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1. Introduction

In the past decade, studying of photophysical and photochemical processes
has led to numerous applications across various fields, from physics to
medicine. While many of these processes occur rapidly, the response times of
conventional electronic devices are often inadequate for measuring such fast
events. The spontaneous lifetimes of most transient excited states typically fall
within the femto- or picosecond timescales, necessitating high-resolution
spectroscopy methods to capture light-induced intermediate reactions.
Transient absorption spectroscopy, based on the pump-probe method, is a
powerful technique that employs ultrashort laser pulses to investigate the
photophysical and photochemical properties of materials. Given that water is
the primary solvent in most chemical solutions and a major component of
biological tissues, ultrafast probe methods are essential for exploring the
microscopic dynamics of water when excited by light. To our knowledge,
amplified pulses from a Ti: sapphire laser, with energies ranging from several
microjoules to millijoules, have been utilized to study the dynamics of water
molecules. This article examines the fundamental principles of transient
absorption spectroscopy. We implement a pump-probe setup using both the
fundamental and second harmonic wavelengths of Ti: sapphire femtosecond
laser pulses to investigate the time evolution of transient absorption spectra of
deionized water. Notably, this study utilizes energy pulses of approximately
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1-3 nanojoules, significantly lower than those typically required for the
dissociation or ionization of water molecules.
2. Methodology

The pump and probe beams originate from a single laser pulse in transient
absorption spectroscopy. In transient absorption spectroscopy, the pump and
probe beams originate from a single laser pulse. The pump pulse excites the
sample, while the probe pulse detects the differential absorbance of the excited
sample. We measure the intensity of the probe beam transmitted through the
sample both with and without the pump beam, for various pump-probe delays
(At) at a fixed wavelength (A). The measured signals are represented as the
absorbance of the sample with (A,) and without (Ayp) the pump beam. Thus,
the differential absorbance of the sample is defined as:

I AL AL
AA (R A = A, (LA~ A, (3, At) = —Ln| Sz (524
' '  — (7" At)

I probep) and I probenp) are the probe intensity transmitted by the sample with and
without the pump beam.

The transient absorption measurement setup allows for the temporal evolution
of differential absorbance to be measured either at a fixed wavelength or
across the full spectrum at a fixed time after excitation. This results in a two-
dimensional data matrix for different wavelengths or times. The data obtained
from the transient absorption configurations, known as "single wavelength"
and "broadband," complement each other. Generally, spectral information
identifies different intermediate levels arising from photon interactions, while
time evolution determines their lifetimes.

3. Results and Discussion
We employed Ti: sapphire laser pulses at a fundamental wavelength of 784
nm with a duration of 50 fs, alongside its second harmonic at 392 nm, as the
probe and pump beams, respectively. The temporal resolution of the
measurements is dictated by the cross-correlation function of the pump and
probe beams, with a full width at half maximum (FWHM) of 110 fs obtained
in our experiments. We measured the transmitted intensity of the probe beam
both with and without the pump beam. Observing an increase in transmitted
intensity in the presence of the pump, indicating a decrease in sample
absorption. The absorbance of the sample was measured across the
wavelength range of 740 to 820 nm. The presence of pump pulses resulted in
a decrease in absorption, leading to a negative signal at 788 nm in the AA
spectrum, indicative of ground state bleaching. The AA spectrum, recorded
350 fs after excitation, displays a stimulated emission band peaking at 798 nm,
which overlaps with the ground state bleaching band, exhibiting a 10 nm
Stokes shift. The temporal evolution of AA at 784 nm for delays ranging from
0 to 1.1 picoseconds reveals a maximum at 70 fs post-pump, suggesting the
presence of an unstable intermediate level. Fitting a double exponential
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function to the experimental data yields a lifetime of approximately 150 fs for
this intermediate state.

4. Conclusion

This article explores the fundamental principles of transient absorption
spectroscopy. We successfully implemented an ultrafast transient absorption
setup based on the pump-probe method, utilizing the fundamental and second
harmonic wavelengths of the Ti: sapphire femtosecond laser with energy
levels of 1-3 nanojoules for the first time. The transient absorption spectrum
of deionized water was investigated with femtosecond time resolution in two
modes: one with fixed delay times for probe wavelengths ranging from 740 to
820 nm, and the other with a fixed probe wavelength for various time delays
up to 1.1 picoseconds. The transient absorption spectra reveal a negative
signal peaking at 788 nm, attributed to ground state bleaching due to the
depopulation of the ground state induced by the pump. A negative signal at
798 nm, resulting from stimulated emission, overlaps with a 10 nm Stokes
shift of the ground state bleaching band. The temporal evolution of the
transient absorbance spectra shows an absorption peak at 70 fs delay between
pump and probe pulses, indicating an unstable intermediate level resulting
from a two-photon absorption process—one photon from the pump pulse at
392 nm and another from the probe pulse at 784 nm. Fitting a two-exponential
function to the relaxation data yields a lifetime of approximately 150 fs for
this level.

Keywords: Transient Absorption Spectra, Ti: Sapphire Laser, Femtosecond
Deionized Water.

References

[1] Krishnamoorthi, A., Khosh Abady, K., Dhankhar, D. and Rentzepis, P.M.,
"Ultrafast transient absorption spectra and kinetics of rod and cone visual
pigments", Molecules, 28(15), 5829-5848, 2023.
https://doi.org/10.3390/molecules28155829

[2] Berera, R., van Grondelle, R. and Kennis, J.T., "Ultrafast transient
absorption spectroscopy: principles and application to photosynthetic
systems", Photosynthesis research 101, 105-118, 20009.
https://doi.org/10.1007/s11120-009-9454-y

[3] Wang, Q., Yun, L. and Yang, J., "Ultrafast molecular movies: Probing
chemical dynamics with femtosecond electron and X-ray diffraction", CCS
Chemistry 6(5), 1092-1109, 2024,
https://doi.org/10.31635/ccschem.023.202303425

[4] Li, N., Wang, Q. and Zhang, H.L., "2D Materials in Light: Excited-State
Dynamics and Applications", The Chemical Record 20(5), 413-428, 2020.
https://doi.org/10.1002/tcr.201900050

[5] Karaman, C.O., Bykov, A.Y., Kiani, F., Tagliabue, G. and Zayats, A.V.,
"Ultrafast hot-carrier dynamics in ultrathin monocrystalline gold", Nature

https://jap.alzahra.ac.ir

*

ALZAHRA
UNIVERSITY



XXIX / Extended Abstracts

Communications 15(1), 703-711, 2024. https://doi.org/10.1038/s41467-
024-44769-3

[6] Cooper, J.K., Reyes-Lillo, S.E., Hess, L.H., Jiang, C.M., Neaton, J.B. and
Sharp, 1.D., "Physical origins of the transient absorption spectra and
dynamics in thin-film semiconductors: the case of BiVO4", The Journal of
Physical Chemistry C 122(36),20642-20652, 2018.
https://doi.org/10.1021/acs.jpcc.8b06645

[7] Norrish, R.G.W. and Porter, G., "Chemical reactions produced by very
high light intensities", Nature 164(4172), 658-658, 1949.
https://doi.org/10.1038/164658a0

[8] Zewail, A.H., "Femtochemistry: Atomic-scale dynamics of the chemical
bond", The Journal of Physical Chemistry A 104(24), 5660-5694, 2000.
https://doi.org/10.1021/jp001460h.

[9] Yu, H.Z., Baskin, J.S. and Zewail, A.H., "Ultrafast dynamics of porphyrins
in the condensed phase: II. Zinc tetraphenylporphyrin", The Journal of
Physical Chemistry A 106(42), 9845-9854, 2002.
https://doi.org/10.1021/jp0203999.

[10] Baskin, J.S., Yu, H.Z. and Zewail, A.H., "Ultrafast dynamics of
porphyrins in the condensed phase: 1. Free base tetraphenylporphyrin", The
Journal of Physical Chemistry A 106(42), 9837-9844, 2002.
https://doi.org/10.1021/jp020398¢g

[11] Bloembergen, N., "Nonlinear optics and spectroscopy", Reviews of
Modern Physics 54, 685, 1982.
https://doi.org/10.1103/RevModPhys.54.685

[12] Schawlow, A.L., "Spectroscopy in a new light", Reviews of Modern
Physics 54(3), 697, 1982.

https://doi.org/10.1103/RevModPhys.54.697

[13] Strickland, D. and Mourou, G., "Compression of amplified chirped
optical pulses", Optics communications 55(6), 447-449, 1985.
https://doi.org/10.1016/0030-4018(85)90120-8

[14] Yu, H.Z., Baskin, J.S., Steiger, B., Wan, C.Z., Anson, F.C. and Zewalil,
A.H., "Femtosecond dynamics of metalloporphyrins: electron transfer and
energy redistribution", Chemical physics letters 293(1-2), 1-8, 1998.
https://doi.org/10.1016/S0009-2614(98)00753-2

[15] Zhu, J., Wageh, S., Al-Ghamdi, A.A., "Using the femtosecond technique
to study charge transfer dynamics", Chin. J. Catal., 49, 5-7, 2023.
10.1016/S1872-2067(23)64436-5

[16] Zhang, Q. and Luo, Y., "Probing the ultrafast dynamics in nanomaterial
complex systems by femtosecond transient absorption spectroscopy"”, High
Power  Laser  Science and  Engineering 4, €22, 2016.
https://doi.org/10.1017/hpl.2016.23

[17] Elles, C.G., Shkrob, I.A., Crowell, R.A. and Bradforth, S.E., "Excited
state dynamics of liquid water: Insight from the dissociation reaction
following two-photon excitation", The Journal of chemical physics
126(16), 2007. 10.1063/1.2727468

*

ALZRHRA
UNIVERSITY




XXX/ Iranian Journal of Applied Physics, Vol. 15, Issue 1, Serial No. 40, Spring 2025

[18] Steinel, T., Asbury, J.B., Zheng, J. and Fayer, M.D., "Watching hydrogen
bonds break: A transient absorption study of water", The Journal of
Physical Chemistry A 108(50), 10957-10964, 2004.
https://doi.org/10.1021/jp046711r.

[19] Savchenko, V., Liu, J.C., Odelius, M., Ignatova, N., Gel'mukhanov, F.,
Polyutov, S. and Kimberg, V., "Photodissociation of water induced by a
long UV pulse and probed by high-energy-resolution x-ray-absorption
spectroscopy",  Physical ~Review A  104(3), 032816, 2021.
https://doi.org/10.1103/PhysRevA.104.032816.

[20] Saleh, B.E. and Teich, M.C., Fundamentals of photonics. john Wiley &
sons, 2019.

[21] Ha-Thi, M.H., Burdzinski, G., Pino, T. and Changenet, P., "Transient
Absorption Spectroscopy in Inorganic Systems", In Springer Handbook of
Inorganic Photochemistry, pp. 107-130. Cham: Springer International
Publishing, 2022. 10.1007/978-3-030-63713-2_5

[22] Cerullo, G., Manzoni, C., Liier, L. and Polli, D., "Time-resolved methods
in biophysics. 4. Broadband pump—yprobe spectroscopy system with sub-
20 fs temporal resolution for the study of energy transfer processes in
photosynthesis", Photochemical & Photobiological Sciences 6, 135-144,
2007. https://doi.org/10.1039/B606949E

[23] Othonos, A., "Probing ultrafast carrier and phonon dynamics in
semiconductors", Journal of applied physics 83(4), 1789-1830, 1998.
https://doi.org/10.1063/1.367411

[24] Pasanen, H.P., Khan, R., Odutola, J.A. and Tkachenko, N.V., "Transient
Absorption Spectroscopy of Films: Impact of Refractive Index", The
Journal of Physical Chemistry C 128(15), 6167-6179, 2024.
https://doi.org/10.1021/acs.jpcc.4c00981

[25] Knowles, K.E., Koch, M.D. and Shelton, J.L., "Three applications of
ultrafast transient absorption spectroscopy of semiconductor thin films:
spectroelectrochemistry, microscopy, and identification of thermal
contributions", Journal of Materials Chemistry C 6(44), 11853-11867,
2018. https://doi.org/10.1039/C8TC02977F

[26] Hajiesmaeilbaigi, F. and Azima, A., "Ultrashort-pulse generation by self-
mode-locked Ti: sapphire lasers without apertures and with low pumping
powers", Canadian journal of physics 76(6), 495-499, 1998.
https://doi.org/10.1139/p98-024

[27] Hajiesmaeilbaigi, F., Bostandoost, E.S., Motamedi, A.S. and Razzaghi,
H., "Amplification of Ti: sapphire femtosecond laser pulses by Z-scheme
Regenerative Amplifier", Journal of Nuclear Science, Engineering and
Technology (JONSAT) 44(1), 144-150, 2023.
https://doi.org/10.24200/nst.2023.1327

https://jap.alzahra.ac.ir

*

ALZAHRA
UNIVERSITY



S5 Yiao

Slosliinl b ug g 9T SHI Cds  mwoly

\ o efoe e e A R -
2l padlid 4iligied 3 ‘Stﬁt_{ﬁ’
9" w9 by DSl s LBl B3y Cymes ¥ Ky haslowlzl 4id
8 ghnize I1dLulows!

VBT BY0 13l 55 ) Olpl 83,8 K58 ade Aol
VEY WY 1 Sl 6 Lo 1 ol (o, 5 548l
VEYN /Y VF sl Fr ol ceas it JL
AV~ 50
e

I $lo3,52S 05l g3 [y S5 & T i oy 45505 (Sl ESCnly 3 octalin SIS oIS il pieoi iy
GG S ol iy 5 S Olonti Ml 21 5 oS o ] 3 L oo b b 205 o Sl ol
O pso gfuujw/@u b 53 ol pgile ) ) ailigied (Glac s jloslizal b 3slS = p2as ) o s
53 3 4listad o =5 b S Sy i)y Olsie 4 O Ost T ShAS e iy ol ks (g jlesly
Ssb pmman 3 ialS" o 1 agili AT GVEe o sb ol s Coli ot b Oloj s [,dS oo Sl i b
3 ] 45,55 ety 1 300 Sy VN 6 i b3 Ciliien o sl b (51 ol S e
3 tienf L7 S bbb olins Ol 45 it S S es (glaly g8 code 3 0t sloul Comaz (3D
oS (e in S ienss 35 oo olislii [ S ol i iy g3 6] 20 5L VA g0 oo
Sl ol el ) OT 4 S 5 ks plis] e 7 (S dbidedn lai 3 i ol VIA g0 sk o3
Oy sl 5 s (Slacd oy 4ilisied Ve ot b Olaj o pedem 4 [0S ol s e J o iy )1
I AR 5 I e Db 5 s 5 1 G i 53 o T3 1 oA ST 4l ) s o
O 5 laly (5laosls il ) alizl b oo ilon 1,7 oiasOUES 6ekSl oo i sili VAF =0 sk b alS
e G 4 22 100 L ) as Ssb Uiss o lod pU

i el T el giad s ey 1 )5 ol iy S AlS” OB

! https://doi.org/10.22051/ijap.2024.48277.1425
Email:  (Jgwe $2ug) 0lal O ¢ cslien 053 5 pile oKiagn (o3l slasssls 5 oS aSiagy bl
fbaigi2000@yahoo.com fesmaceilbaigi@aeoi.org.ir
Email: .0l 0 cglems 058 5 psle Bings (alS Glagsld 5 STss oK hayy )l sy 8 kel s T
hrazaghi2016@gmail.com
Email: meygolbostan@yaho0.com .01 10 45 «glms 05 5 ¢ ke ka3 ¢ a3l 58 Slas s5h 5 S5 g5 0K kn g ¢l it IS
Email: asma.motamed@yah00.com .01, 0145 «glas 055 5 ¢ 5ke otin 53 (a3l S Slas 53 5 6S5 55 35 0aSiin 53, ¢5lslewl ©




FENVEF e Fr gl s 5l Jlo dl s I eBsils (0l ) 63,515 6 58 ale delidad

dodo L)
03 s gt 5 5 (b5 TS slml o ol Sl eslinal L 055 e
3 (ajl.o Calses gladis oo L;|a.>j:.wf s, 4 e AT 5 oyl asdlas widS claans
5 b s T b Jols (S5 sladnT 5 [N-Y] ol ot (S5 b 658 51 (5,5l
et 5 ST 3 o8 Jlo 55 S o bl o3l 55 plard o s &S Sl AU 8
S o s e gland RSTs 4 e g ol osle o ;ST ge b g5 2S5l 4 bgs se
S B plesd B ST 58 o0 oS o Sl o 4 05 0l b ST e
sl b 2aSs Jals bt T3 cpl [F-F] ims 55 0T o b 5 b Spe J1s 3 Ll 5 oo
ot 3 I8 50 ) Gilals b st o J S50 o b 995 65 Jl ¢ glad sy
LSy o sl 4wl S 058 ol LS 05 6 Cau [8]
& A1 laly 5 (s s ol Slodd el IS0 ge 58 0 6 o SYL ol
Jst b (b il s b il g8) (2 QUGS g 5 485 S Il (s
133 8 o Sl S (bl 53 by (BT el s | 3) b
12 (SS9 SN Gla I3l el Ol B cis e glacdi 555 5 (S35 8 slanT 5
Sl iy @354 5 e dob [P] AL ool b e Dl GAST 3 (al (o) 2
e Slasl s ol edaline ol ol sl S b gzed Sloj o5l 3 Y game IS eSS,
o3lizal Lol Wl Sls sla 2815 S 1 p VU Glej 585 b (amimioli Sla sy a5l
S el Sl G5 aseis gl Laiydd b,y | sl - ges ol Sl 55 )
23 A3l = Shes gy iledd S0 4l e B gmad 1 Slej (slalie 53 K o Sl g
o Jis ol S8y 4 3350 VAPV 50 &S o s Sheos SR b e O3 Lyl
s oS = e gl 5 4d e el A e 93 55 598 = Jres gba il T [V] s LT e
S0 G517 035 Jlsanar sshie a 55 68 5o 5L ges 6 o Juls o ls ol
J325 S o3 L L U315 OT g2 Jols 35 a0 sl Comar 33kt 5l
ﬁdt-.aL;u)G,wd,sduxiuw)j.gwtu;,sruw,;w”;&,p@u@uj

Sk 5 (61520655 G 6o e S5 51T ol (558 pled Sl el (5t s2ed o5,

! Pump-probe




3 3 e ¢ St Lol 432 ¢ 3l o 53 43 5208 55 (Sl ) ealitl b 0 050k T 6,8 ol il 9V

2 o b bul LasSl 515 Slej Jgms W bay cpl 3 S s o3lizul 55187 5 s
s or 6 S 3l ras 5 2l 4SS L

SN BB A 5 e e Ol e w b o3l oal 3 Sl s
an3 3l il s ane g 0hs 4 g ailsad (5 3 5l ol (S IS - e
P2 05 ol Sl ey o3l i 53 1) BB Sl T edaliie OISG (3Me VA4
95 o smds g 3 o0 BL) e B 5 ESaly s andllon (g1 s a3 8 150 S 550150 5 AS e
6 a8 05 ged e3lizal olesd gla 28Ty Il glacdl alas gl 45 s20d  miwiley
AN T 3l b o oL L (s 4z ) 5 4y e 5 B L 6050 5 o 2 (3L
Doy 4 6 o e Ol gt B SV (S5 s e 8550 Sl andllan (51 52055 0
T8 ol ey Olsie 0 Vsane By ol 5 el 536 slacaY o Kol JolS”
03p b 5 S5 o S 03 peds KO Sy ol e dsbe e
N ledd (chags anas ol b kad o s ol iy S3L0s 4 (3050 0 5STU Ol
Sl 015 o 1y I8 Gl lacly (Sl s b el sl Slasly b anlie 55 [T
5 @ Tl e I8 Cda Ol by 13 eslinal 5y5e b b GladnT b J o anllas
213 S S8 skl adlllas sl 15 (S5 s5 5 olard 5 sladnT 3 Dol Wl 55 s
sl U shoun 5 oy 5500l (655 st 5 b JUst sla T3 anlllas (s S S
D8] 5,8 o 515 oslinal 3550 30

2 813 ol o5 Sl (ol 5 gliact Sladsloes AN 4y S Ol e 4 T
Sl (Sl ) gl gy 3505 glolid Jol S s 40 1) OT I oL Iotal Calides (glad o
St el 5 S5 p e ot Aoz S| Gl laej i ol b T S,
b5 GRS (S hamn 5 45503 Lo )l87 51 s Gl 53 sage 2 5 42ls ool
253 B ) ey oDl (6550 I (Sla e 03,5 Lo OT w55 Sloj olite 5 T
Ll eayls 5 1508 ola Jule ¢Saim 3550 53 9305 sbosls ax B .l i b
55 Slodily ol ot jaiie LS S g 4 0T (5,8 IS8 5 oS sl eSalys

La\,H,L.:),;pqiii,,;ebj\al;@\,,\,}mj@ﬂcyju:;uwx.g,:,uww@

!'Ti: sapphire

2 Transient Absorption Spectroscopy
3 Femtosecond Transient Absorption
4 Macroscopic




FANVEF Sl Fr by coan 3l Jlo dl o 1 oBsils (0l ) 63,518 6 5 ale delidiad

ST sl g 5Ky S Sl > Y same bl 5 50 S YU o b (6013 50 50 5590 L 55
Sl 0T sy sl 5 0355 6,8 031l BB s ygo 4 h5 S L ot eSSl
DV 8 eslizal 338 25187 sla 53,

eifu,_mfﬁélﬁ‘@uu(.w O5SE oS Sldlas LAl 3 0eT Jas & (Sla w5 pls
b 5 Sn iz o35eomn 53 551 b pli sl 53 oddy 58 slas Sl 0T lad S
2550 T3 50 4 325 L Ol gy o 8T Sl ok ol 203 4850 O 55 4 Js 5 e
Sl oslial b e 5 0is gy p 1,8 Codo  miwiliy ad gl Jgeol 1l i ol 53 [Y4-1Y]
1 03Y G513 S Sl 4 550 Y (G551 i p a3 Kol s 4l b las
Sl Gl J g 0ok (3luesly Bl = has Dlackr Sl T IS 50 05 S35 b 4 520
C3o3 0T e Kalen 5 553 ool zsedsb 53 0 05k ST sad S50 1,8 Sl
el 0l (6 S o3Il 5 gy 4l gmad Sl

L Dd (Pl ).

o 1S o o 5 0 Jime I S50 0 5551358 Dl IS0 a5 059 SalKen
Sl 8 e 5 (Sl M ash e YL B0 L 55 S0 Gl 4 e
)3 bl S 5 s Sl Sl Lyl i 05 (6551 47 Bl e G
el el 6l s Sl 5 G ol )

S 3,8 o N p o 30 D = 056 el i el il an D50 4
L 0 (@) s dsb 5 (1)) 50 Ik & atly e o & L 1(Z) 03l Sl o) 5 s
S s

_ —a(N)Z
I(z)=I(o) ¢ W

JLE.:J\CE_Lch.wt.:g.l\?gﬁjﬁécjii:;bjbj\.@h:b«“;:j)}@&l(0) oS J= s
Cdo Sl Sy Al b gs S Sl w al Sl 1 st Sl ediasOlis o7
et 53,15 Sy Conl 4SS 5wl I s Comesr CNe sl 5 (6355 055 50

-Mwwww&uaur&dﬁwﬁwmwwgbc&»
Sleepl 2 053l OT Gl 5w Coamaz Ol bl s 03le &5 Gl Sl ol 5l
(ol Do) 4 aly (o W15 62 a5 e sb 0 4 Comar Ol 57 T

)03 0T Lo o Gl (Soaly 35 0 o




3 3 e ¢ St Lol 433 ¢yl o 53 43 205 55 (Sl Sl ealitel b O 85k ST 6,08 o il /94

S 3 oo dsb s Se ob S sl Dl 1 (AL S el 2
Gl ia,y & o 3 [N ] ol b0 L ast g2ed d 3 Ysens LIS Sl Il
aon ol Ll 3)l3 305 1,08 Dl Ol (g2 81 oG58 (U5 S olinal b il
Gl Ol [YY-Y1] s lie 0355 oo 4 lid 518 — s Olgte 4 &S by, s OT
Gl bS5 o5 Slacs 51 4 Sl eyl LIl 58— res gy gt LIS
Y] S o o3lizl (26T Sl Olj 3 3l ge land 58 5 (SosE S Sl S s s
SSan 3935 5 0T bt b (053 G S5 0258 0 Sl 4505 S oK [10
053 K S s s oL 538 ey onl 03 Lisd I 5 IS Gladauly S ol
5 3 505 S (8 s 5 2l B S o G e T G g 3 s e 5L
Codor (llimd Sl i i b 235 o o3linul 4Kl gas da Ladets )y 5o
IY] 55T oy 15 6505 61538 Sl Ol 5 i T 3 (AT e O 5 0

Sl s AS5L b O 5 b @308 (Sa) pr okd Jlayl 25l8 &S50 s rgy ol 53
S e g0 dsb 53 DE s a00L 4 o (25157 0L Calities (gl b
Iprobe(p) 5 Lies KoL Olé 53 4505 1 (6585 Sk Iprobe(np) &5 5505 2355 o0
L TE-L ke SBIBT St R PO NP P UNE

(LAt =1 e "=

Iprobe( np)

()
1 A (MAYD

Lpepy (M AD =1 e

Oy 5 53 Ol y3 558 4S5 ,L Std Sl o 54 Anp(L,DE) 5 Ap(L,DE) 0T s o7

HESRTAPES e

AAQLAY)=A (L A)-A, (A AL)

I A AL
AA(M, At) =-Ln W’L()
Iprobe(np) (}\‘7 At)

)




VeONEF Sl oFr gl cenn 3l Lol el 0l 2l (63,8 &S5 53 pole alla

23 g0 o s S5 J Ol I8 e (5,8 o310 Olenkr 5 S 4 w5 L
S5 3 DA o8 Sl b a2 50 d b K 55 (DA) 23 000 i e 5 5 i 0L
Sng 33 0315 s 5l &S5 3500 53 g8 5303, (6,8 0511 4 g3 &S o Sl ey 1y ol OLe
S 93 8 ol Sy slaesls AT wqqméuou)gqméucy Jsb &l
S oS i o a5l "L " 5" e sk ST Ol L Ol sy
s 055 b LESTy Sl o Soline Sle il slals gl by slaesls . dzs
L LoT jee Jsb 058 Lasie Ol Gl Jsos oy p Sl 53 558 o oslizul diloaT

SELLIT Olovuz 1.
SO JSKs s Shass cpl ysedd (ilwesly 51,08 Cde Ol (6,8 03101 o o Olads
Fr el 0 Sl Gl b i paslis 53 aKoL 51 amd Olodr cpl 53 ool 0l
3 g [YV=Y] 2 SUVAF (6557 0 o gad b 53 Dl a ¥o v law e 015 5 525G A 1SS
SB3L 31 5 0dks dd 2o sUYAY 250 b 3 095 Sialen 4 BBO (s 1 5k 51 50
5 5 r ol @ gl Jol s (555 2 s 8000 Ol gie 4 god sk 0B k5
(ol ok oslizal T g 56 Gl b st e 5k 5l e Saalen 050 M5 sl 45T
2t Mo(W)+No(W)=Ne(2W)) ol Jooh &K1 3500 £33 $Kinlon &1 5 lad
B o3 4Gl o 53 gnes 45 S5 T 5 s 4K 55 isB 035 (6lse sl
b gon b oS 65 5155 ) ey ol 50 Jsb 03 )3 4L S e il 43 S
3 JSize (6555, st gl a5k e 533,58 0 1 eslizal 3558 35S 4SS O e
DA eals S5 Gbl beds J a8 6V Sda L g5 0 ISl (5 (555 2 o 23k ples
ol 456 g2 VL sl 09,0 7YV Ll Uil (6 6K (6 oyl ST 5 S8 sl 0l 031
b Sy Vor b Gy b plply 05 brale 2e e ¥ 51 i Ol5 oo |y b bt
Sged S5 g facke ¥ L s 5L 3 pes sleml BT 5 ey SLaaSSL o Ol
N R R P S P RT PR Ve N T ROy P S P TR
- & aney Sl 1 (glabimS J Curarr S ol Camd (g 4 OT Sl 57 3518
S Gayet s 3 5SS (o a5 gad S0 1S oud i (e 1 L) S

g molin p 3L )BT @ & g03 1 5508 31 g0kl S jate AiL azils olab 5 san 0T L




3 55 e ¢ St Lol 432 ¢ 3l 0 53 43 5208 55 Sl ) ealinel b 0 05k T 6,8 e il VY

Kook g0 b 035 sasnta ol S-3801 SOLAR TIL, 5les 8 550 Joli 5LoylSaT
5 ms s oas S el )y R1527P HAMAMATSU % Jsess 5 2ol
D3 5 b 1S Al ose S dged SIS Sl DI )y Sl AL r e
Lo S o o i ods plail (sl e 5 s SNl e 4L gl
L1y 4l SSTL s 3 (s b o el a5 (i Soke 5 WnplS sl 5 b
S35 2 35 43S Sl o gldb 5 pen L 335 (6, 51 (615 55 0 Lyl
ol ol plas (6 BloY glralr & bsse & LS I Gl ok 53 ke
(380 (b o3l plad Loy 8 ol glbole d 5 555 s s € 0T 45 8 Dt=2d/0)
P 5 s Sl (63555 1 (Ser w4 s S o Gl s 3L 1
s Jsho iz 5 Canlinss alax 1 6,505 olse 3d o5 Ol e 0303505 (Ko
5 ohed a5k 53 3,55 4l mad 5 4SLL e 53 e3lital 3550 (Sl SolaliS (4 e

ub)‘aj_;u ng_:fa)b\.v‘ Cy}x&)t{

Delay Line
! > * BS SH
/ Vi 800 nm - ;
/ Probe /I < Ti:Sapphire
A2 "
N
Detector
= ump
|

/

Fig. 1 Transient absorption spectrum measurement setup. o is the fundamental
frequency with red color as the probe beam and 2w is the second harmonic
frequency with blue color as the pump beam from a Ti:sapphire laser. SH is the
second harmonic generator set, BS is the wavelength splitter and A/2 is the half-
wave plate.

Aol YW 5 3518 4S5 5L Ol ot 503 6555 b ol ol W 1L Gl Sl (6,8 05100 Olotr 1 S0
£33 Kalen oS A5 46 gz SH Lol i ppiled 530 51 2es 4S5k Ol ey T 555 L pss SSales

@‘Cyﬁwjl/Y}f}»J}baMKJBS‘

sl 0l o3zl e Blo V¥ Cales b 5168 Jgl 53 O O ST €503 51 Jing sy ol 5o
s al OT 51 5SS WS sl AL s g me e ¥ agds 53 ges 4SS LL ks




VYNVEF lgrcFr gl coms 3l Il a1 oBlils 0l (63,515 &S0 5 pole dalikad

Glos b Lol b s BB s b ilesTocml Ko ol 3o 505 5 iwes a0

Wl 0 plonl Ao 55 0 Cusby 53,8 sl a3 ¥ Lo

S g b LY
oS 45 shailen .l ol 0313 OLES (Y) S 55 25l 5 ies (sbaaS L zodsb ol
VAR) i 5slis 55 ol mandsb 52 &8 slS &0k it 53 ol gy 25500
P 4 Sl OT Gro s ¥aY) 53 Kialen g0 sk 53 57 s €05l 5 Sl (a4l
Sl el s 4S5l ¥ S A Sk ol gy ol pls sl e LY 5 YY L
Jsb 53 dges ot oo el 0l @151 (1) S 53 eslizal 350 OT 45ed s Ol

&:«aﬂ‘ﬂ@‘.«'w& o/ F bj-b'))j}ﬁ'b’)\:.«ﬁ: uij\f)ui.ab Lg‘.acj.a

12 — Pump-Probe 784 nm
1
08
Eos
£ Tum
Soa [
g
£0.2
0
%0 4 550 650
0.2 Wavelength (num)

Fig. 2 The spectrum of the fundamental wavelength of the Ti: sapphire laser at 784
nm and its second harmonic at 392 nm.
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Fig. 6 Normalized intensity of the probe laser beam in the presence and absence of
the pump laser beam. Intensity of the beam entering the cell (a) without the pump
beam, and (b) with the pump beam. The transmitted Intensity of the cell (c) without

the pump beam, and (d) with the pump beam.
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Fig. 8 Differential absorption coefficient of the sample at 350 femtoseconds after
excitation with a pump pulse.
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Fig. 9 Temporal evolution of the absorption change as a function of the time delay
between two pump and prob pulses. (a) Experimental data and (b) Fitted double
exponential function.
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