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Fig. 2. Non-degenerate two-photon fluorescence excitation spectroscopy of fluorescein. a) A

typical plot of fluorescence intensity as a function of the delay time between NIR and IR

pulses. The increase in the signal at delays approaching zero is due to ND-TPE. The red

line shows the fitted model (Eq. (17)). b) Color-coded ND-TPACS spectrum normalized

by the D-TPACS peak at 920 nm, extracted from independent measurements of fluorescein

D-TPACS, for fluorescein showing dependence of the ND-TPACS on NIR and IR wavelengths.

The 2.7 eV isocline is overlaid as black dashed line. c) Normalized ND-TPACS of fluorescein,

as a function of the equivalent degenerate wavelength λEq where 2/λEq = 1/λNIR + 1/λIR
is shown in red circles. Since all NIR and IR wavelength combinations along one specific

isocline in panel b correspond to the same equivalent wavelength, we report several ND-TPAC

values for each equivalent wavelength. Independently measured D-TPACS normalized by

its peak value at 920 nm is shown as blue line. Dependent D-TPACS extracted from the

fluorescence intensity curve background (see panel a) and normalized by the peak value of

independently measured D-TPACS at 920 nm is shown in black circles. The dashed line

shows the position of the peak at 920 nm.

We normalized both dependent and independent D-TPACS by the independent D-TPACS at

λNIR = 920 nm. We also overlay the ND-TPACS spectra with both dependent and independently

measured D-TPACS of the dye. We observe that the dependent and independent D-TPACS

measurements agree (Fig. 2(c)), which verifies the integrity of the ND-TPACS spectrum. We also

see that the shape of the linearized ND-TPACS spectra is highly correlated with the D-TPACS

spectra. We observe that for almost all wavelength combinations, the ND-TPACS are larger than

the equivalent D-TPACS. This observation is explained by the phenomenon known as “resonance

enhancement” [17]: the increased probability of ND-TPE caused by a longer virtual state lifetime

as compared to degenerate two-photon excitation.
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Fig. 3. Non-degenerate two-photon fluorescence excitation dependence on a) IR excitation

power (PNIR = 5 mW), and b) NIR excitation power (PIR = 15 mW). The power dependence

was tested for two different wavelength combinations: λNIR = 740 nm, λIR = 1230 nm and

λNIR = 850 nm, λIR = 1150 nm.












