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Liquid-phase exfoliation (LPE) is a low-cost and scalable technique for producing a wide range of van der
Waals nanomaterials that can be incorporated into existing laboratory sample and industrial material produc-
tion. Liquid-phase exfoliated nanomaterials have the potential to produce devices quickly and at low-cost,
with colloidal dispersions easily adaptable to existing production methods. Other methods of nanomate-
rial production, such as chemical vapour deposition (CVD) and mechanical exfoliation can be costly, time-
consuming and require complicated equipment to produce comparatively small area devices. Such methods
are excellent for laboratory-scale samples to examine physical properties and produce proof of concept de-
vices. However, LPE can and will bridge the gap towards real-world applications that require faster, easier
and more cost-effective production methods. In this work, we investigate the saturable absorption and Kerr
nonlinearity of graphene fabricated by LPE and CVD.

Thin films of LPE graphene were produced on BK7 glass substrates, and compared to CVD graphene trans-
ferred onto an identical substrate. Through careful consideration of the concentration of graphene disper-
sion and deposition methods, very thin films of graphene can be prepared. Atomic force microscopy (AFM)
measurements showed effective bi-layer graphene thickness for the LPE samples. Z-scan measurements per-
formed with 180 fs pulses at a wavelength of 1030 nm reveal that both LPE and CVD graphene display strong
saturable absorption characteristics, with a nonlinear absorption coefficient (β) approaching -10<sup>4</sup>
cm/GW and a Kerr nonlinearity (n2) of -1 cm<sup>2</sup>/GW. Such strong saturable absorption is ideal for
devices such as mode-lockers for ultrafast pulsed lasers. The magnitude of the nonlinear absorption coeffi-
cient of the LPE graphene increases with pulse duration, τ, up to 10<sup>5</sup> cm/GW at around τ = 10 ps.
These results pave the way for the use of LPE graphene in nonlinear optical applications such as frequency
generation and mode locking.
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