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й˔Ѓ˔ϯУй˔ЄдрτϢϥЗЛ ◓⌠

V. Amendola and M. Meneghetti

Phys. Chem. Chem. Phys. 11, 3805 (2009).

Ablation of metal target in liquid
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ổ ΰσΜỲЗЛ ◓

(~2mm)

3 <10 nm
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‰ế й˔Ѓ˔ΊτϢϥ ϒχל ᴮ῟בּ

: 

¸

¸

¸ (

X )

▌ Ͻ ḹ

: ~10-15 s

: ~ 10-6 cm2

: ~ mJ

: 

~ 1018 W/cm2

5 1011 V/m

Ÿ 7 1016 W/cm2
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ТϴЭЕ й˔Ѓ˔ОиІρ ρχל ῀⌠

( )

( )

: ~ 103 K

: ~ 10-9 s

Ÿ : 1012 K/s

: 103-107 K/s

1.

2.
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ׁ πχ
й˔Ѓ˔›

ϒχй˔Ѓ˔ πבּ αϥᴟᶘ ᴂρʺζχⱲḧ ӽ

Laysa M. Frias Batista, Ashish Nag, Victoria K. Meader and Katharine Moore Tibbetts

Generation of nanomaterials by reactive laser-synthesis in liquid.

Sci. China Phys. Mech. Astron. 65, 274202 (2022). https://doi.org/10.1007/s11433-021-1835-x

ׁ πχй˔Ѓ˔ϯУй˔Єдр
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ỲϱϷр ׁτТϴЭЕ й˔Ѓ˔ОиІϬ Ί

90 20

▒ᴟỲת ׁ

Πω

◓

H2O Ÿ eī+ H2O
Å+

[AuCl4]
ī+ 3eaq

īŸ Au0 + 4Clī 

nhv

H2O Ÿ H2O
*

H2O
* + H2OŸ HÅ+ OHÅ+ H2O

[AuCl4]
ī+ 3HÅŸ Au0 + 4Clī+ 3H+

nhv

◓

Sci. China Phys. Mech. Astron. 65, 274202 (2022).

https://doi.org/10.1007/s11433-021-1835-x



й˔Ѓ˔ ▒ᴟỲתτϢϥבּ ׁχ ᴟ

ρ▒ ϹІχ
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ЗЛ ρТϴЭЕ й˔Ѓ˔χӸΜ

Femtosecond pulse

ш ἴ ◐ ἧ
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Au-Ag Au-Pt

ᾧ ϕϖ

(Au, Pt) + Liquid

(Au, Pt)

https://www.researchgate.net/figure/The -phase-diagram-
of-Au-Pt-binary-system_fig1_357476894

https://www.researchgate.net/figure/9 -AuAg-
phase-diagram-Reproduced-with -permission -of-
ASM-International -18-Standard_fig33_305700165
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ᾧ ›ỲЗЛ ◓χ›

Ag100 Au10 Au20Au30Au40Au50 Au60Au70Au80Au90Au100

Colloidal solutions of Au-Ag alloy 

nanoparticles.

XRD profiles of (a) Au-Pt and (b) Au-Pt-Ag alloy NPs by high intensity laser irradiation of mixed 

solution.

Au-Ag

Au-Pt Au-Pt-Ag

Periodical table
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5ᾕὉᾧ ›ỲЗЛ ◓

40 nm

(a) (b) (c)

(d) (e) (f)

Au Ir

RhPtPd

Synthesis of Noble Metals and Their Alloy Nanoparticles by Laser-Induced 

Nucleation in a Highly Intense Laser Field

Takahiro Nakamura, Yuki Yamazaki and Shunichi Sato

KONA 39, 110 (2022)
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ϒχ‰ếל й˔Ѓ˔ בּ
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laser

16



:Iόҍ/ /ҍύnH
͈ 1,3,5-hexatriyne

Carbon 48, 1670-1692 (2010)

Chem. Phys. Lett., 723, 151-154 (2019)

C C C C C CH HC

H

H

C

H

H

C

H

H

C

H

H

C

H

H

C

H

H

H H

C+

H+

CH+

C++

CH3
+

C2
+ C2H

+

C2H6
+

C3
+

C3H3
+

Ί◓ϱϷрᴟ ™Ὣ›
™

17

: CnH2n+2

͈ :C6H14

laser

ϒχ‰ếל й˔Ѓ˔ בּ

ׁ
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Ъзϱрχ Ṑ 

йрЇ
f = 50 mm

♯ ʿϷϼЌр
(C8H18)

ТϰжЮрЕ

й˔Ѓ˔ בּ ̠ ТϰжЮрГ˔Єдр
χТжϽЮрЕΥ

C+ + [H2C=C=C=C=CH2] Ÿ [HCſC-CſC-CſCH]+ + H2

Ъзϱр

TOF mass 
spectrum

ế
жЫр╩

Femtosecond laser irradiation of liquid alkanes: Mechanism of 

polyyne formation

A.A. Zaidi, A. Hu, D.E. Henneke, W.W. Duley

Chem. Phys. Lett., 723, 151 (2019)
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CO2ρ Τϣ Ṑ ◓χ Ṑ 

Formation of C2 organic molecules from CO2 and H2O by femtosecond laser induced chemical reactions in water

Teppei Nishi, Shunsuke Sato, Ayako Ohshima, Takahiro Nakamura, Shunichi Sato, and Takeshi Morikawa

Japanese Journal of Applied Physics, 59 (2020) 057001

Євϳ▒

ϻ▒

13CO2ρ ϒχй˔Ѓ˔ בּ

τ ᵔΰθCO2ΥὫ›
̠ ϻ▒ρЄвϳ▒Υ



ЦрЉрϒχй˔Ѓ˔ בּ
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◓  τϢϥӸΜ

Benzene Toluene Cyclohexane Hexane

C6H6 C6H6CH3 C6H12 C6H14

b toluenea benzene c cyclohexane

270 280 290 300 310 320 330

(c) Cyclohexane

(b) Toluene

(a) Benzene
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ÅώθνχХϺЂр
◓χ › ᴂ

ÅЍϱЫ˔ Υᾒ

2 CnHn+2 C2nH2n+2 + H2Ÿ
Л˔Ыиϯиϸр
ṅϯиϸрˢ  Ӱ ˣ

+
Л˔ЫиХϺЂр Л˔ЫиХϺЂр

Examples

Ÿ

Л˔ЫиЖДϸр

H H+
◓

Ÿ

5-methyl-undecane

H H+
◓

Ÿ

4-ethyl-decane

H H+
◓

22

ÅϢϤ‰Μế πϯиϸрτй˔Ѓ˔ΊϬ בּ
ÅЪзϱрϢϤʺЍϱЫ˔χ ΥψϥΤτ Μ
Å χ Ṑ ΥΚϥχπψˁ

ᾆẕ



ᾓם

ˢ ◓χ ˣ
GC-MS Gas Chromatography ςMass Spectrometer)

Agilent 6890N (GC), 5975C (MS)

Ti:Sapphire
ק : Ẏ 1000 Hz

: 800 nm
: Ẏ 6 mJ

Ͻ
: 40 mm 8 mm

ʴ 2 mL
C5-C11:

ΊйрЇ
(f = 40 mm)

ϹжІЈи

23

f = 8 mm



Pulse energy: 0.3 mJ
Repetition rate: 1000 Hz

ϹІϼкЫЕϽжЭʿХϺЂр
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ᾖ◓χὫ›ӡ χ ›δ

Πω

1

2

5

6

3

4

1

2

5

6

3

4

6

5

2

1

4

3

6

5

2

1

4

3

1

1

2

5

6

3

46

5

24

3

1

2

5

6

3

4

6

5

2

1

4

3

1

2

5

6

3

4

6

5

2

1

4

3

1

3

42

1

5

6

5

2

4

3

C12

dodecane 5-methyl-undecane

4,5-diethyl-octane

4-ethyl-decane

4-ethyl-5-methyl-nonane5,6-dimethyl-decane

1 2 3

1

2

3

d
o

d
e

ca
n
e

5
-m

e
th

yl
-u

n
d
e

ca
n
e

4
,5

-d
ie

th
yl

-o
ct

a
n
e

4
-e

th
yl

-d
e

ca
n
e

4
-e

th
yl

-5
-m

e
th

yl
-n

o
n

a
n
e

5
,6

-d
im

e
th

yl
-d

e
ca

n
e

26

C12H26χ  Ӱ ʿ355



Pulse energy: 0.3 mJ
Repetition rate: 1000 Hz

ϹІϼкЫЕϽжЭʿХϺЂр
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χ σΜϯиϸр (C7-C11)

ήϦθϯиϸрρӰ
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χӰσϥϯиϸр
(C5-C11)χϼкЫЕϽжЭ

Å Υ2 χϯиϸр(C2n)Υ Μ

Å Υ σΜ χϯиϸрρϯ

иϾрˢC4 ~ C2n-1ˣϜ

Å ◓χ Ϟ Υ αṛ

Å Υ3 χ ◓ˢC3n-1 ~ 

C3nˣϜ ∕

Ṑ 

●ϬὫ›

ϕϖ αᶎ

̠ ḧχẩ Ϭ ϛϥ

й˔Ѓ˔ ὢ ӊ χᴦ
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Carbon 
number Molecules

C22

docosane, 10-methyl-henicosane, 9-ethyl-eicosane, 10,11-dimethyl-eicosan, 8-
propyl-nonadecane, 7-butyl-octadecane, 6-pentyl-heptadecane, 9-ethyl-10methyl-
nonadecane, 8-propyl-9-methyl-octadecane, 9,10-diethyl-octadecane, 7-butyl-8-
methyl-octadecane, 6-pentyl-7-methyl-hexadecane, 9-ethyl-8-propyl-heptadecane, 
7-butyl-8-ethyl-hexadecance, 7-ethyl-6-pentyl-pentadecane, 8,9-dipropyl-
hexadecane, 7-butyl-8-propyl-pentadecane, 6-pentyl-7-propyl-tetradecane, 7,8-
dibutyl-tetradecane, 7-butyl-6-pentyl-tridecane, 6,7-dipentyl-dodecane

C21 heneicosane, *10-methyl-eicosane, *9-ethyl-nonadecane, *8-propyl-octadecane, 
*7-butyl-heptadecane, *6-pentyl-hexadecane

C20
eicosane, *10-methyl-nonadecane, *9-ethyl-octadecane, 8-propyl-heptadecane, 7-
butyl-hexadecane, 6-pentyl-pentadecane

C19 nonadecane, 9-methyl-octadecane, 9-ethyl-heptadecane, 8-propyl-hexadecane, 7-
butyl-pentadecane, 6-pentyl-tetradecane

C18 octadecane, 8-methyl-heptadecane, 8-ethyl-hexadecane, 8-propyl-pentadecane, 
7-butyl-tetradecane, 6-pentyl-tridecane

C17 heptadecane, 7-methyl-hexadecane, 7-ethyl-pentadecane, 7-propyl-tetradecane, 
7-butyl-tridecane, 6-pentyl-dodecane

C16 hexadecane, 6-methyl-pentadecane, 6-ethyl-tetradecane, 6-propyl-tirdecane, 6-
butyl-dodecane, 6-pentyl-undecane

C15 pentadecane, 5-methyl-tetradecane, 5-ethyl-tridecane, 5-propyl-dodecane, 5-
butyl-undecane, 5-pentyl-decane

C14 tetradecane, 4-methyl-tridecane, 4-ethyl-dodecane, 4-propyl-undecane, 4-butyl-
decane, 4-pentyl-nonane

C13 tridecane, 3-methyl-dodecane, 3-ethyl-undecane, 3-propyl-decane, 3-butyl-
nonane, 3-pentyl-octane

C12 *dodecane, *3-methyl-undecane, *2-methyl-decane, *4-methyl-decane, *5-
methyl-decane, *6-methyl-decane

C11 (E)-2-undecene, (Z)-2-undecene
C10 *decane, *1-decene
C9 nonane, 1-nonene
C8 octane, 1-octene
C7 heptane, 1-heptene
C6 hexane, 1-hexene
C5 pentane, 1-pentene
C4 butane, 1-butene

●χὫ›τϢμο
Υ ήϦϥ ◓

ϳрДϸр(C11)χ ›

* ᾁ πΦσΤμθ ◓

C22H46χ  Ӱ
2,278,658

ᾁ ήϦθ ◓
21



C8 C9 C10 C11 C12C7

0.3 mJ

0.5 mJ

1 mJ

2 mJ

3 mJ

4 mJ

5 mJ
**

** *

*▒ ϬḯϚ Ṑᴟ›
(hexanone, hexanal, hexanol) 3-hexanone

O

2-hexanone

O

3-hexanol

OH
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χОиІϵКиϻ˔ӢχОиІϵКиϻ˔Ӣ

() ( )
0.76
0.10

th
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a
= -
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χОиІϵКиϻ˔Ӣ ˦―╔˧

ᴠ ʿй˔Ѓ˔ ὢ τϢϤϯиϸр

◓ ̠ Κϥӊ ӟ χ Ӥ

(I(E)) ̠ Τϣχẩ χ3 (r th
3)τ

I(E) ́ r th
3

й˔Ѓ˔Ίχ ̠ ὢ χ ᾛ

ὢ ӊ (P(r)) ̠ ẩ χ2 (r2)τ

P(r) ´P(0) / r2
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Minimally disruptive laser-induced breakdown in water

E. N. Glezer, C. B. Schaffer, N. Nishimura, and E. Mazur

Opt. Lett. 22 (1997) 1817

ὢ ӊ ʿОиІϵКиϻ˔χ ₢τ

100 fs
200 ps

ψОиІϵКиϻ˔χ3/4 τ

() 0.75I E E´

ÅםᾓὫᴮˢa= 0.76ˣρϢΨԁ

Åй˔Ѓ˔ ὢ τϢϥϯиϸр Ϭ◦ⱱ

P(0) ́ E0.5

ὢ ӊ χОиІϵКиϻ˔Ӣ

P(r th) ́ P(0) / r th
2

I(E) ́ r th
3
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C-C
(C2n)

(Cm: m< 2n)

Ὣ

ׁ ϯиϸрτ‰ế й˔Ѓ˔ בּ

Å Υ2 πΚϥˢ ṅˣϯиϸр Υᾒ

Å ΰθ  Ӱ ψ οʺώθνχϯиϸрχ

●χ ›δρԁ

Å χОиІϵКиϻ˔Ӣ Υй˔Ѓ˔ ὢ τϢ

Ϥ πΦϥ

W. Ishikawa and S. Sato, ChemPhysChem, 21, 2104 (2020) 
doi.org/10.1002/cphc.202000563

‰ӊй˔Ѓ˔ Ṟ ὢ ˢ> 10 GPaˀ Πω Ẕ χӊ ˢ365 GPaˣˣ

ᾖ◓ḧẩ Υ Ϙϥ

A. Fernandez-Pađella, M. Millot , D. E. Fratanduono , M. P. Desjarlais , S. Hamel, M. C. Marshall, D. J. Erskine, P. 
A. Sterne, S. Haan, T. R. Boehly, G. W. Collins, J. H. Eggert, P. M. Celliers , Phys. Rev. Lett. 122, 255702 (2019).
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ЮЌЛ˔иϒχ ‹ʿCO2ρЮЌЛ˔иχὫבּ

ϻ▒ ϻ▒ЮЎи

ϸиЩϺЄṁχ ψʺCO2
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ЮЌЛ˔иϒχ ʿОиІϵКиϻ˔Ӣבּ

ΥОиІϵКи

ϻ˔χ0.75 τ

й˔Ѓ˔ ὢ τϢϥ

Ϭꜘ€
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Methoxymethanolʿ τϢϥϷзЁЫ˔

τϢϥFT-IRχ ᴟ
ϷзЁЫ˔

ϹІϼкЫЕϽжТ



39

ϵЌЛ˔иϒχ בּ

ὢ τϢμο Υ ήϦϥ ◓

ÅЮЎиṁΥὧ ΰθ ◓Ϝᾁ ήϦθ
Å CO2Ϭ ᵔΰθ♯ πϯЈЌ˔иΥᾒ

ЮЎиṁΥ
ὧ

ϹІϼкЫЕϽжТ

ϯЈЌ˔и

ЮЎиṁχ
π

ХЬϯЈЌ˔и
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ЮЌЛ˔иρϵЌЛ˔иρχ₤›ׁϒχ בּ

ϯЈЌ˔иᴟ ᴂ


