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Titanium nitride (TiN) nanoparticles (NPs) present an alternative plasmonic material to noble metal counterparts, with a red-shifted plasmonic extinction band (600-800 nm) compared to Au and Ag NPs (520-550 nm and 400-420 nm, respectively) [1][2][3]. This feature makes them an attractive candidate for a variety of applications such as solar heat transducers [START_REF] Ishii | Titanium Nitride Nanoparticles as Plasmonic Solar Heat Transducers[END_REF], waveguides in the telecommunication range [5], functional arrays [6], electrochemical supercapacitors [7], etc. Biomedicine looks as one of main beneficiaries of such remarkable plasmonic absorption, falling in the first biological transparency window (630-900 nm) even for relatively small NP sizes. As an example, TiN NPs have been successfully used as photothermal agents for cancer therapy and in vivo imaging [8][9][10]. The mechanism enabling such biomedical applications arises from linear optical absorption near the plasmonic resonance, which provides contrast in bioimaging [11] and initiate a photothermal effect [12]. On the other hand, nonlinear optical (NLO) responses measured by optical Z-scan or other techniques can acquire important information on nonlinear absorption (NLA) and other characteristics, which can also help to unravel novel prospects for the development of imaging and therapy modalities. Such an expectation is confirmed by results of recent optical Z-scan studies reporting a strong NLO response using TiN NPs [13,14].

Photoacoustic (PA) response of absorptive materials provides another attractive opportunity for NPs characterization, which arises from the transformation of absorbed photons into heat. Such a phenomenon forces microscopic expansions and subsequent contractions (after cooling), which in turn generate acoustic waves in the surrounding medium. There is a myriad of applications of photoacoustic techniques, from spectroscopy [15] to multiscale imaging and tomography [16]. When the photoacoustic process takes place in a liquid ambience, nanobubbles and microbubbles can also be generated [17,18]. Photoacoustic Z-scan (PAZ-scan) presents a modification of optical Z-scan, which detects the generation of photoacoustic waves in the NLO regime, while an optical pulse is nonlinearly absorbed by the sample and converted into sound waves [19]. The method has advantages over the optical Z-scan, since it relies solely on the material's absorption, can work with opaque samples and be used with a wide range of excitation wavelength, while scattering does not contribute to the recorded signals. An advanced implementation of this technique, termed OPAZ, combines optical Zscan and PAZ-scan to obtain a better understanding of the NLA in optical materials [20].
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effects can be 34], or due to the effect of nts. Since the r of those two scattering, we bbles from the NLA coefficient n in table I. We nfluence of the s detected by Z-scan, which although one re in different oral excitation om table I, the r the TiN NPs se obtained in on wavelength gime [14], the an our values he absence of s not a colloid. om the optical ed from the Z-scan is not conclude that is wavelength grows to βPA, eff he increase of ates significant on, or, in other to increase of s beneficial for her nonlinear nfirms the role of plasmonic enhancement. On the other hand, one important issue is related to the fact that in the photoacoustic measurements, the photons absorbed by TiN NPs are transformed into heat, which is very likely to create microbubbles. In order to clarify the role of such microbubbles, time resolved studies should be performed, as in [16,17], where microbubbles in gold colloids were studied. Therefore, the NLA values obtained in our work could be affected by this phenomenon, and further experiments are required to verify this possibility.

Table I Calculated values of the NLA coefficient for TiN NPs in this work and comparison with literature values

A Excitation intensity one order of magnitude higher than in the present work. B 52nm thick thin film.

In conclusion, effective values of optically induced nonlinear photoacoustics response of suspensions of 40nm TiN NPs were reported for the first time using a combined technique for simultaneous optical and photoacoustic detection. Using the OPAZscan method, it was shown that nonlinear scattering can affect the results, as a loss mechanism influencing the nonlinear absorption. Furthermore, bubble formation due to heating cannot be ruled out and further experiments are required to clarify this issue. Such bubbling effects are important for NPs mediated laser ablation of biological tissues and can be used for potential theranostics applications [16]. The plasmonic enhancement in the TiN NPs can also be exploited for biomedical applications such as photothermal therapy [9,10,21], which can be extended by serial PA tomography [35] 
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  , as demonstrated with gold NP.

	Sam ple	Preparatio n method/ solvent	λ , nm	NP size, nm	βPA, eff ×10 -8 , cm/W	βOZ-SCAN ×10 -8 , cm/W	Ref (τexc)
					3.27		
	TiN	Laser ablation/ acetone	600 700 800	40 40 40	±0.17 6.41 ±0.32 3.22	2.40 1.04 1.23	This work (5 ns)
					±0.16		
	TiN	Commerci al powder	532	55	---	8.31	[13] A (7 ns)
							[14] B
	TiN	Thin film	780	---	---	-68	(150 fs,
							1 kHz)
							[14]
	TiN	Thin film	155 0	---	---	-66	(150 fs,
							1 kHz)
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