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Near-infrared (NIR) diffuse reflectance (DR) spectra in the 12000-4000 cm™ region were measured for keratin
powder. At the initial stage of NIR measurement the keratin powder contained some water. The sample was placed
in a vacuum oven at 50°C for 30 minutes and then its spectrum was measured. After that the sample was kept in
the oven at 50°C for 5 minutes and then a spectrum was collected again. In this way 11 spectra were obtained. We
analyzed two spectral regions, the 7050-6000 and 5350-4090 cm™ regions, where bands due to free and bound water
are expected to appear. For example, in the latter region we found a band at ~ 5180 cm™ due to weakly hydrogen-
bonded free water and a band at 5050 cm™ ascribed to the overlap of strongly hydrogen bonded water and bound
water. Probably, by taking the intensity ratio of these two bands, one may be able to explore the relative variation of
free and bound water in keratin. The NIR spectra of keratin powder are so close to those of human hair, so that one
may use the same technique to estimate the relative contents of free and bound water in human hair.
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(a) Keratin powder spectrum
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(®) Keratin in water

Figure 1 (a) NIR spectrum of keratin powder

(b) NIR spectrum of keratin in an aqueous solution.

Keratin in water (original spectra)

Figure 2 Time-dependent variations in NIR spectra of keratin
powder.

2nd derivative for all spectra in the region of 9000-4000 cm!
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Figure 3 The second derivatives of the spectra shown in Figure 2.



bo BOPZNIEINGDONY FIZANOREERZIZEAL
ZAF v,

4 (a). (b)iEX2. 37500 -6150cm ! DWFEILD L
KTH5bo

7300 - 6150cm ' DI E BB & IR AR bV
MOSERDODYE = PHFET LI EVNbNb, TDH) B~
6970, ~ 6830cm ! DNV FIIKGD@mA L & HI12IiTIT
PAFLTHEL o TWwd (K4 (a))o —J7.~ 6700, ~ 6530,
~6310cm ' DN FOIREIZH F DR E CIFELL v,

HEIIKDERIANRT VAT OWTKDARY F VD
HEZLRED BN Y FOREZ R AW, REIIE=
Koy AR MV, ZRTTHBEE. 7EA MY v
7 AR EHFITE L OFEE VTR L CFH % A
720 FTORER, K(HHK) OfEZDT2 2ME T, Wy
KERELZDOLEHVRER-EEZ L 2HEOLDOTH
bo ZZTIE#FNH % SHB (strongly hydrogen-bonded)
7k & WHB (weakly hydrogen-bonded) 7K L I-5 2 L 12§
%, WHB & SHB X Z N1 Zh1 7080 & 6700 cm ™' ff 312 /N
YREHZDLW, ZOKDARYZ MVER4 (a) DAXRY
MVEIEKT S LW OPDOBEIRIBENC LD HI 5,
4 (a) ZFRUEDHD LIS, KDOAXRT MVIZERT S

(a) 040 —
035 |

030 —

Absorbance

025 —

020 —

015 —

7508210 1313348 7120485 6027623 674760 6541895 6343035 6156173
TeraiinTéve keraiin T6vC Keratn 16vcT0 Tergintove erainTovE Keratn CraTTove kerebnTove

Wavenumber (cm™") Figure 4 (a)

(b) Keratin in water (2" derivative)

000020 —|

000015 —|

000010 —|

000005 —|

0

Absorbance

-0.00005 —

000010 —

000015 —

7506210 7313348 7120485 6927623 6734760 6541898 6349035 6156173
eratinT6vc keratin 16ve keratin 6vc 10 keratinibve keratin16ve kerat keralnTbvc keratinTve

Wavenumber (cm-1) Figure 4 (b)

Figure 4 (a) The enlargement of the 7500-6150 cm ™' region of
the spectra shown in Figure 2
(b) The second derivatives of the spectra shown in (a)
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Figure 5 (a) The enlargement of the 5700-4850 cm ' region of
the spectra shown in Figure 2
(b) The second derivatives of the spectra shown in (a)
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