʤʙʣʠ. ʊʦʚʘ ʧʦʩʪʠʞʝʥʠʝ ʙʝʰʝ ʟʘʱʠʪʝʥʦ ʩʲʩ ʩʚʝʪʦʚʝʥ ʧʘʪʝʥʪ [ʈ23].

ʀʟʧʦʣʟʚʘʥʠʪʝ ʤʘʪʝʨʠʘʣʥʠ ʢʦʤʧʦʟʠʮʠʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛʫʨʘ 11.10. ʅʝʥʘʩʠʪʝʥʠʪʝ

ʦʨʛʘʥʦʬʦʩʬʘʪʠ (OP) ʩʘ ʥʠʩʢʦ ʚʠʩʢʦʟʥʠ ʠ ʩʣʫʞʘʪ ʢʘʪʦ ʜʦʙʲʨ ʨʘʟʪʚʦʨʠʪʝʣ ʢʘʢʪʦ ʟʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ, ʪʘʢʘ ʠ ʟʘ ʝʤʠʪʝʨʘ, ʠ ʥʝ ʨʝʘʛʠʨʘʪ ʩ ʤʦʣʝʢʫʣʥʠʷ ʢʠʩʣʦʨʦʜ (ʧʨʠ

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ-ʥʠʩʢʠ ʦʪ 80°ʉ).

ʌʠʛʫʨʘ 11.10: ʉʪʨʫʢʪʫʨʠ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʥʝʥʘʩʠʪʝʥʠ ʦʨʛʘʥʦʬʦʩʬʘʪʠ, ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠ ʠ ʝʤʠʪʝʨʠ.

ʅʘ ʌʠʛʫʨʘ 11.11 ʝ ʥʘʧʨʘʚʝʥʦ ʩʨʘʚʥʝʥʠʝ ʥʘ ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʢʚʘʥʪʦʚʠʷʪ ʜʦʙʠʚ (UC-QYs)

ʧʦʣʫʯʝʥ ʟʘ ʜʚʦʡʢʘʪʘ PtOEP/ perylene, ʨʘʟʪʚʦʨʝʥ ʚ ʩʲʦʪʚʝʪʥʠʷ ʦʨʛʘʥʦʬʦʩʬʘʪ ʠ ʨʘʟʪʚʦʨʝʥ

ʚ ʪʦʣʫʦʣ, ʠ ʜʚʘʪʘ ʦʙʨʘʟʝʮʘ ʚ ʙʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ (ʩʠʥʠʪʝ ʢʚʘʜʨʘʪʠ) ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ

ʜʲʣʞʠʥʘ ʥʘ OP-ʘʣʢʠʣʥʘʪʘ ʚʝʨʠʛʘ. ʉʨʘʚʥʝʥʠ ʩʘ ʠ UC-QYs ʟʘ ʦʙʨʘʟʮʠ, ʨʘʟʪʚʦʨʝʥʠ ʚ OP, ʥʦ

ʨʘʙʦʪʝʱʠ ʚ ʙʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ ʠ ʧʨʠ ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʩʨʝʜʘ (ʯʝʨʚʝʥʠ ʢʚʘʜʨʘʪʠ).

ʇʨʠ ʤʘʣʢʘ ʜʲʣʞʠʥʘ ʥʘ ʘʣʢʠʣʥʘʪʘ ʚʝʨʠʛʘ (n Ò 4) ʝʬʝʢʪʠʚʥʦʩʪʪʘ OP ʝ ʜʦʨʠ ʧʦ-ʚʠʩʦʢʘ ʦʪ

ʪʘʟʠ ʚ ʪʦʣʫʦʣ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʧʨʠ n > 6 ʩʝ ʚʠʞʜʘ, ʯʝ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ TTA-UC ʧʨʦʮʝʩʘ

ʚ ʙʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ ʠ ʚ ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʘʪʤʦʩʬʝʨʘ ʝ ʝʜʥʘ ʠ ʩʲʱʘ!
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ʌʠʛʫʨʘ 11.11: (ʯʝʨʚʝʥʠ ʢʚʘʜʨʘʪʠ) – ʆʪʥʦʰʝʥʠʝ ʥʘ UC-QY ʟʘ UC- ʜʚʦʡʢʘʪʘ (PtOEP/perylene) ʨʘʟʪʚʦʨʝʥʠ
ʚ OP1, ʠʟʤʝʨʚʘʥʠ ʚ ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʩʨʝʜʘ ʠ ʚ glove-box; (ʩʠʥʠ ʢʚʘʜʨʘʪʠ) – ʆʪʥʦʰʝʥʠʝ ʥʘ UC-QY ʟʘ
UC- ʜʚʦʡʢʘʪʘ (PtOEP / perylene) ʨʘʟʪʚʦʨʝʥʘ ʚ OP1 ʠʣʠ ʪʦʣʫʦʣ, ʠʟʤʝʨʚʘʥʠ ʚ ʫʩʣʦʚʠʷ ʥʘ glove-box ʠ ʢʘʪʦ
ʬʫʥʢʮʠʷ ʥʘ ʜʲʣʞʠʥʘʪʘ n ʥʘ ʘʣʢʠʣʥʘʪʘ ʚʝʨʠʛʘ.

ɿʘ ʚʩʠʯʢʠ UC-ʠʟʤʝʨʚʘʥʠʷ, ʦʪ ʌʠʛʫʨʠ 11.11, 11.12 ʠ 11.14, ʤʦʣʘʨʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ

ʘʢʪʠʚʥʠʪʝ ʙʘʛʨʠʣʘ ʝ ʠʜʝʥʪʠʯʥʘ: Csensitizer=1×10-4 mol×L-1, Cemitter=2×10-3 mol×L-1, ʢʘʢʪʦ ʠ

ʜʠʘʤʝʪʲʨʲʪ ʥʘ ʧʝʪʥʦʪʦ ʥʘ ʥʘʧʦʤʚʘʥʝ - 1000 µm.

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʌʠʛʫʨʘ 11.13, ʜʠʬʫʟʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜʘ ʚ OP ʝ ʥʠʩʢʘ, ʪʘʢʘ ʯʝ

ʨʘʟʪʚʦʨʝʥʠʷʪ ʢʠʩʣʦʨʦʜ ʝ ʢʦʚʘʣʝʥʪʥʦ ʩʚʲʨʟʘʥ ʥʘʧʲʣʥʦ, ʟʘʪʦʚʘ UC-ʬʣʫʦʨeʩʮʝʥʮʠʷʪʘ ʚ

ʥʘʩʠʪʝʥʘ ʩ ʆ2 ʠ ʚ ʙʝʟʢʠʩʣʦʨʦʜʥʘ ʩʨʝʜʘ ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʚʘ (ʚ ʩʪʘʮʠʦʥʘʨʝʥ ʨʝʞʠʤ,

cw-ʥʘʧʦʤʧʚʘʥʝ).

ʌʠʛʫʨʘ 11.13: ɿʘʚʠʩʠʤʦʩʪ ʥʘ UC-ʝʤʠʩʠʷ ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʥʘʧʦʤʧʚʘʥʝʪʦ ʟʘ ʜʚʦʡʢʘʪʘ
PtOEP/perylene, ʨʘʟʪʚʦʨʝʥʘ ʚ ʨʘʟʣʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ ʠ ʘʪʤʦʩʬʝʨʥʠ ʫʩʣʦʚʠʷ, ʢʘʢʪʦ ʩʣʝʜʚʘ: ʯʝʨʥʠ ʢʚʘʜʨʘʪʠ
– ʪʦʣʫʦʣ (glove-box); ʯʝʨʚʝʥʠ ʟʘʧʲʣʥʝʥʠ ʢʨʲʛʦʚʝ - OP2 (ʥʘʩʠʪʝʥ ʆ2); ʩʠʥʠ ʪʨʠʲʛʲʣʥʠʮʠ – OP1 (glove-box);
ʯʝʨʚʝʥʠ ʢʨʲʛʦʚʝ - OP1 (ʥʘʩʠʪʝʥ ʆ2). UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʝ ʠʟʤʝʨʝʥʘ ʩʣʝʜ ʜʦʩʪʠʛʘʥʝ ʥʘ ʩʪʘʮʠʦʥʘʨʝʥ
ʨʝʞʠʤ.

ʉ ʮʝʣ ʜʘ ʩʝ ʜʦʢʘʞʝ ʫʥʠʚʝʨʩʘʣʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʟʘʱʠʪʘʪʘ ʥʘ ʪʨʠʧʣʝʪʥʠʪʝ ʘʥʩʘʤʙʣʠ ʦʪ ʬʦʪʦ-

ʦʢʩʠʜʘʮʠʷ, ʦʨʛʘʥʦʬʦʩʬʘʪʥʠʪʝ ʨʘʟʪʚʦʨʠʪʝʣʠ ʙʷʭʘ ʧʨʠʣʦʞʝʥʠ ʟʘ ʜʚʝ ʜʨʫʛʠ UC-ʜʚʦʡʢʠ

(ʌʠʛʫʨʘ 11.14).
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ʌʠʛʫʨʘ 11.14: ʉʪʨʫʢʪʫʨʠ ʥʘ UC-ʜʚʦʡʢʠʪʝ – (a) ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ (PdTBP) ʠ (b) ʝʤʠʪʝʨ (Y805); c) ʉʧʝʢʪʨʠ
ʥʘ UC-ʜʚʦʡʢʘʪʘ PdTBP/Y805 ʨʘʟʪʚʦʨʝʥʘ ʚ OP2 ʧʨʠ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ – in glove – box (ʯʝʨʥʘ ʥʝʧʨ. ʣʠʥʠʷ)
ʠ ʥʘʩʠʪʝʥ ʆ2 (ʯʝʨʚʝʥʘ ʥʝʧʨ. ʣʠʥʠʷ), ʧʨʠ l = 639 nm. ʉʪʨʫʢʪʫʨʠ ʥʘ UC-ʜʚʦʡʢʠʪʝ – (d) ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ
(PdTNP) ʠ e) ʝʤʠʪʝʨ (Y808); (f) ʉʧʝʢʪʨʠ ʥʘ UC-ʜʚʦʡʢʘʪʘ PdTNP/Y808 ʨʘʟʪʚʦʨʝʥʘ ʚ OP2 ʧʨʠ ʨʘʟʣʠʯʥʠ
ʫʩʣʦʚʠʷ – in glove – box (ʯʝʨʥʘ ʥʝʧʨ. ʣʠʥʠʷ) ʠ ʥʘʩʠʪʝʥ ʆ2 (ʯʝʨʚʝʥʘ ʥʝʧʨ. ʣʠʥʠʷ), ʧʨʠ l = 710 nm. ɿʘ ʚʩʠʯʢʠ
ʦʙʨʘʟʮʠ, ʧʦʛʣʲʱʘʥʝʪʦ ʥʘ Q-ʠʚʠʮʘʪʘ – ʧʫʥʢʪʠʨʘʥʘ ʣʠʥʠʷ. ɿʘ ʚʩʠʯʢʠ UC-ʠʟʤʝʨʚʘʥʠʷ Csensitizer=1×10-4mol×L-

1, Cemitter=2×10-3 mol×L-1.

ʅʘ ʌʠʛʫʨʘ 11.15 ʝ ʜʝʤʦʥʩʪʨʠʨʘʥʘ ʜʲʣʛʦʚʨʝʤʝʥʥʘ ʟʘʱʠʪʘ ʥʘ UC-ʜʚʦʡʢʘʪʘ PdTBP/Y805,

ʨʘʟʪʚʦʨʝʥʘ ʚ OP1 (n=4), ʟʘʝʜʥʦ ʩ UC-ʜʚʦʡʢʘʪʘ ʠ PdTNP/Y808, ʨʘʟʪʚʦʨʝʥʘ ʚ OP2 (n=4).

ʀʥʪʝʥʟʠʪʝʪʲʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ, ʩʲʙʨʘʥ ʦʪ ʜʘʜʝʥʠʷ

ʩʝʥʩʠʙʠʣʠʟʘʘʪʦʨ ʧʨʠ ʠʣʶʤʠʥʘʮʠʷ ʩ 1 ʉʣʲʥʮʝ.

ʌʠʛʫʨʘ 11.15: ɼʲʣʛʦʚʨʝʤʝʥʥʘ ʟʘʱʠʪʘ ʥʘ UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ, ʟʘ UC-ʜʚʦʡʢʘ PdTBP/Y805/OP1 (n = 4) ʧʨʠ
ʥʘʩʠʪʝʥʘ ʩ ʆ2 ʘʪʤʦʩʬʝʨʘ. ʀʥʪʝʥʟʠʪʝʪ ʥʘ ʚʲʟʙʫʞʜʘʥʝ - 5 mW×cm-2; ʣʘʟʝʨʥʦ ʧʝʪʥʦ – 3000 µm
(ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʣʠʥʠʷ ʝ ʟʘ ʧʦ-ʜʦʙʨʘ ʚʠʜʠʤʦʩʪ). ʀʥʩʝʪ: ʌʦʪʦʛʨʘʬʠʠ ʥʘ UC-ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʧʦʣʫʯʝʥʘ ʦʪ
ʢʘʧʢʘ ʚ ʥʘʩʠʪʝʥʘ ʩ ʆ2 ʘʪʤʦʩʬʝʨʘ ʟʘ PdTBP/Y805/OP1 (n = 4), ʚʲʟʙʫʜʝʥʘ ʥʘ l = 639 nm, ~ 40 mW×cm-2 ʠ
PdTNP/Y808/OP2 (n = 4), ʚʲʟʙʫʜʝʥʘ ʥʘ l = 710 nm, ~ 35 mW×cm-2, ʩʲʦʪʚʝʪʥʦ (ʜʥʝʚʥʦ ʦʩʚʝʪʣʝʥʠʝ, ʙʝʟ
ʜʦʧʲʣʥʠʪʝʣʥʠ ʦʧʪʠʯʝʩʢʠ ʬʠʣʪʨʠ).



99

ɻʃɸɺɸ 12

ʅʘʧʲʣʥʦ ʦʧʪʠʯʥʦ, ʝʜʥʦʚʨʝʤʝʥʥʦ ʠ ʤʠʥʠʤʘʣʥʦ
ʠʥʚʘʟʠʚʥʦ ʪʝʩʪʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʢʠʩʣʦʨʦʜʥʦʪʦ
ʩʲʜʲʨʞʘʥʠʝ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʠ ʢʣʝʪʢʠ

ʄʦʪʠʚʘʮʠʷ: ɺʩʠʯʢʠ ʙʠʦʭʠʤʠʯʥʠ ʨʝʘʢʮʠʠ, ʦʪʛʦʚʦʨʥʠ ʟʘ ʢʣʝʪʲʯʥʠʪʝ ʬʫʥʢʮʠʠ ʩʘ

ʝʢʟʦʪʝʨʤʠʯʥʠ ʠʣʠ ʝʥʜʦʪʝʨʤʠʯʥʠ, ʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘʪ ʚ ʦʨʛʘʥʝʣʠ, ʝʢʩʧʦʥʠʨʘʥʠ ʥʘ

ʨʘʟʣʠʯʥʦ ʢʠʩʣʦʨʦʜʥʦ ʩʲʜʲʨʞʘʥʠʝ ʠ ʩʘ ʢʦ-ʨʝʛʫʣʠʨʘʥʠ ʦʪ ʚʲʪʨʝʢʣʝʪʲʯʥʦʪʦ

ʪʝʤʧʝʨʘʪʫʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. ʄʦʷʪʘ ʮʝʣ ʝ ʜʘ ʜʝʤʦʥʩʪʨʠʨʘʤ ʟʘ ʧʲʨʚʠ ʧʲʪ (i)

ʥʝʟʘʚʠʩʠʤʦ, (ii) ʚʲʪʨʝʢʣʝʪʲʯʥʦ, (iii) ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʦ ʠ (iv) ʧʨʦʚʝʜʝʥʦ ʚ ʨʝʘʣʥʦ

ʚʨʝʤʝ T- ʠ O2-ʪʝʩʪʚʘʥʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʩʘ ʥʘ TTA-UC ʚ ʥʘʥʦʢʘʧʩʫʣʠʨʘʥʘ ʤʘʪʨʠʮʘ

ʦʪ ʤʝʢʘ ʤʘʪʝʨʠʷ ʩ ʠʟʷʚʝʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ.

ɿʘʙʝʣʝʞʢʘ: ʊʘʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʙʷʭʘ ʧʦʜʢʨʝʧʝʥʠ ʦʪ Max Planck Institute for Polymer

Research, Mainz, Germany ʠ ɻʨʘʥʪ # 732794 “Nano-confined photonic system for detection

of breast cancer spread to the lymph nodes”, H2020-ICT-2016-1, Photonics KET: HypoSens ī

ʇʨʦʝʢʪ, Eʋ.

ɺ ʜʠʩʝʨʪʘʮʠʷʪʘ ʝ ʥʘʧʨʘʚʝʥ ʦʙʩʪʦʝʥ ʘʥʘʣʠʟ ʥʘ ʠʟʚʝʩʪʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ

ʚʲʪʨʝʢʣʝʪʲʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʢʠʩʣʦʨʦʜ. ʂʘʪʦ ʧʨʠʤʝʨ ʟʘ

ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʥʝʨʝʰʝʥʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ, ʱʝ ʮʠʪʠʨʘʤ [295, 194] “…the local

temperature change is probably the single biggest source of error in optical sensors for

oxygen…”. ʆʱʝ ʧʦʚʝʯʝ, ʯʝ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʤʝʪʦʜʠ [306] ʠʥʪʝʨʬʝʨʠʨʘʪ ʩ ʤʝʪʘʙʦʣʠʟʤʘ

ʥʘ ʢʣʝʪʢʘʪʘ.

ʉʫʤʠʨʘʡʢʠ ʜʦʚʦʜʠʪʝ, ʠʟʪʲʢʥʘʪʠ ʥʘ ʩʪʨʘʥʠʮʠ 279-282 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ, ʤʦʞʝ ʜʘ ʩʝ

ʥʘʧʨʘʚʠ ʟʘʢʣʶʯʝʥʠʝʪʦ, ʯʝ ʚʩʝ ʦʱʝ ʚʲʪʨʝʢʣʝʪʲʯʥʦʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʠ ʤʠʥʠʤʘʣʥʦ

ʠʥʚʘʟʠʚʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʣʦʢʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʢʠʩʣʦʨʦʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ

ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʲʱʝʩʪʚʝʥ ʪʝʭʥʦʣʦʛʠʯʝʥ ʠ ʥʘʫʯʝʥ ʧʨʦʙʣʝʤ.

ʇʦʜ “ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʘ ʪʝʩʪʚʘʱʘ ʧʨʦʮʝʜʫʨʘ” ʩʝ ʨʘʟʙʠʨʘ ʯʝ:

(i) – O2&T-ʪʝʩʪʚʘʥʝʪʦ ʥʝ ʧʨʦʤʝʥʷ pH-ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʢʣʝʪʢʘʪʘ; ɺʠʩʢʦʟʥʦʩʪʪʘ Ⱬ; ʅʝ

ʪʨʠʛʝʨʠʨʘ ʥʝʞʝʣʘʥʠ ʭʠʤʠʯʝʩʢʠ ʨʝʘʢʮʠʠ; ʅʝ ʠʥʪʝʨʬʝʨʠʨʘ ʩ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʢʣʝʪʢʘʪʘ.

(ii) – ʂʨʠʪʠʯʥʦ ʠʟʠʩʢʚʘʥʝ ʝ ʠʟʤʝʨʚʘʥʝʪʦ ʜʘ ʥʝ ʝ ʝʜʥʦʢʨʘʪʥʦ, ʘ ʜʘ ʝ ʚʲʟʤʦʞʥʦ

ʧʨʦʩʣʝʜʷʚʘʥʝʪʦ ʚ ʜʠʥʘʤʠʯʝʥ ʨʝʞʠʤ ʥʘ O2&T ʠʟʤʝʥʝʥʠʷʪʘ, ʢʘʪʦ ʩʣʝʜʩʪʚʠʝ ʥʘ ʢʣʝʪʲʯʥʠʷ

ʦʪʛʦʚʦʨ ʥʘ ʚʲʥʰʥʠ ʚʲʟʜʝʡʩʪʚʠʷ – ʙʦʣʝʩʪʦʪʚʦʨʥʠ ʚʣʠʷʥʠʷ, ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ ʩʨʝʜʘʪʘ ʥʘ
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ʦʙʠʪʘʥʠʝ ʠ ʣʝʢʘʨʩʪʚʘ. ʂʦʤʙʠʥʠʨʘʥʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʥʘ ʥʘʥʦʢʘʧʩʫʣʨʘʥʝʪʦ [12, 311] ʠ

ʧʨʦʮʝʩʘ ʥʘ ʘʥʠʭʠʣʘʮʠʦʥʥʘ up-ʢʦʥʚʝʨʩʠʷ [G15, G16], ʥʠ ʧʦʟʚʦʣʠ ʜʘ ʩʲʟʜʘʜʝʤ ʥʘʥʦʩʝʥʟʦʨ,

ʢʦʡʪʦ ʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʨʘʟʛʨʘʥʠʯʠ ʚʣʠʷʥʠʝʪʦ ʥʘ O2 ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ, ʣʦʢʘʣʥʘʪʘ T, ʠ

ʣʦʢʘʣʥʘʪʘ ʜʠʬʫʟʠʷ ʥʘ O2. ʇʨʠ ʚʥʠʤʘʪʝʣʥʦ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ ʥʘ

ʦʙʚʠʚʢʘʪʘ ʥʘ ʥʘʥʦʩʝʥʟʦʨʘ ʢʲʤ ʢʠʩʣʦʨʦʜ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʲʩʪʦʷʥʠʝ, ʚ ʢʦʝʪʦ

ʩʢʦʨʦʩʪʪʘ ʥʘ ʧʨʦʥʠʢʚʘʥʝ ʥʘ ʢʠʩʣʦʨʦʜ ʜʘ ʝ ʤʥʦʛʦ ʧʦ-ʤʘʣʢʘ ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʭʠʤʠʯʝʩʢʦʪʦ

ʤʫ ʩʚʲʨʟʚʘʥʝ ʩ ʤʦʣʝʢʫʣʠʪʝ ʥʘ SSOS, ʪʘʢʘ ʯʝ ʟʘ ʚʨʝʤʝʪʦ ʥʘ ʥʘʧʦʤʚʘʱʠʷ ʠʤʧʫʣʩ,

ʥʘʥʦʩʝʥʟʦʨʘ ʝ ʥʘʧʲʣʥʦ ʩʚʦʙʦʜʝʥ ʦʪ ʢʠʩʣʦʨʦʜ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʘʢʦ ʩʝ ʠʟʤʝʨʠ

ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʩʠʛʥʘʣʠʪʝ ʥʘ dF ʠ rPh (ʌʠʛʫʨʘ 12.1) ʱʝ ʙʲʜʝ ʠʟʚʝʩʪʥʘ ʣʦʢʘʣʥʘʪʘ

ʪʝʤʧʝʨʘʪʫʨʘ. ɸʢʦ ʩʝ ʠʟʤʝʨʠ ʚʨʝʤʝʪʦ ʟʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʥʘ dF, ʪʦ ʪʦʚʘ ʱʝ ʝ ʤʷʨʢʘ

ʟʘ ʥʘʯʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʥʘʥʦʩʝʥʟʦʨʘ. ʊʘʟʠ ʦʨʠʛʠʥʘʣʥʘ ʠʜʝʷ ʙʝʰʝ

ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʠʨʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ.

ʌʠʛʫʨʘ 12.1: ʆʧʨʦʩʪʝʥʘ ʩʭʝʤʘ ʥʘ TTA-UC ʚ ʘʪʤʦʩʬʝʨʘ, ʢʦʥʪʘʤʠʥʠʨʘʥʘ ʩ ʢʠʩʣʦʨʦʜ.

ʅʘ ʩʪʨʘʥʠʮʠ 283-286 ʩʘ ʦʧʠʩʘʥʠ ʩʝʣʝʢʮʠʦʥʥʠʪʝ ʢʨʠʪʝʨʠʠ, ʥʘ ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʦʪʛʦʚʘʨʷʪ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠʪʝ, ʝʤʠʪʝʨʠʪʝ ʠ ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʢʦʥʩʫʤʘʪʦʨʠʪʝ ʥʘ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ.

12.1. ʆʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʷʜʨʦʪʦ ʥʘ ʥʘʥʦʩʝʥʟʦʨʘ
ɺ ʪʘʙʣʠʮʘ 12.1 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʢʦʠʪʦ ʙʷʭʘ ʧʨʦʤʝʥʷʥʠ ʩ

ʮʝʣ ʜʘ ʩʝ ʧʦʩʪʠʛʥʘʪ ʦʧʪʠʤʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ O2&T ʥʘʥʦʩʝʥʟʦʨʘ. ɺʘʨʠʨʘʥʠ ʙʷʭʘ

ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʚʦʩʲʢ/ʤʘʩʣʦ (TG ʥʘ ʤʘʪʨʠʮʘʪʘ), ʪʠʧʘ ʥʘ ʪʝʥʟʠʜʠʪʝ (ʪʝʭʥʠʷʪ ʭʠʜʨʦʬʠʣʝʥ-

ʣʠʧʦʬʠʣʝʥ ʙʘʣʘʥʩ, ʦʪ HLB = 15.3 ʜʦ HLB = 10.0), ʘʤʬʠʬʠʣʥʦʩʪʪʘ ʥʘ ʝʤʠʪʝʨʥʠʪʝ

ʤʦʣʝʢʫʣʠ, ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʝʤʦʣʠʝʥʪʠʪʝ ʢʘʢʪʦ ʠ Q-ʣʠʥʠʷʪʘ ʥʘ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʠʪʝ, ʢʘʪʦ

ʮʷʣʦ – ʧʦʚʝʯʝ ʦʪ S = 2×105 ʦʧʪʠʤʠʟʘʮʠʦʥʥʠ ʩʪʲʧʢʠ (!).
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Table 12.1: ʆʧʪʠʤʠʟʠʨʘʥʝ ʥʘ TG ʤʘʪʨʠʮʘʪʘ ʥʘ ʷʜʨʦʪʦ ʥʘ ʥʘʥʦʩʝʥʟʦʨʘ: ʧʘʨʘʤʝʪʨʠ
Emitter molecules

(hydrophobicity tuning)
Y805 / Y833 / Y921

3×
Sensitizer molecules

Q-band absorption tuning
PdTBP / PdTNP

2×
Matrix material
Wax type, Tmelting

Carnauba wax / Beeswax / Paraffin wax
3×

Emollients
Natural oils

Rice bran oil / Argan oil / Soybean oil / Peanut oil
4×

Surfactants
Non-ionic, biocompatible

Tween 81 / Tween 80 / Brij 78 /
3×

Amphiphilicity tuning
Emollient type

OMe-PEG350 / TX100 / Glycerol / L-Ŭ-Lecithin
4×

TG tuning
Wax / Oil Ratio

30/70; 40/60; 50/50; 60/40; 70/30
5×

Amphiphilicity tuning
Emollient amount

0,3%wt / 0,6%wt / 1,2%wt / 1,8%wt
4×

Temperature
Calibration points

5°C / 10°C / 15°C / 20°C / 25°C / 30°C / 35°C / 40°C / 45°C
9×

12.1.2. ʄʘʪʝʨʠʘʣʥʘ ʢʦʤʧʦʟʠʮʠʷ

(1) – ɿʘ ʚʩʠʯʢʠ ʧʨʝʜʚʘʨʠʪʝʣʥʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʠ ʝʢʩʧʝʨʠʤʝʪʥʠ, ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʙʝʰʝ ʢʦʥʩʪʘʥʪʥʘ, 1×10-5 M.
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ʌʠʛʫʨʘ 12.4: ɸʙʩʦʨʙʮʠʦʥʥʠ (ʯʝʨʚʝʥʘʪʘ ʣʠʥʠʷ) ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠ (ʩʠʥʷʪʘ ʣʠʥʠʷ) ʩʧʝʢʪʨʠ ʥʘ ʝʤʠʪʝʨʠʪʝ a,
b and c. ʀʥʩʝʪ: ʉʪʨʫʢʪʫʨʠ ʥʘ: (a) – 3,10-Bis(4-tert-butylphenyl)perylene, ʦʙʦʟʥʘʯʝʥ ʢʘʪʦ Y805; (b) – 3,9(10)-
bis(3,5-dimethoxyphenyl) perylene ʦʙʦʟʥʘʯʝʥ ʢʘʪʦ Y833; (c) – 3,4,9,10-tetra(butoxycarbonyl) perylene,
ʦʙʦʟʥʘʯʝʥ ʢʘʪʦ Y921.
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(2) – ɽʤʠʪʝʨʥʠʪʝ ʤʦʣʝʢʫʣʠ ʩʘ ʜʝʨʠʚʘʪʠ ʥʘ ʧʝʨʠʣʝʥʘ, ʩ ʥʘʨʘʩʪʚʘʱʘ ʘʤʬʠʬʠʣʥʦʩʪ (A).

ʄʦʣʘʨʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʰʝ ʢʦʥʩʪʘʥʪʥʘ, 2×10-4 M. ʉʪʨʫʢʪʫʨʠʪʝ ʥʘ ʩʠʥʪʝʥʟʠʨʘʥʠʪʝ ʚ

ʤʦʷʪʘ ʛʨʫʧʘ ʝʤʠʪʝʨʠ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛʫʨʘ 12.4. ɼʦʢʘʪʦ Y805 ʝ ʥʘʧʲʣʥʦ ʭʠʜʨʦʬʦʙʝʥ,

Y833 ʠ Y921 ʩʘ ʩ ʥʘʨʘʩʪʚʘʱʘ ʘʤʬʠʬʠʣʥʦʩʪ: - ɸY805 < AY833 <AY921. ʊʲʡ ʢʘʪʦ

ʘʙʩʦʨʙʮʠʦʥʥʠʪʝ ʩʧʝʢʪʨʠ ʩʘ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʠ, ʯʨʝʟ ʜʝʢʦʨʘʮʠʷʪʘ ʥʘ ʮʝʥʪʨʘʣʥʘʪʘ

ʩʪʨʫʢʪʫʨʘ ʝ ʧʦʩʪʠʛʥʘʪʦ ʤʦʜʫʣʠʨʘʥʝ ʥʘ ʣʦʢʘʣʥʘʪʘ ʧʦʜʚʠʞʥʦʩʪ ʥʘ ʝʤʠʪʝʨʥʘʪʘ ʤʦʣʝʢʫʣʘ,

ʠ ʦʪ ʪʘʤ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʨʦʪʘʮʠʦʥʥʘʪʘ ʜʠʬʫʟʠʷ, (RD).

(3) – ʄʘʪʨʠʮʘʪʘ ʥʘ ʷʜʨʦʪʦ ʪʨʷʙʚʘ ʜʘ ʦʩʠʛʫʨʠ ʥʘʨʘʩʪʚʘʱʘ RD ʟʘ ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ ʩ

ʮʝʥʪʲʨ – ʬʠʟʠʦʣʦʛʠʯʥʦ ʩʲʱʝʩʪʚʝʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 36° C. ʀʟʧʦʣʟʚʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ

(ʭʨʘʥʠʪʝʣʥʠ ʜʦʙʘʚʢʠ, ʫʪʚʲʨʜʝʥʠ ʦʪ FDA) ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛʫʨʘ 12.5.

Main ingredient / structure

Beeswax

Composition  Monoesters 35%,
Hydrocarbons 14%, Diesters 14%, Triesters 3%, Hydroxy monoesters 4%, Hydroxy
polyesters 8%, Acid esters 1%, Acid polyesters 2%, Free fatty acids 12%, Free fatty
alcohols 1%

Carnauba
wax

Composition

Aliphatic esters 40 %, Diesters of 4-hydroxy-cinnamic acid
21.0 %, ɤ-Hydroxycarboxylic acids 13.0 %, Fatty alcohols 12 %, Predominantly derived
from acids and alcohols in the C26-C30 range

ʌʠʛʫʨʘ 12.5: ʂʦʤʧʦʟʠʮʠʷ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʝʩʪʝʩʪʚʝʥʠ ʚʦʩʲʮʠ. ʉʪʨʫʢʪʫʨʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʠʥʛʨʘʜʠʝʥʪʠ.

(4) – ʂʘʪʦ ʤʦʜʫʣʘʪʦʨʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʩʪʲʢʣʷʚʘʥʝ, ʠ ʩʲʱʝʚʨʝʤʝʥʥʦ ʢʘʪʦ SSOS

ʟʘʱʠʪʘ ʦʪ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʝʨʠʷ ʦʪ ʝʩʪʝʩʪʚʝʥʠ ʤʘʩʣʘ.

(5) – ʂʘʪʦ ʝʤʫʣʠʝʥʪʠ – ʤʦʜʫʣʘʪʦʨʠ ʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ TTA-UC ʦʪ

ʪʝʤʧeʨʪʫʨʘʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʤʘʢʨʦʤʦʣʝʢʫʣʠʪʝ, ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛʫʨʘ 12.6.

Poly(ethylene glycol) methyl ether  marked further as:
OMe-PEG350

a
polyethylene glycol p-(1,1,3,3-tetramethylbutyl)-
phenyl ether (Triton X-100), marked further as:
TX100 b
Glycerol

c
L-Ŭ-Lecithin, marked further as:
Lecithin

                                 d

ʌʠʛʫʨʘ 12.6: ʉʪʨʫʢʪʫʨʠ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʝʤʫʣʠʝʥʪʠ: a – OMe-PEG350; b – Triton X-100; c – glycerol; d –
lecithin.
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12.1.3. ʇʨʦʮʝʜʫʨʘ ʟʘ T-ʠʟʤʝʨʚʘʥʝ

ʊʲʡ ʢʘʪʦ ʬʦʨʤʘʪʘ ʥʘ ʩʧʝʢʪʨʠʪʝ ʥʘ dF ʠ rPh ʥʝ ʩʝ ʠʟʤʝʥʷ ʧʦ ʚʨʝʤʝ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ, ʚʤʝʩʪʦ

ʠʥʪʝʛʨʘʣʝʥ ʩʠʛʥʘʣ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʤʘʢʩʠʤʫʤʘ ʥʘ ʩʠʛʥʘʣʘ.

PdTBP / Y-921 in 40 % wt. argan oil / 60 % carnauba wax
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ʌʠʛʫʨʘ 12.7. ʉʭʝʤʘʪʠʯʥʦ – ʧʨʦʮʝʜʫʨʘ ʟʘ ʥʘʧʲʣʥʦ-ʦʧʪʠʯʥʦ ʠ ʨʘʪʠʦʤʝʪʨʠʯʥʦ ʪʝʩʪʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ
ʯʨʝʟ ʙʠʦʩʲʚʤʝʩʪʠʤ ʦʨʛʘʥʦʛʝʣ, ʢʘʧʩʫʣʠʨʘʱ TTA-UC ʩʠʩʪʝʤʘʪʘ. (a) – ʃʫʤʠʥʝʩʮʝʥʮʠʷ ʥʘ TTA-UC,
ʩʲʩʪʦʷʱʘ ʩʝ ʦʪ PdTBP / BCP in 40 % wt. argan oil / 60 % carnauba wax; (b) – ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ
ʩʠʛʥʘʣʠʪʝ ʥʘ dF (ʩʠʥʠ ʢʘʚʘʜʨʘʪʠ) ʠ rPh (ʯʝʨʚʝʥʠ ʢʨʲʛʦʚʝ); (c) – ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʦʪʥʦʰʝʥʠʝʪʦ dF/rPh ʦʪ
ʣʦʢʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ; (d) – ʅʦʨʤʠʨʘʥʝ ʥʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ dF/rPh ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʧʨʠ T =
5°; ʏʝʨʚʝʥʘʪʘ ʢʨʠʚʘ ʝ ʝʢʩʧʦʥʝʥʮʠʘʣʝʥ ʬʠʪ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʪʦʯʢʠ.

ʈʘʪʠʦʤʝʪʨʠʯʥʠʷʪ ʦʪʢʣʠʢ ʥʘ TTA-UC ʩʠʩʪʝʤʘʪʘ, ʧʦʤʝʩʪʝʥʘ ʚ ʙʠʦʩʲʚʤʝʩʪʠʤʘ ʦʨʛʘʥʦʛʝʣʥʘ

ʤʘʪʨʠʮʘ ʝ ʧʨʝʜʩʪʚʝʥ ʥʘ ʌʠʛʫʨʘ 12.7ʘ. ʀʥʪʝʥʟʠʪʝʪʠʪʝ ʥʘ dF (ʌʠʛʫʨʘ 12.7a, l = 520 nm) ʠ

rPh (ʌʠʛʫʨʘ 12.7a, of l = 795 nm) ʩʘ ʩʨʘʚʥʠʤʠ ʠ ʙʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ

ʦʧʪʠʯʥʠ ʬʠʣʪʨʠ. ʅʘ ʌʠʛʫʨʘ 12.7d ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʨʘʡʥʠʷ ʨʝʟʫʣʪ ʥʘ ʥʦʨʤʠʨʘʥʘʪʘ

ʪʝʤʧʝʨʘʪʫʨʥʘ ʢʘʣʠʙʨʦʚʲʯʥʘ ʢʨʠʚʘ (ʩʪʦʡʥʦʩʪʠ ʥʘ ʦʪʥʦʰʝʥʠʝʪʦ dF/ rPh ʟʘ ʥʘʡ-ʥʠʩʢʘʪʘ

ʪʝʤʧʝʨʘʪʫʨʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʧʘʨʘʤʝʪʲʨ ʟʘ ʥʦʨʤʠʨʘʥʝ). ʊʘʟʠ ʢʘʣʠʙʨʦʚʲʯʥʘ ʢʨʠʚʘ ʝ

ʚʘʣʠʜʥʘ ʩʘʤʦ ʟʘ ʩʪʦʡʥʦʩʪʠ ʥʘ dF/ rPh, ʠʟʤʝʨʝʥʠ ʚ ʩʪʘʮʠʦʥʘʨʝʥ ʨʝʞʠʤ – ʪ.ʝ. ʢʦʛʘʪʦ

ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜʘ ʚ ʥʘʥʦʩʝʥʟʦʨʘ ʝ ʢʦʥʩʫʤʠʨʘʥʘ ʥʘʧʲʣʥʦ.

ʅʘ ʩʪʨʘʥʠʮʠ 290 – 298 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ ʩʘ ʦʧʠʩʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʜʦʚʝʣʠ ʜʦ

ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʦʧʪʠʤʘʣʥʦʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ / ʝʤʠʪʝʨ / ʚʦʩʲʯʥʦ-ʤʘʩʣʝʥʘ
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ʤʘʪʨʠʮʘ / ʝʤʦʣʠʝʥʪ ʩ ʮʝʣ ʧʦʩʪʠʛʘʥʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘ ʟʘʱʠʪʘ ʥʘ ʥʘʥʦʩʝʥʟʦʨʘ ʠ ʦʧʪʠʤʘʣʥʘ

ʪʝʤʧʝʨʘʪʫʨʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ. ʆʪ ʌʠʛʫʨʘ 12.22 (ʩʠʥʠ ʪʨʠʲʛʲʣʥʠʮʠ) ʩʝ ʚʠʞʜʘ, ʯʝ

ʤʘʪʝʨʠʘʣʥʘʪʘ ʢʦʤʧʦʟʠʮʠʷ PdTBP / Y921 / 0,6% wt. OMe-PEG350 / 40% wt. carnauba wax /

59.6% wt. RBO ʧʦʢʘʟʚʘ ʧʦʚʝʯʝ ʦʪ 15 ʧʲʪʠ ʠʟʤʝʥʝʥʠʝ ʥʘ ʦʪʥʦʰʝʥʠʝʪʦ dF/ rPh ʟʘ

ʪʝʤʧʝʨʘʪʫʨʝʥ ʠʥʪʝʨʚʘʣ ʦʪ DT = 5°C - 45°C ʨʘʟʧʦʣʦʞʝʥ ʦʢʦʣʦ ~ 36°C.
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 in 1,8% wt. PEG 350 / 40% wt. carnauba wax/ 58,2% wt. RBO

Temperature, °C
ʌʠʛʫʨʘ 12.22: ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʥʦʨʤʠʨʘʥʦʪʦ ʦʪʥʦʰʝʥʠʝ dF / rPh ʟʘ TTA-UC ʩʠʩʪʝʤʘ,
ʙʘʟʠʨʘʥʘ ʥʘ PdTBP / Y921, ʧʦʤʝʩʪʝʥʘ ʚ ʤʘʪʨʠʮʘ ʩ ʠʟʤʝʥʷʱʘ ʩʝ % wt. ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ OMe-PEG350.
ʋʩʣʦʚʠʷ: ɸʪʤʦʩʬʝʨʘ (O2 > 20% vol.); Iexc = 20mW×cm-2; ɼʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʥʘ ʚʲʟʙʫʞʜʘʥʝ l = 635.
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ʌʠʛʫʨʘ 12.23: (a) – ʃʫʤʠʥʝʩʮʝʥʪʥʠ ʩʧʝʢʪʨʠ ʥʘ UC-ʩʠʩʪʝʤʘ, ʩʲʩʪʦʷʱʘ ʩʝ ʦʪ PdTBP / Y921, ʧʦʤʝʩʪʝʥʘ ʚ
ʤʘʪʨʠʮʘ, ʩʲʜʲʨʞʘʱʘ 0,6% wt. OMe-PEG350, / 40% wt. carnauba wax / 59,4% wt. RBO ʟʘ ʨʘʟʣʠʯʥʠ
ʪʝʤʧʝʨʘʪʫʨʠ; (b) – ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʩʠʛʥʘʣʠʪʝ ʥʘ dF (at lmax=520 nm) ʠ rPh
(at lmax=795 nm). ʋʩʣʦʚʠʷ: ʅʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʘʪʤʦʩʬʝʨʘ (O2 > 20% vol.); Iexc = 20mW×cm-2; ɚexc  = 635.
ʉʧʝʢʪʨʠʪʝ ʩʘ ʟʘʧʠʩʘʥʠ ʚ ʤʦʤʝʥʪʘ t = 200 s ʩʣʝʜ ʥʘʯʘʣʦʪʦ ʥʘ ʦʧʪʠʯʝʩʢʦʪʦ ʥʘʧʦʤʚʘʥʝ.

ʆʪ ʌʠʛʫʨʘ ʌʠʛʫʨʘ 12.23b ʩʝ ʚʠʞʜʘ, ʯʝ ʩʠʛʥʘʣʲʪ dF ʥʘʨʘʩʪʚʘ ʤʦʥʦʪʦʥʥʦ, ʜʦʢʘʪʦ ʩʠʛʥʘʣʲʪ

ʥʘ rPh ʥʘʤʘʣʷʚʘ ʤʦʥʦʪʦʥʥʦ, ʢʦʝʪʦ ʟʘʝʜʥʦ ʩʲʩ ʩʨʘʚʥʠʤʠʪʝ ʠʥʪʝʥʟʠʪʝʪʠ  (ʌʠʛʫʨʘ 12.23.ʘ)

ʦʧʨʦʩʪʷʚʘ ʟʥʘʯʠʪʝʣʥʦ ʦʧʪʠʯʝʩʢʘʪʘ ʨʝʛʠʩʪʨʘʮʠʷ, ʠ ʜʦʧʨʠʥʘʩʷ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʠ

ʚʲʟʧʨʦʠʟʚʦʜʠʤʦʩʪʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ.
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12.2. ɹʠʦʩʲʚʤʝʩʪʠʤʠ ʥʘʥʦʯʘʩʪʠʮʠ ʟʘ ʊ-ʠʟʤʝʨʚʘʥʠʷ ʚ ʢʣʝʪʲʯʥʠ ʢʫʣʪʫʨʠ

ʄʦʪʠʚʘʮʠʷ: ʊʫʢ ʱʝ ʧʨʝʜʩʪʘʚʷ ʙʠʦʩʲʚʤʝʩʪʠʤʠ ʥʘʥʦʯʘʩʪʠʮʠ, ʠʟʛʨʘʜʝʥʠ ʦʪ ʚʝʱʝʩʪʚʘ

ʦʧʨʝʜʝʣʝʥʠ ʦʪ FDA ʢʘʪʦ ʭʨʘʥʠʪʝʣʥʠ ʜʦʙʘʚʢʠ, ʜʝʤʦʥʩʪʨʠʨʘʱʠ ʝʬʝʢʪʠʚʥʘ ʟʘʱʠʪʘ

ʩʨʝʱʫ ʜʝʘʢʪʠʚʘʮʠʷ ʦʪ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ ʠ ʦʧʪʠʤʠʨʘʥʠ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʬʠʟʠʦʣʦʛʠʯʥʦ-

ʩʲʱʝʩʪʚʝʥʠ ʪʝʤʧʝʨʘʪʫʨʠ.

ɼʦʧʲʣʥʠʪʝʣʝʥ ʧʨʦʙʣʝʤ ʩʲʟʜʘʚʘ ʬʘʢʪʲʪ, ʯʝ ʚ ʪʨʠʤʝʨʥʘ ʩʨʝʜʘ (3D-environment) ʧʨʦʮʝʩʲʪ

ʥʘ ʜʠʬʫʟʠʷ ʥʘ ʢʠʩʣʦʨʦʜ ʢʲʤ ʩʲʨʮʝʚʠʥʘʪʘ ʥʘ ʥʘʥʦʩʝʥʟʦʨʘ ʥʘʨʘʩʪʚʘ ʟʥʘʯʠʪʝʣʥʦ. ʊʦʟʠ ʬʘʢʪ

ʚʣʠʷʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʠ ʚʲʟʧʨʦʠʟʚʦʜʠʤʦʩʪʪʘ ʥʘ ʊ-ʪʝʩʪʚʘʱʘ ʥʘʥʦ-ʩʠʩʪʝʤʘ. ʊʲʡ ʢʘʪʦ

ʮʝʣʪʘ ʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʞʠʚʠ ʢʣʝʪʲʯʥʠ ʢʫʣʪʫʨʠ, ʠʟʙʦʨʲʪ ʥʘ ʪʝʥʟʠʜʠ ʝ ʟʥʘʯʠʪʝʣʥʦ

ʦʛʨʘʥʠʯʝʥ – ʜʦ ʪʝʟʠ ʩ ʠʟʷʚʝʥʘ ʙʠʦʩʲʚʤʝʩʪʠʤʦʩʪ. ʅʘ ʌʠʛʫʨʘ 12.24 ʩʘ ʧʨʝʜʩʪʚʝʥʠ

ʩʪʨʫʢʪʫʨʠʪʝ  ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʙʠʦʩʲʚʤʝʩʪʠʤʠ ʪʝʥʟʠʜʠ.

polyethylene glycol octadecyl ether
brij 78

Polyethylene glycol sorbitan monolaurate
Tween 20

b
polyoxyethylenesorbitan monooleate
(w + x + y + z = 20)
tween 81

ʌʠʛʫʨʘ 12.24: ʉʪʨʫʢʪʫʨʠ ʥʘ ʙʠʦʩʲʚʤʝʩʪʠʤʠʪʝ ʪʝʥʟʠʜʠ: a – Brij 78; b – Tween 20; c – Tween 81.

ʅʘ ʌʠʛʫʨʘ 12.25 ʝ ʧʨʝʜʩʪʘʚʝʥ ʧʨʠʤʝʨ ʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʥʘʥʦʩʝʥʟʦʨʠ, ʣʫʤʠʥʝʩʮʝʥʪʝʥ

ʩʧʝʢʪʲʨ (ʣʷʚʦ) ʠ SEM-ʤʠʢʨʦʛʨʘʬ (ʜʷʩʥʦ).
PdTBP / Y-805 / RBO / carnauba wax / brij 78
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ʌʠʛʫʨʘ 12.25: (a) – ʃʫʤʠʥʝʩʮʝʥʪʝʥ ʩʧʝʢʪʲʨ ʥʘ ʚʦʜʥʘ ʜʠʩʧʝʨʩʠʷ (10% wt. ʜʠʩʧʝʨʩʥʘ ʬʘʟʘ) ʥʘ UC –
ʥʘʥʦʯʘʩʪʠʮʠ: ʤʘʪʝʨʠʘʣʥʘ ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʷʜʨʦʪʦ – PdTBP / Y805 / 40 % wt. carnauba wax / 60 % wt. RBO;
surfactant – brij 78 ʟʘ ʢʦʥʢʨʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ – T = 35°C. ʋʩʣʦʚʠʷ: ɚexc = 635 nm; ʅʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ
ʘʪʤʦʩʬʝʨʘ ʥʘʜ ʚʦʜʥʘʪʘ ʬʘʟʘ; (b) – SEM-ʤʠʢʨʦʛʨʘʬ ʥʘ ʥʘʥʦʩʝʥʟʦʨʠʪʝ.
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ʌʠʛʫʨʘ 12.29: ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʩʠʛʥʘʣʠʪʝ ʥʘ dF (lmax=520 nm) ʠ rPh (lmax=795 nm) ʟʘ ʚʦʜʥʘ
ʜʠʩʧʝʨʩʠʷ (10% wt. ʜʠʩʧʝʨʩʥʘ ʬʘʟʘ) ʥʘ UC – ʥʘʥʦʩʝʥʟʦʨʠ: ʤʘʪʝʨʠʘʣʥʘ ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʷʜʨʦʪʦ – PdTBP /
Y921 / 39,4 % wt. carnauba wax / 60 % wt. RBO / 0,6% wt. MeO-PEG350; surfactant – tween 81; ʋʩʣʦʚʠʷ: ɚexc

= 635 nm; ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʘʪʤʦʩʬʝʨʘ ʥʘʜ ʚʦʜʥʘʪʘ ʬʘʟʘ; ʊʝʤʧʝʨʘʪʫʨʝʥ ʜʠʘʧʘʟʦʥ: DT ~ 5¯C - 45¯C;
ɺʨʝʤʝ ʥʘ ʠʥʪʝʛʨʠʨʘʥʝ tAQ = 200 ms; ʉʧʝʢʪʨʠʪʝ ʩʝ ʧʦʣʫʯʝʥʠ ʚ ʤʦʤʝʥʪʘ t = 10 s ʩʣʝʜ ʥʘʯʘʣʦʪʦ ʥʘ ʦʧʪʠʯʝʩʢʦʪʦ
ʥʘʧʦʤʚʘʥʝ.
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ʌʠʛʫʨʘ 12.30: ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʥʦʨʤʠʨʘʥʦʪʦ ʦʪʥʦʰʝʥʠʝ dF / rPh ʟʘ ʚʦʜʥʘ ʜʠʩʧʝʨʩʠʷ (10% wt.
ʜʠʩʧʝʨʩʥʘ ʬʘʟʘ) ʥʘ UC – ʥʘʥʦʩʝʥʟʦʨʠ: ʤʘʪʝʨʠʘʣʥʘ ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʷʜʨʦʪʦ – PdTBP / Y921 / 39,4 % wt.
carnauba wax / 60 % wt. RBO / 0,6% wt. MeO-PEG350; surfactant – tween 81; ʋʩʣʦʚʠʷ: ɚexc = 635 nm;
ʊʝʤʧʝʨʘʪʫʨʝʥ ʜʠʘʧʘʟʦʥ: DT ~ 5¯C - 45¯C; ɺʨʝʤʝ ʥʘ ʠʥʪʝʛʨʠʨʘʥʝ tAQ = 200 ms; ʉʧʝʢʪʨʠʪʝ ʩʝ ʧʦʣʫʯʝʥʠ ʚ
ʤʦʤʝʥʪʘ t = 10 s ʩʣʝʜ ʥʘʯʘʣʦʪʦ ʥʘ ʦʧʪʠʯʝʩʢʦʪʦ ʥʘʧʦʤʚʘʥʝ.

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʌʠʛʫʨʘ 12.29, ʩʠʛʥʘʣʠʪʝ ʥʘ dF ʠ rPh ʠʤʘʪ ʦʪʥʦʚʦ ʩʨʘʚʥʠʤʠ

ʠʥʪʝʥʟʠʪʝʪʠ. ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʜʠʩʧʝʨʩʠʠʪʝ ʥʘ ʥʘʥʦʩʝʥʟʦʨʠʪʝ ʨʘʟʩʝʡʚʘʪ ʩʠʣʥʦ

ʣʲʯʝʥʠʝʪʦ ʥʘ ʥʘʧʦʤʧʚʘʱʠʷ ʣʘʟʝʨ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʛʦʣʷʤʦʪʦ ʚʲʣʥʦʚʦ ʦʪʩʪʦʷʥʠʝ ʥʘ

ʩʠʛʥʘʣʠʪʝ ʥʘ dF ʠ rPh ʝʜʠʥ ʦʪ ʜʨʫʛ, ʩʧʝʮʠʘʣʥʦ ʧʦʜʙʨʘʥ notch-ʬʠʣʪʲʨ ʧʦʜʪʠʩʢʘ

ʝʬʝʢʪʠʚʥʦ ʭʘʣʦʪʦ ʥʘ ʨʘʟʝʩʝʷʥʠʷʪ ʣʘʟʝʨ. ʆʪʥʦʚʦ (ʌʠʛʫʨʘ 12.29), NC-ʢʦʤʧʦʟʠʮʠʷʪʘ

(PdTBP / Y921 / carnauba wax / RBO / MeO-PEG350 / tween 81) ʜʝʤʦʥʩʪʨʠʨʘ ʩʪʨʦʛʦ
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ʤʦʥʦʪʦʥʥʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ dF–ʩʠʛʥʘʣʘ ʧʨʠ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʙʨʘʟʝʮʘ (ʪ.ʝ.

ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʝʪʥʦʪʦ ʥʘ ʥʘʧʦʤʧʚʘʥʝ), ʘ ʩʠʛʥʘʣʲʪ ʥʘ rPh - ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʦ

ʥʥʘʤʘʣʷʚʘʥʝ. ʆʪʥʦʰʝʥʠʝʪʦ dF / rPh ʩʝ ʠʟʤʝʥʷ ʧʦʚʝʯʝ ʦʪ 2,5 ʧʲʪʠ ʚʲʚ ʬʠʟʠʦʣʦʛʠʯʥʠʷ

ʪʝʤʧʝʨʘʪʫʨʝʥ ʧʨʦʟʦʨʝʮ: DT ~ 30¯C - 40¯C (ʧʦʢʘʟʘʥ ʥʘ ʌʠʛʫʨʘ 12.30). Tʦʚʘ ʧʦʟʚʦʣʷʚʘ

ʜʦʩʪʠʛʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ dT = 100 mK, ʠʟʤʝʨʝʥʘ ʧʦ

ʦʧʪʠʯʝʥ ʤʝʪʦʜ ʚ ʘʪʤʦʩʬʝʨʘ, ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ.

12.3. ɹʠʦʩʲʚʤʝʩʪʠʤʠ ʥʘʥʦʯʘʩʪʠʮʠ ʟʘ O2-ʠʟʤʝʨʚʘʥʠʷ ʚ ʢʣʝʪʲʯʥʠ
ʢʫʣʪʫʨʠ ....

ʄʦʪʠʚʘʮʠʷ: ɺ ʪʘʟʠ ʛʣʘʚʘ ʱʝ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ

ʦʨʠʛʠʥʘʣʥʘʪʘ ʠʜʝʷ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ O2 - ʯʨʝʟ ʚʨʝʤʝʪʦ ʥʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʟʘʢʲʩʥʷʣʘʪʘ

ʬʣʫʦʨʝʩʮʝʥʮʠʷ (ʩʠʛʥʘʣʲʪ ʥʘ ʊʊɸ-UC, dF). ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ

dF ʚʲʚ ʬʠʟʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʘʪʘ ʩʨʝʜʘ (ʩ ʢʦʥʪʨʦʣʠʨʘʥʘ ʜʠʬʫʟʠʷ ʥʘ ʢʠʩʣʦʨʦʜ) ʥʘ

ʥʘʥʦʩʝʥʟʦʨʘ ʢʘʪʦ ʤʷʨʢʘ ʟʘ ʩʪʘʮʠʦʥʘʨʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ O2, ʘ ʩʣʝʜ ʪʦʚʘ

ʩʪʘʮʠʦʥʘʨʥʦʪʦ ʟʥʘʯʝʥʠʝ ʥʘ ʦʪʥʦʰʝʥʠʝʪʦ dF / rPh ʢʘʪʦ ʤʷʨʢʘ ʥʘ ʣʦʢʘʣʥʘʪʘ T,

ʦʩʠʛʫʨʷʚʘ ʥʝʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʠʟʤʝʨʚʘʥʠʪʝ ʚʝʣʠʯʠʥʠ ʠ ʧʲʣʥʠʷʪ ʠʥʪʝʛʨʠʪʝʪ ʥʘ T&O2-

ʪʝʩʪʚʘʱʘʪʘ ʤʝʪʦʜʦʣʦʛʠʷ.

(1) ɼʝʤʦʥʩʪʨʠʨʘʥʘʪʘ ʤʝʪʦʜʦʣʦʛʠʷ ʝ ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʘ, ʟʘʱʦʪʦ ʪʝʩʪʚʘʱʠʪʝ

ʩʫʙʩʪʘʥʮʠʠ ʩʘ ʢʘʧʩʫʣʠʨʘʥʠ ʚ ʙʠʦʩʲʚʤʝʩʪʠʤʠ ʤʘʪʨʠʮʠ ʠ ʥʝ ʫʯʘʩʪʚʘʪ ʚ ʤʝʪʦʙʦʣʠʟʤʘ ʥʘ

ʢʣʝʪʢʘʪʘ, ʘ ʛʝʥʝʨʠʨʘʥʠʷʪ ʚ ʨʘʤʢʠʪʝ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ ʝ ʢʦʚʘʣʝʥʪʥʦ

ʩʚʲʨʟʘʥ ʢʲʤ ʫʣʦʚʢʠʪʝ, ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʥʘʥʦʩʝʥʟʦʨʘ.

(2) ʄʝʪʦʜʦʣʦʛʠʷʪʘ ʟʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʪʝʩʪʚʘʥʝ ʥʘ T&O2 ʠʟʧʦʣʟʚʘ ʜʠʬʫʟʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜʘ

ʚ ʦʩʥʦʚʥʦ ʩʲʩʪʦʷʥʠʝ, ʨʘʟʪʚʦʨʝʥ ʚ ʢʣʝʪʲʯʥʘʪʘ ʧʣʘʟʤʘ / ʣʠʤʬʘʪʠʯʥʘʪʘ ʪʝʯʥʦʩʪ, ʢʘʪʦ ʧʨʠ

ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʦʩʪʘʪʲʯʝʥ „ʆ2 ʩʚʲʨʟʚʘʱ ʢʘʧʘʮʠʪʝʪ“, ʜʦʩʪʘʚʷʥʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ

ʝʚʦʣʶʮʠʷʪʘ ʥʘ ʩʣʝʜʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʝ ʣʦʛʠʯʥʦ ʩʣʝʜʩʪʚʠʝ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʪʝʭʥʠʢʘ.

ʅʘ ʩʪʨʘʥʠʮʠ 305 – 314 ʦʪ ʜʠʩʝʨʪʘʮʠʷʪʘ ʝ ʦʧʠʩʘʥʦ ʭʘʨʘʢʪʝʨʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʥʘ

ʊʊɸ-UC ʧʨʦʮʝʩʘ ʚ ʩʨʝʜʘ ʢʦʥʪʘʤʠʥʠʨʘʥʘ ʩ ʢʠʩʣʦʨʦʜ, ʠ ʧʦ-ʩʧʝʮʠʘʣʥʦ ʜʠʬʫʟʠʷʪʘ ʥʘ

ʢʠʩʣʦʨʦʜ ʧʨʝʟ 3D-ʠʥʪʝʨʬʝʡʩ ʥʘ ʥʘʥʦʩʝʥʟʦʨʘ. ɹʝʰʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ 3D-ʜʠʬʫʟʠʷʪʘ ʝ

ʩʲʱʝʩʪʚʝʥʦ ʚʠʩʦʢʘ, ʠ ʝ ʥʝʦʙʭʦʜʦʤʦ ʜʘ ʩʝ ʪʲʨʩʷʪ ʥʦʚʠ ʙʠʦʩʲʚʤʝʩʪʠʤʠ ʢʦʥʩʫʤʘʪʦʨʠ ʥʘ

ʩʠʥʛʣʝʪʝʥ ʢʠʩʣʦʨʦʜ (SSOS) ʠ ʜʘ ʩʝ ʨʘʙʦʪʠ ʚ ʩʨʝʜʘ ʩ ʤʦʜʠʬʠʮʠʨʘʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ

ʢʠʩʣʦʨʦʜ, ʠʤʠʪʠʨʘʱ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʨʝʞʠʤ ʥʘ ʭʠʧʦʢʩʠʷ.



CHAPTER 12: All-optical temperature and oxygen sensing in malignant cells

108

12.3.2. ʅʘʥʦʩʝʥʟʦʨʠ, ʧʨʝʥʝʩʝʥʠ ʦʪ ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʩʨʝʜʘ ʚ ʩʨʝʜʘ ʩ ʧʦʥʠʞʝʥʦ
ʢʠʩʣʦʨʦʜʥʦ ʩʲʜʲʨʞʘʥʠʝ

ʉ ʮʝʣ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ „ʆ2 ʩʚʲʨʟʚʘʱʠʷ ʢʘʧʘʮʠʪʝʪ“ ʥʘ ʥʘʥʦʩʝʥʟʦʨʘ, ʯʘʩʪ ʦʪ SSOS –

ʤʘʪʝʨʠʘʣʘ RBO (ʤʘʩʣʦ ʦʪ ʦʨʠʟʦʚʠ ʣʶʩʧʠ) ʙʝʰʝ ʟʘʤʝʥʝʥʦ ʩ Squalene [314] (ʝʩʪʝʩʪʚʝʥ

ʪʝʨʧʝʥ, ʝʢʩʪʨʘʭʠʨʘʥ ʦʪ ʯʝʨʥʠʷʪ ʜʨʦʙ ʥʘ ʘʢʫʣʘ), ʢʦʡʪʦ ʥʝ ʠʟʤʝʥʷ ʩʲʱʝʩʪʚʝʥʦ T-ʦʪʢʣʠʢʘ

ʥʘ TTA-UC ʧʨʦʮʝʩʘ.

ʌʠʛʫʨʘ 12.44: ʉʭʝʤʘʪʠʯʥʦ – ʜʠʬʫʟʠʷ ʥʘ ʢʠʩʣʦʨʦʜ ʚ 3D-ʥʘʥʦʦʙʝʢʪ, ʟʘ ʩʣʫʯʘʷ “ʅʘʥʦʩʝʥʟʦʨʠ, ʧʨʝʥʝʩʝʥʠ ʦʪ
ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʩʨʝʜʘ / ʩʨʝʜʘ ʩ ʧʦʥʠʞʝʥʦ ʢʠʩʣʦʨʦʜʥʦ ʩʲʜʲʨʞʘʥʠʝ”. ʅʘʥʦʩʝʥʟʦʨʠʪʝ ʩʘ ʩʠʥʪʝʥʟʠʨʘʥʠ
ʠ ʩʲʭʨʘʥʷʚʘʥʠ ʚ ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʩʨʝʜʘ. ɿʘ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʝ ʠʟʧʦʣʟʚʥʠ ʩʚʝʞʠ ʦʙʨʘʟʮʠ – 1 ʯʘʩ ʩʣʝʜ
ʧʨʠʛʦʪʦʚʣʝʥʠʝʪʦ ʠʤ. NC-ʜʠʩʧʝʨʩʠʷʪʘ ʙʝʰʝ ʩʤʝʩʝʥʘ ʩ ʚʦʜʘ ʩ ʨʘʟʣʠʯʥʘ ʢʠʩʣʦʨʦʜʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ. ʉʣʝʜ 1
ʯʘʩ ʝʢʚʠʣʠʙʨʠʨʘʥʝ, ʩʝ ʧʨʝʜʧʦʣʘʛʘ ʯʝ ʢʠʩʣʦʨʦʜʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʲʪʨʝ ʚ NC ʝ ʧʦ-ʚʠʩʦʢʘ ʦʪ ʨʘʟʪʚʦʨʝʥʠʷ ʚ
ʦʢʨʲʞʘʚʘʱʘʪʘ ʚʦʜʘ ʢʠʩʣʦʨʦʜ, ʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʪʦʪʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʷʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜ ʚ
ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʬʘʟʘ. ʋʩʣʦʚʠʷ: ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ɼʠʩʪʠʣʠʨʘʥʘ ʚʦʜʘ; ɸʪʤʦʩʬʝʨʥʦ ʥʘʣʷʛʘʥʝ – 1 atm.

ʅʘ ʌʠʛʫʨʠ 12.45 ʠ 12.46 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʜʠʥʘʤʠʯʥʠʷʪ ʦʪʢʣʠʢ ʥʘ ʩʠʛʥʘʣʠʪʝ ʥʘ dF ʠ rPh ʚ

ʩʣʫʯʘʷ “ʅʘʥʦʩʝʥʟʦʨʠ, ʧʨʝʥʝʩʝʥʠ ʦʪ ʥʘʩʠʪʝʥʘ ʩ ʢʠʩʣʦʨʦʜ ʩʨʝʜʘ ʚ ʩʨʝʜʘ ʩ ʧʦʥʠʞʝʥʦ

ʢʠʩʣʦʨʦʜʥʦ ʩʲʜʲʨʞʘʥʠʝ”: ʚʦʜʥʘʪʘ ʬʘʟʘ ʙʝʰʝ ʝʢʚʠʣʠʙʨʠʨʘʥʘ ʜʦ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ

ʘʪʤʦʩʬʝʨʘ (ʥʘʜ ʚʦʜʥʘʪʘ ʬʘʟʘ, ʩʲʜʲʨʞʘʱʘ ʥʘʥʦʩʝʥʟʦʨʘ) ʩ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʠʩʣʦʨʦʜ,

ʠʟʤʝʥʷʱʘ ʩʝ ʧʦ ʣʦʛʘʨʠʪʤʠʯʝʥ ʟʘʢʦʥ, ʢʘʪʦ ʪʦʪʘʣʥʦʪʦ ʥʘʣʷʛʘʥʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʙʝʰʝ

ʢʦʥʩʪʘʥʪʥʦ - 1 atm.: ʦʪ 20% ʆ2- ʥʦʨʤʦʢʩʠʷ [315] ʜʦ 1% ʆ2 - ʭʠʧʦʢʩʠʷ [315].
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ʌʠʛʫʨʘ 12.45: ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʥʘʨʘʩʪʚʥʘʥʝ ʥʘ ʩʠʛʥʘʣʘ ʥʘ dF (at lmax=520 nm) ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ
ʢʠʩʣʦʨʦʜʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʬʘʟʘ (ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘʪʘ). UC – ʥʘʥʦʩʝʥʟʦʨʠ: ʤʘʪʝʨʠʘʣʥʘ
ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʷʜʨʦʪʦ – PdTBP / Y921 / 39,4 % wt. carnauba wax / 30% wt. RBO / 30% wt. Squalene / 0,6%
wt. MeO-PEG350; surfactant – tween 81; ʋʩʣʦʚʠʷ: ʚʦʜʥʘ ʜʠʩʧʝʨʩʠʷ (5% wt. ʜʠʩʧʝʨʩʥʘ ʬʘʟʘ); ʉʚʝʞ ʦʙʨʘʟʝʮ
NC, ʠʟʧʦʣʟʚʘʥ 1 ʩʣʝʜ ʧʨʠʛʦʪʦʚʣʝʥʠʝʪʦ; ɚexc = 635 nm; ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʬʘʟʘ
ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʛʨʘʬʠʢʘʪʘ; ɺʨʝʤʝ ʥʘ ʝʢʚʠʣʠʙʨʠʨʘʥʝ = 1 hour; ʆʙʨʘʟʝʮʲʪ ʝ ʠʟʦʣʠʨʘʥ ʦʪ ʦʢʦʣʥʘʪʘ ʘʪʤʦʩʬʝʨʘ;
ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ʅʘʣʷʛʘʥʝ – 1 atm; ɺʨʝʤʝ ʥʘ ʠʥʪʝʛʨʠʨʘʥʝ tAQ = 100 ms; ɼʠʘʤʝʪʲʨ ʥʘ ʧʝʪʥʦʪʦ ʥʘ
ʚʲʟʙʫʞʜʘʥʝ = 890 µm; ʀʥʪʝʥʟʠʪʝʪ = 8mW×cm-2; ɼʘʥʥʠʪʝ ʟʘ ʩʲʙʠʨʘʥʠ ʩʘʤʦ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʠʧʤʫʣʩʘ ʥʘ
ʥʘʧʦʤʧʚʘʥʝ ʩ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ = 40s;

ʌʠʛʫʨʘ 12.46: ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʥʘʨʘʩʪʚʥʘʥʝ ʥʘ rPh (at lmax=795 nm) ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ
ʢʠʩʣʦʨʦʜʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʬʘʟʘ (ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘʪʘ). UC – ʥʘʥʦʩʝʥʟʦʨʠ: ʤʘʪʝʨʠʘʣʥʘ
ʢʦʤʧʦʟʠʮʠʷ ʥʘ ʷʜʨʦʪʦ – PdTBP / Y921 / 39,4 % wt. carnauba wax / 30% wt. RBO / 30% wt. Squalene / 0,6%
wt. MeO-PEG350; surfactant – tween 81; ʋʩʣʦʚʠʷ: ʚʦʜʥʘ ʜʠʩʧʝʨʩʠʷ (5% wt. ʜʠʩʧʝʨʩʥʘ ʬʘʟʘ); ʉʚʝʞ ʦʙʨʘʟʝʮ
NC, ʠʟʧʦʣʟʚʘʥ 1 ʩʣʝʜ ʧʨʠʛʦʪʦʚʣʝʥʠʝʪʦ; ɚexc = 635 nm; ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʬʘʟʘ
ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʛʨʘʬʠʢʘʪʘ; ɺʨʝʤʝ ʥʘ ʝʢʚʠʣʠʙʨʠʨʘʥʝ = 1 hour; ʆʙʨʘʟʝʮʲʪ ʝ ʠʟʦʣʠʨʘʥ ʦʪ ʦʢʦʣʥʘʪʘ ʘʪʤʦʩʬʝʨʘ;
ʉʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; ʅʘʣʷʛʘʥʝ – 1 atm; ɺʨʝʤʝ ʥʘ ʠʥʪʝʛʨʠʨʘʥʝ tAQ = 100 ms; ɼʠʘʤʝʪʲʨ ʥʘ ʧʝʪʥʦʪʦ ʥʘ
ʚʲʟʙʫʞʜʘʥʝ = 890 µm; ʀʥʪʝʥʟʠʪʝʪ = 8mW×cm-2; ɼʘʥʥʠʪʝ ʟʘ ʩʲʙʠʨʘʥʠ ʩʘʤʦ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʠʧʤʫʣʩʘ ʥʘ
ʥʘʧʦʤʧʚʘʥʝ ʩ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ = 40s;

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ (ʌʠʛʫʨʘ 12.46), ʩʠʛʥʘʣʲʪ ʥʘ rPh ʥʝ ʝ ʪʘʢʘ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢʲʤ ʠʟʤʝʥʝʥʠʷʪʘ

ʥʘ ʢʠʩʣʦʨʦʜʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ. ʆʙʨʘʪʥʦ, ʩʠʛʥʘʣʲʪ ʥʘ dF ʜʝʤʦʥʩʪʨʠʨʘ ʩʠʣʥʘ

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʠʩʣʦʨʦʜʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘʜ ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʬʘʟʘ (ʌʠʛʫʨʘ 12.45).
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ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʧʦʩʪʨʦʠ ʢʘʣʠʙʨʦʚʲʯʥʘ ʢʨʠʚʘ (ʌʠʛʫʨʘ 12.47), ʧʨʠ ʢʦʷʪʦ

ʩʲʱʝʩʪʚʫʚʘ ʝʜʥʦʟʥʘʯʥʦ ʠ ʦʙʨʘʪʠʤʦ ʩʲʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʚʨʝʤʝʪʦ ʥʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ

ʩʠʛʥʘʣʘ ʥʘ dF ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʨʘʟʪʚʦʨʝʥʠʷ ʚ ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʬʘʟʘ ʢʠʩʣʦʨʦʜ.

ɼʠʘʧʘʟʦʥʲʪ ʥʘ ʢʠʩʣʦʨʦʜʥʦ ʩʲʜʨʲʨʞʘʥʠʝ ʩʝ ʧʨʦʩʪʠʨʘ ʦʪ ʨʝʞʠʤ ʥʘ ʥʦʨʤʦʢʩʠʷ ʜʦ

ʠʟʨʘʟʝʥʘ ʭʠʧʦʢʩʠʷ.

(1) ɿʘ ʧʲʨʚʠ ʧʲʪ (ʙʝʟ ʧʨʠʤʝʨʠ ʚ ʧʫʙʣʠʢʫʚʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʜʦ ʧʨʦʣʝʪʪʘ ʥʘ 2016) ʝ

ʨʝʘʣʠʟʠʨʘʥ ʤʝʪʦʜ ʟʘ ʤʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʢʣʝʪʲʯʥʘ ʩʨʝʜʘ.

ʌʠʛʫʨʘ 12.47: ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ dF (at lmax=520 nm) ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʥʝʧʨʝʢʲʩʥʘʪʘʪʘ ʬʘʟʘ (ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛʫʨʘʪʘ) ʯʨʝʟ O2 – ʥʘʥʦʩʝʥʟʦʨʠʪʝ,
ʦʧʠʩʘʥʠ ʥʘ ʌʠʛʫʨʘ 12.45.

(2) ʅʘʥʦʩʝʥʟʦʨʲʪ ʜʝʤʦʥʩʪʨʠʨʘ ʩʪʨʦʛʦ ʤʦʥʦʪʦʥʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ dF-ʚʨʝʤʝʪʦ ʥʘ

ʥʘʨʘʩʪʚʘʥʝ, ʧʨʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʠʩʣʦʨʦʜʘ.

(3) ʅʘʥʦʩʝʥʟʦʨʲʪ ʝ ʠʟʛʨʘʜʝʥ (ʜʦ ʧʦʚʚʝʯʝ ʦʪ 90 %wt.) ʦʪ ʫʪʚʲʨʜʝʥʠ ʦʪ FDA ʭʨʘʥʠʪʝʣʥʠ

ʜʦʙʘʚʢʠ, ʢʦʝʪʦ ʫʚʝʣʠʯʘʚʘ ʩʠʣʥʦ ʙʠʦʩʲʚʤʝʩʪʠʤʦʩʪʪʘ ʥʘ ʤʝʪʦʜʘ.
































































