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Solid States Fluorescence Study of p-Dimethylaminobenzonitrile
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The molecular status of a freeze-dried sample or a ground mixture of p-dimethylaminobenzonitrile (DMABN) with
a-, B-, or y-cyclodextrins (CDs) was examined using solid-state fluorescence measurements. A twisted intramolecular
charge transfer (TICT) emission of DMABN crystals was shown at 475 nm. Emission peaks of freeze-dried samples
were observed at 450, 380, and 393 nm in a-CD/DMABN, S-CD/DMABN, and y-CD/DMABN systems, respectively.
It was speculated that DM ABN molecules existed as a twisted form in the cavity of a-CD, and as a plane structure in that
of B-CD or y-CD. On the other hand, fluorescence emission peaks of ground mixtures of DMABN with o-, -, or y-CD
were observed at around 450 nm. When DMABN was ground together with microcrystalline cellulose, which cannot
form an inclusion complex, only TICT emission was detected. These results suggest that the observed shift in the fluores-
cence peak could be due to inclusion phenomena. When the ground mixtures were crystallized under humid conditions,
fluorescence emission peaks were observed at 450 nm in o-CD and of around 400 nm in - and y-CD systems. It is con-
cluded that the conformation of the DMABN molecules in a crystalline CD/DMABN inclusion complex change depend-

ing on the size of the CD cavity.
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Fig. 1.

Change in X-ray Diffraction Patterns of DMABN-B-CD Systems during Grinding Process

(a): DMABN unprocessed, (b—1) a-CD, (b-2): Physical mixture (a-CD : DMABN=1 : 1), (b-3): Freeze-dried (a-CD : DMABN=1 : 1), (c-1): 8s-CD, (c—
2): Physical mixture (8-CD : DMABN=1 : 1), (c-3): Freeze-dried (8-CD : DMABN=1 : 1), (d-1): y-CD, (d-2): Physical mixture (y-CD : DMABN=1: 1),

(d-3): Freeze-dried (y-CD : DMABN=1 : 1).
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Fig. 2. Emission Spectra of DMABN Unprocessed and DMABN by Freeze-dry with CDs
(Molar Ratio of CDs : DMABN=1 : 1) (lex=289nm). (a): DMABN unprocessed, (b): a-CD : DMABN system, (c): 8-CD : DMABN system, (d): y-

CD : DMABN system.
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Fig. 3. Change in X-ray Diffraction Patterns of DMABN/ -
CD (Molar Ratio 0.2) Systems during Grinding Process
(a) : Physical mixture, (b): Ground for 0.5 min, (c): Ground for 1 min,
(d): Ground for 2 min, (e): Ground for 15 min.

AN U 72, BRI R AT 2 23 FI DA IR S ¥ ey T
WA ETFINEN OB, RITELEZENG, K
FMEL 7 1E DMABN O UnfdEicHkd 22 &
MEETHDEEZEZLNT.

3. 2707 FA MY CRUBEREILO—RED
BEKH DMABN & o-, -, 2 Wi y-CD %
wmAlE L TH 4 DR&H (DMABN/CD=0.2,
0.5, 1.0 % U*5.0) T 15 srER &M Z 1T - 2ile
DMK X BEH/INY — > % Fig. SIZRLEZ. We
NOCDRITBNWTSH, BAEEIVIO0.2,0.5 KT
1.0 OIRA¥#YI21%, DMABN #& & K O CD #& &
HkED X BEHTE — 27 13BRINT, £iHizhk
E—7 0B bR INT, DMABN KU CD iZ
EBHITIERBERE LR > TNBE Z ENFED LN,
—7, ATV 5.0 IBEH Y 20=9.8" & 18°-
22°1Z DMABN # RO E — 7 DD 51,
DMABN 73 CHEAEL TS Z ENGED sz,
MCC 112 DMABN % 2.5%, 10% KU 40% &AL
72 15 RENER G O R X RE /NS — > %
Fig. 6 12,5 L 7=. DMABN #& kO EIFTE — 7

Physical Mixture

- — — — Ground for 0.5 min
-------------- Ground for 1 min

B — - — - Ground for 2 min

g — """ Ground for 15 min

|5}

£

s

2 /

2 f N

300 400 500 600

Wavelength (nm)

Fig. 4. Changes in Emission Spectra of DMABN/B-CD (Mo-
lar Ratio 0.2) Systems during Grinding Process (lex=289
nm)

Table 1. Changes of Fluorescence Lifetime (7) and Relative Quantum Yield (Q) of DMABN by Co-grinding with 8-CD

Comp. 1 Comp. 2 Comp. 3
2
7, (ns) Q; (%) 7, (ns) Q, (%) 73 (ns) Qs (%)

DMABN 0.606 90.9 — — 4.93 9.1 1.37
Physical mixture 0.0724 25.0 2.09 41.5 5.45 33.6 1.05
Ground for 0.5 min 0.0528 18.3 2.41 45.1 5.58 36.5 1.11
Ground for 1 min 0.0638 27.0 2.44 24.6 4.84 48.4 1.27
Ground for 2 min 0.0388 6.9 — — 4.21 93.1 1.03
Ground for 15 min 0.0279 11.0 — — 4.43 89.0 1.12

(Molar Ratio of 8-CD : DMABN=1 : 0.2). 1ex=289 nm, Aobs=500 nm.
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Fig. 5. Powder X-ray Diffraction Patterns of DMABN-Ground Mixtures with CDs at Various Molar Rations (Ground for 15 min)

(a—1) : Ground mixture (Molar ratio of &-CD : DMABN=1 : 0.2), (a—2): Ground mixture (Molar ratio of -CD : DMABN=1 : 0.5), (a-3): Ground mix-
ture (Molar ratio of o-CD : DMABN=1 : 1.0), (a-4): Ground mixture (Molar ratio of a-CD : DMABN=1 : 5.0), (b-1): Ground mixture (Molar ratio of g-
CD : DMABN=1 : 0.2), (b-2): Ground mixture (Molar ratio of -CD : DMABN=1 : 0.5), (b-3): Ground Mixture (Molar ratio of 8-CD : DMABN=1 : 1.0),
(b—4) : Ground mixture (Molar ratio of 8-CD : DMABN=1 : 5.0), (¢c-1): Ground mixture (Molar ratio of y-CD : DMABN=1 : 0.2), (c-2): Ground mixture
(Molar ratio of y-CD : DMABN=1 : 0.5), (¢-3): Ground mixture (Molar ratio of y-CD : DMABN=1 : 1.0), (c-4): Ground mixture (Molar ratio of y-CD :

DMABN=1:5.0).

(e)

10 20 30
200
Fig. 6. Powder X-ray Diffraction Patterns of DMABN-
Ground Mixtures with MCC at Various Molar Rations
(Ground for 15 min)
(a): MCC unprocessed, (b): Physical mixture, (c): Ground mixture

(DMABN content 2.5%), (d): Ground mixture (DMABN content 10%),
(e): Ground mixture (DMABN content 40%) .
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Fig. 7. Emission Spectra of DMABN-Ground Mixtures at Various Molar Rations
(Molar ratio of CDs : DMABN=0.2, 0.5, 1.0 and 5.0 : 1, MCC contents of 2.5%, 10% and 40% DMABN) (lex=289 nm). (a): o-CD : DMABN systems,
(b): B-CD : DMABN systems, (c): y-CD : DMABN systems, (d): MCC : DMABN systems.
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Table 2. Fluorescence Lifetime (7) and Relative Quantum Yield (Q) of DMABN in Ground Mixture (15 min of Grinding) with a-
CD as a Function of Molar Ratio (DMABN/a-CD)
Molar ratio Comp. 1 Comp. 2 Comp. 3 2
(DMABN/a-CD) 7 (ns) Q, (%) 7, (ns) Q; (%) 73 (ns) Q; (%)
0.2 0.0352 17.8 — — 3.96 82.2 1.20
0.5 0.364 23.2 — — 3.82 76.8 1.43
1.0 0.238 32.3 — — 3.62 67.7 1.29
5.0 0.456 44.5 — — 4.84 55.5 1.24

Aex=289 nm, Aobs=500 nm.

Table 3.
CD as a Function of Molar Ratio (DMABN/S-CD)

Fluorescence Lifetime (7) and Relative Quantum Yield (Q) of DMABN in Ground Mixture (15 min of Grinding) with S-

Molar ratio Comp. 1 Comp. 2 Comp. 3 2
(DMABN/-CD) 7, (ns) Q, (%) 7, (ns) Q, (%) 73 (ns) Qs (%)

0.2 0.0279 11.0 — — 4.43 89.0 1.14

0.5 0.771 26.8 — — 4.21 73.2 1.28

1.0 0.176 25.4 — — 3.84 74.6 1.53

5.0 0.26 62.7 — — 4.11 37.3 1.29

Aex=289 nm, Aobs=500 nm.

Table 4. Fluorescence Lifetime (7) and Relative Quantum Yield (Q) of DMABN in Ground Mixture (15 min of Grinding) with y-
CD as a Function of Molar Ratio (DMABN/y-CD)
Molar ratio Comp. 1 Comp. 2 Comp. 3 2
(DMABN/5-CD) o (ns) Q (%) % (ns) Q. (%) % (ns) Q: (%)
0.2 0.213 14.2 — — 4.74 85.8 1.01
0.5 1.10 21.7 — — 5.13 78.3 1.22
1.0 1.61 32.2 — — 5.45 67.8 1.23
5.0 1.09 62.5 — — 5.94 37.5 1.27

Aex=289 nm, Aobs=500 nm
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260

Powder X-ray Diffraction Patterns of DMABN-Ground Mixtures after Storage at 40°C and RH 89% for 4days

(Molar Ratio of CDs : DMABN=0.2 : 1). (a-1): Ground Mixture (Molar Ratio of o-CD : DMABN=1 : 0.2, (b-1): Ground Mixture (Molar Ratio of -
CD : DMABN=1 : 0.2), (c-1): Ground Mixture (Molar Ratio of y-CD : DMABN=1 : 0.2).
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