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A complex analytical system (cryo-TOF-SIMS/SEM) was developed to achieve a series
of experiment (surface preparation, cryo-TOF-SIMS, and cryo-SEM) for quick-frozen samples. A repetition of
the surface preparation and measurements make three-dimensional analysis possible. The method provides a

microscopic visualization of 3D distribution for water-soluble components in living plants.



1. WFZEBIE Y DY =

TRATHRFRBY — kA A V' E B8 (TOF-SIMS)
ElE. —RA A ERBIERmICBFN L, 22
MBIRAET D ZIRA A E2ffTT 52 &1
v, BEEREOS T LUV O A B E
WCTATTHHEIETHD, ek, EROFF
B & U CRBEZ R CTE N, @y
B2 EOFBMICHLEATE 2 Z LIRS
L. T, EMTFOFEBICB W TH VL
L E DT oTn, REHIL 10FIFEERIND
AEEZENICBW T REA L, Y
FIEEED HTICEH T 5 Z L 2RA, ThE
TICHIMEERER R 0+ Ch D U = ZHE,
BLOHHASY RS TEEY) 01 A
VORIEE~ BT ERE L, £AF
EIZE - T, H 1300 ERTCRER SN T-iEE
b RELEGEM OO & DM ORI AR
L., EREFEMOBREEZHET 570 L
W& A WFZE 21T - 72,

TOF-SIMS X4~ I B/~ v B2 ZI2BNT
FEFITEVVRE L maoeEx A L. Amelet
WZBWTHH =2 mA Z it r e 2@
ETHD, L LENRLEZE T CTOEESD
Hre v o etk B BBHIREIRRECH D = &
DHITEE 72> TRV . AERNICTFET DA
7R KEAVERC Y 1, FEOE TR I B W TR AT
WBEILTLE 7=, [EXTWHIREE)
TONMFHE 24T 5 2 LIZREETH - 7=,

2. WHEOEM
HLREEHZ B W T, o tree i 2R L
T 72 TOF-SIMS ##a% . Uil L2 4R
MRCTHLEEIE CE D)0, EEOKE
ZBIRH, Zhicky, Ak
HH =2y Ny ONLE RS, {LFH
TR A a2 & e < AR LT D,

3. WOk

SRS U 72 30T I E 28 FTRE 72 BT AL
PR RAT AL, BIARH O TOF-SIMS
(TRIFT TI1) #E&sIZHEL T, FEERICBEME
THEI R TV AVAT AEESE
THZENEEE D, FT, SRS LT
k&2 I TOF-SIMS JIET 57212, K
BENOEFFIR T CHIERIZE A S E
WEF v o N—DORERNMETH DL, Fy N
— W DLW E D72 &, B ~— N
TORGFEZB D, WIZ, BHEAEHAEZ
B 7o S % . ERRIC AR L it
ZHWTHET 5, 2oL X, fEimlaeEh
OFTIZFE LT bpksy (V7= Z8E,
%) D4 FA Ao % O CTRIE S
EREMMT 5, £, A A E— LD
R AT 22 BRI O & R R
EDERE BT, S5, WBEEZ & iE
BECHE T IETHMEOEA L, JIE
95 WAERE O I m A E RN P RE /R A T A

T4 Isnbh—2NE I a—T Ry T
AEDRRFEE R R, 2R LA
BHIFET DR/ ES TOZIRT T I W~
v B TREF R AT,

4. MR

LUF OEFREM A2 B L, S aURR o
HYe, FHAEP I L2 5 % my M,
TOF-SIMS 347, SEM &2 24V ik L THELTT
X DEA NV AT AR LT,

Or7a—73Ry 7 ANTOREBFERE O
Bl (A F % 20°C, BEFEHIT)
@Fm BT HEE R A KR EZE S v b
JL % AT TOF-SIMS |25

® 7 7 A A4 TOF-SIMS 5t (AT —JiREIX
~ A F A 120 FELLT)

@TOF-SIMS I E % 3kt &2 KR 242 o v b
N HWTY F A 4 SEM 2%

Oy F T (i) th, 7 744 SEM TR
k2 i ORI A 2%

OSEM B2 ilel 2 R EZE v v L e H
W a—T 7Ry 7 RTHRE

OO L@OFETOTELY I LITHYIE
T2 LT, HAEYHImO TOF-SIMS 7 — 4 %
HEICAFL, kL7 I~y s
ITH ZEWARETH D, 1ERLL7=55H s A
T LAOWBZK 112, HERZRIE - B0
WEE A X 2 |28 LTz,

X 31X AGE A T 2 kO R B AR
* TOBRHE ST cryo-TOF-SIMS A A —
DIZDOWTR LT, LT eA 4 85kt
T, AZu—ABLQRa=7=) V|ZHET
D m/z 381 A F v ERETE—/N— LA £R
L72bDTHD, HUNTE IR IERKTH
BMN, cryo-SEMBEED FIZ m/z381 4 4 %
F—=R—=L A LT=bDTHY . L 0EEMAHE
BN ATEETH D,

1  cryo-TOF-SIMS/SEM ¥ A7 A



xRETIH!

cryo-TOF-SIMS cryo-SEM
REH REEE

4%—9)7%%%%?

I

B2 B OB SRR - BlE

Counts

m/z

wuw o't

X 3 Wi A4 F 3a v R B o
cryo—TOF-SIMS/SEM SS#ric kL Bpa=7=V
BIOxsue—20~v v 7

B 4 XS A FREL O ARTICOWT, RKifi
YIHIF & O eryo-TOF-SIMS 43 HT & #8: © I L T
HwEoniz 3D ool chsd, 244U BE
LMY 7 = VX ) — D R TE & AT
b L7z, RENZRE—OMfgZ R~ L CEY ., il
FEIZEBNWT T 2 /LX ) — LD RIEREN
BipoTnDHZENbND, LED X5z,
K AT DERND Z L TEE & 7 fl AR
DB LT, WASIREETO 3D S I~
v B TRRREE o T,

R RE

(BA1Y) 100 um |

X4 HFHHEAFHBPT72F =D 3D
cryo—TOF-SIMS 434t

TOF-SIMS % W\ 7= &I OW T H

P L7e, BRI, MMiaEE) 7= %
BRTATTATIN (G, U EL (S)
ORERLHAL (/L) @ TOF-SIMS (2 X % |
TEEAN, EEED S/GE/N (B HTHHE) 12
FEFITITVMEIZ 22 D 2 & &R L, TOF-SIMS 4y
otz rs Lz (K5), £, &0 1
THHV T = NED XD el i aH
NSRS U IR E TSN D O % [H
NARIE T MEAEWE AW TH LI L
. ZOHRICE Y, AL L
DEHRY T2 U HEENHIO L ZICTFEE
THME T T A2 ENAREE e o
7o V=V ZBRELTEELFITTS, A
A F B ) — VEEECKK SV T AEPER T
BWTH, AFEX, A A~ AL B D
A bEE LTI END Z RIS
%, 51T, TOF-SIMS i%, ARy,
MBI ED 2 OETHLZ 25
N L7,



o Ly R=tl1)) -('Z-Hz
5o ZRAFVRERITE [:lwuw

NMCH— OCHjg
OH
f]‘éﬁﬂ%faﬂ?—ﬂ +H
P ZRAAVERME 6
HCO OCHs
Ol

"
JYUFIL

i

(G) wﬂé)b (S)

A7

&

ﬁﬁc%&éﬁu
JTP7ATINER
EEICBVLLERETERT

|

RIS E
HVERY,
A+ HBEER

0.98

S/GHIE.

Aig#E:1.0
—>StGIIER

HE: 05
—>SkUYGH S

X5 BB LTRSS 2 WTREIC T D
TOF-SIMS 4347

5. ERRERLE

GEaEams) (B 18 )

[1] P. Zheng, D. Aoki, M. Yoshida, Y.
Matsushita, T. 1Imai, K. Fukushima:
Lignification of ray parenchyma cells in
the xylem of Pinus densiflora. Part I:
Microscopic investigation by POM, UV
microscopy, and TOF-SIMS. Holzforschung,
DOI:10. 1515/hf-2013-0231 (2014). 7 i
A

[2] K. Saito, Y. Watanabe, Y. Matsushita,
T. Imai, T. Koike, Y, Sano, R. Funada, K.
Fukazawa, K. Fukushima: Aluminum
localization in the cell walls of the
mature xylem of maple tree detected by
elemental imaging using time—of-flight
secondary ion mass spectrometry
(TOF-SIMS). Holzforschung, 68, 85-92
(2014). #EFiH

[3] T. Masumi, Y. Matsushita, D. Aoki, R.
Takama, K. Saito, K. Kuroda, K.
Fukushima: Adsorption behavior of

poly(dimethyl-diallylammonium

chloride) on pulp fiber studied by cryo
time—of—-flight secondary ion mass
spectrometry and cryo—scanning electron

microscopy. Appl. Surf. Sci., 289,
155-159 (2014). #H#tH
[4] D. Aoki, K. Fukushima: Topochemical

analysis of organic/inorganic
components in frozen samples by
cryo—-TOF-SIMS/SEM  system. Cellulose

Commun., 20, 188-192 (2013). Z#FHilE

[5] K. Kuroda, T. Fujiwara, K. Hashida, T.
Imai, M. Kushi, K. Saito, K. Fukushima:
The accumulation pattern of ferruginol
in the heartwood—forming Cryptomeria
Japonica xylem as determined by
time—of—-flight secondary ion mass
spectrometry and quantity analysis
Annals of Botany, 113, 1029-1036 (2014).
A

[6] K. Saito, T. Mitsutani, Y. Matsushita,
T. Imai, K. Fukushima: Distribution of
Inorganic Elements in Heartwood and
Sapwood of Hinoki Cypres Detected by
TOF-SIMS. Mokuzai Gakkaishi, 59, 353-360
(2013). #FiH

[7] D. Aoki, K. Kuroda, Y. Hanaya, K. Saito,
R. Takama, Y. Matsushita, K. Fukushima:
Development of the Cryo-TOF-SIMS/SEM
System and Application for Topochemical
Analysis of Plant Biomolecules. Mokuzar
Gakkaishi, 59, 367-374 (2013). A

[8] K. Kuroda, T. Fujiwara, T. Imai, R.
Takama, K. Sato, Y. Matsushita, K.
Fukushima: The Cryo-TOF-SIMS/SEM System
for analysis of the
distribution in freeze—fixed
Cryptomeria japonica wood. Surface and
Interface Analysis, 45, 215-219 (2013).
EHA

[9] S. Aoyagi, K. Kuroda, R. Takama, K.
Fukushima, I. Kayano, S. Mochizuki, A.
Yano: Evaluation of white radish sprouts
growth influenced by magnetic fields
using TOF-SIMS and MCR. Surface and
Interface Analysis, 45(1), 264-267
(2013). #EFiH

[10] Y. Matsushita, K. Ioka , K. Saito

chemical

R. Takama , D. Aoki, K. Fukushima:
Fragmentation mechanism of the
phenylcoumaran—type lignin model

compound by ToF-SIMS. Holzforschung, 67,
365-370 (2013). #HA

[11] K. Saito, K. Fukushima: Molecular
Imaging of Chemical Compounds in Plant
Tissue by Time-of-flight Secondary Ion
mass Spectrometry. LEMGHYFIFL 0%, 53,
24-27 (2013). A FidE

[12] Y. Matsushita, I-C. Jang, T. Imai, R.
Takama, K. Saito, T. Masumi, S—C. Lee, K.
Fukushima: Distribution of extracts



including 4, 8—dihydroxy—-5-methoxy-2-
naphthaldehyde in Diospyros kaki
analyzed by gas chromatography—mass
spectrometry and time—of-flight
secondary ion mass spectrometry
Holzforschung, 66, 705-709 (2012). #ie
A

[13] K. Saito, Y. Watanabe, M. Shirakawa,

Y. Matsushita, T. Imai, T. Koike, Y. Sano,

R. Funada, K. Fukazawa, K. Fukushima:
Direct mapping of morphological
distribution of syringyl and guaiacyl
lignin in the xylem of maple by
time—of—-flight secondary ion mass
spectrometry. The Plant Journal, 69(3)
542-552 (2012). ##HiA

[14] T. Kojima, S. Tsuji, M. Niwa, K. Saito,

Y. Matsushita, K. Fukushima:
Distribution analysis of triglyceride
having repair effect on damaged human
hair by TOF-SIMS. International Journal

of Polymer Analysis and characterization

17(1), 21-28 (2012). &HHA

[15] K. Saito, T. Kishimoto, Y. Matsushita,

T. Imai, K. Fukushima: Application of
TOF-SIMS to the direct determination of
syringyl to guaiacyl (S/G) ratio of
lignin. Surface and Interface Analysis,
43(1-2), 281-284 (2011). ik

[16] T. Kojima, H. Kitano, M. Niwa, K,
Saito, Y. Matsushita, K. Fukushima:
Imaging analysis of cosmetic ingredients
interacted with human hair using

TOF-SIMS. Surface and Interface Analysis

43(1-2), 562-565 (2011). HH A

[17] ZEEEW, wEMZ: KEAA 4~ A
@ TOF-SIMS 2 X % f& #r . Cellulose
Communications, 16(4), 161-165 (2009).
oG

(k) (G 28 1)
[1] P. Zheng, D. Aoki, Y. Matsushita, S.
Yagami, K. Fukushima: Distribution of
lignin in ray parenchyma cells from the

sapwood to heartwood of Pinus densiflora.

55 64 [0 A AARM R RS, 2014 483 A 13
HlSH,mm
[2] FHBENRER, HFAM, AHRIEME T
Z&wE, I\ Mthits, REME: V7L
FRICH T DWHH ORI, 5 64 [0 HAR
MaRes, 201443 A 13-16 H, &l
[3] M. Uesugi, H. Naraoka, F. Kitajima, M.
Ito, H. Yabuta, Y. Takano, H. Mita, K.
Fukushima, D. Aoki, I. Ohnishi, Y.
Kebukawa, T. Yada, Y. Karouji, V.
Ishibashi, T. Okada, M. Abe.: Current
status and future plans of the

preliminary examination of the Category
3 particles of the Hayabusa-returned
samples. Hayabusa 2013: Symposium of
solar system materials, 2013 & 10 H
16-18 H, Sagamihara, Japan

[4] Y. Hanaya, D. Aoki, R. Takama, Y.
Matsushita, K. Kuroda, K. Fukushima:
Chemical mapping of tree biomolecules by
the cryo-TOF-SIMS/SEM system. Annual
Meeting of International Academy of Wood
Science, October 17-21, 2013, Nanjing,
China

[5] P. Zheng, D. Aoki, M. Yoshida, Y.
Matsushita, S. VYagami, T. TImai, K.
Fukushima: Distribution of lignin in ray
cells from the sapwood to heartwood of
Pinus densiflora Sieb. et Zucec. %5 63 [9]
AAAM %2 K4, 2013 45 3 A 27-29 H,
T[]

[6] K. Fukushima, K. Saito, D. Aoki, Y.
Matsushita, K. Kuroda: Direct mapping of
morphological distribution of syringyl
and guaiacyl lignin in the xylem of maple
by  TOF-SIMS and development  of
cryo—-TOF-SIMS/SEM system. Carbo Summit
2013, March 17-21, 2013, Zauchensee

[ﬂ”ﬁ#%ﬁi'mFsms$ﬁﬁHMﬁ% PaNashe)
B s AR ORI, B AR Rk & A
Eﬁ%é2m%&§yyﬁyvb\ﬁﬁ®%
FCHERE AR R LS )T 7o Bl A A — 2 v 78l
pp.5-8, 2012 42 9 A 26 H, HEETKY
I v SR PR TR

(8] HA 7, B e st PRG-I .
/NP R TEIRA R, A TR SR A IR
B, @B CryoTOF-SIMS/SEM o
AT BT K DA ARy Doy F~ > B
7 ORI, 62 | A ARM R R, 2012
fE3 A 15-17 |, dtifFE

(9] EyEEE, B TERE, SHER, wmE
FEE: TOF-SIMS % F V7= FORRER 5t O W 6 %6
BhEAT—7 )V =L N T iR (ASA) DWE 556
;oW T- 62 [ HAKRM %S
2012 4E 3 H 15-17 H, JtifEHE

[10] K. Fukushima, K. Saito and K. Kuroda,
Application of TOF-SIMS to the direct
determination of plant components and
introduction of Cryo TOF-SIMS/SEM system,
The 12th International Symposium on
Biomimetic Materials Processing, Nagoya,
Japan, 2012 4F 1 A 24-27 B, $A45#5H

[11] K. Ioka, Y. Matsushita, T. Imai, K.
Saito, K. Fukushima: Analysis of lignin
structure using  ToF-SIMS. Twelfth
International Symposium on Biomimetic
Materials Processing, 20124E 1 H 24 H,
2012, Nagoya, Japan

[12] K. Fukushima, K. Saito, K. Kuroda,




Application of TOF-SIMS to the direct
determination of plant components and
introduction of Cryo TOF-SIMS/SEM
complex apparatus, The International
Symposium on SIMS and Related Techniques
Based on Ton-Solid Interactions
(SISS-13), Aichi, Japan, June 23 ( 2011 )
AR T

[13] K. Fukushima, K. Saito, Direct
determination of lignin using ToF-SIMS,
The 11th International Symposium on
Biomimetic Materials Processing
(BMMP-11), Nagovya, Japan, 2011 &4 1 H
25-28 H . HAFaE

(4B EFE ., Bk, TOF-SIMS O.L T
FAFFE~DBFEN H AR Tk & HE
WFZE4 2010 FKDO T R w7 AL 2010 4 9
A 14 B, AR, Rk

[15] T, Cryo-SEM & ToF-SIMS TH 7z
DR, B AR F ik & M E It
2010 KD AR 7 A 201049 H 14 B,
AR, R

[16] ToF-SIMS DAMEEI~DEH], &5 H0
E. TNy T T A RS B
2010 -6 H 2 H., AFrH

[17] ToF-SIMS DAMEEI~DEH], &5
E. TNy 7 Ty A HIHERS . T,
2010 426 H 4 H., AFFaH

(18] fEEFIEZ. RMEFDOFREM A IRIT 2
IR RO BN — R EEN B AR
SRS EAT VAR Y T A 2010 4E5 A 15
H. JOL, s

[19] 7ERkERk, BB, I TR, 4
EA, WMER, BEMZ, @BmE:
TOF-SIMS & MW7z JRBERHZ R 1T 2 Y 7=
S/G WA AR DOfENT. 5 60 [Bl H AR 4,
EIg, 201043 A 17-19 A

[20] K. Fukushima, The chemical analysis
of plant cell wall using ToF-SIMS, The
3rd Wood Science & Biotechnology
Symposium, Chonnam National University,
2009 4F 11 A 20 B, #H{FH#E

[21] T. Kojima, H. Kitano, M. Niwa, K
Saito, Y. Matsushita, K. Fukushima:
Imaging analysis of cosmetic ingredients
interacted with human hair wusing
TOF-SIMS. SIMS XVII, Tronto. 2009 4 9
A 14-18 H

[22] K. Saito, T. Kishimoto, Y. Matsushita,
T. Imai, K. Fukushima: Application of
TOF-SIMS to the direct determination of
syringyl to guaiacyl (S/G) ratio of
lignin. SIMS XVII, Tronto, 2009 4 9 H
14-18 H

[23] Z5ER#, HHIEAN, SHEH, BT
R, EEREE: TOF-SIMS IC Xk Bk 7 F i
My onf~y e 7. % 59 [HAK

ML, AR, 2009 4F 3 B 15-17 H

() G 310)

&S FnE

%2 5. TOF-SIMS Z W=V 7= g
AT & AR O AL, In: U =2 FHO
B E T, v— > A — R, 40-47
(2013)

(Y=o XA A7 I A —DRETHR] 8
BfEZ, v—=x A —HAR, pp. 51-61, 2010
4 H

[RE DK A A~ AR E~DHFE
B2 R, WEAL. BEEOMmE. pp.
307-315, 317-320, 351-353, 550-552, 2011
F7H

(£ Dfth)
Z Ay N N TS e R R PO N e
W55 B
http://forestchem. sakura. ne. jp/
AR YN
http://www. nagoya—u. ac. jp/about—nu/publ
ic—relations/researchinfo/upload_images
/20120202_agr. pdf
(BRERZEE) () ESLEREAMZEHT
http://tenbou. nies. go. jp/news/ jnews/det
ail. php?i=7536
~AfFTEr=a—XA
http://news. mynavi. jp/news/2012/02/03/0
10/

HIF PR

(D) WFgEfFRE

&  FnZ (Fukushima Kazuhiko)

A BRE - KRBT m B R - B%
gt % 80222256

) 9oy

A4 &H# (Imai Takanori)

AT BRE - REFEPLAEMm BT R - R
gt & 20252281

T Z&= (Matsushita Yasuyuki)

AT BRE - KPR - 2
WrgtEF 5 - 60335015

(3) ELEEMF I

HMA i (Kuroda Katsushi)

(2010 FFEEE~BFFEHE T £ T)

MANTAT BUE AR S WFZET « AB Rt 58
k- EEMIEE

WFgeEF 5 90399379

HA G (Aoki Dan)

(2012 FFEEE~BFFEHE T £ T)

Al BRE - RERAEMBEFIER - Bh#
Wraes3& 5 : 80595702



