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The QDs PL and absorption spectra are imaged in Figure S1. The QDs solution were measured
employing Shimadzu UV-3600 spectrophotometer and self-constructed experimental setup for NIR-
PL measurements described in [1]. The size was calculated from the absorption spectra employing

the relation from [2].
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Figure S1. The absorption (black) and PL (red) spectra of PbS QDs.

The analysis of the 2-layered structures includes the AFM and SEM measurements. The average
roughness obtained from the AFM measurements presented in Table S2 and SEM images of the
structures imaged in Figure S2. The Ra was calculated using program NT-MDT NOV A image analysis
software.
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Table S2. The measured average roughness of the samples with and without rGO interlayer.

Ral Ra2 Ra3 Ra4 Ra5 Ra6 Ra7 Ra8 R.9 Ral0
Sample point point point point point point point point point point
(nm) (m) (mm) (m) (m) (m) (m) (m) (m) (nm)

Average

1QDs 8.2 8.2 6.6 6.6 6.8 8.5 6.3 7.1 8.2 7.9 74+0.8
layer
2QDs 9.2 9.5 8.8 8.7 7.5 10.4 9.6 7.7 8.6 103 9+1
layers
rGO
. 10.2 10.8 124 10.8 12 9.1 10 8.6 10.2 10.4 105+1.2
interlayer
. frGO 6.6 6.9 7.9 8.9 8.2 8.6 10.3 10.1 10.4 8.1 8.6+1.3
interlayer

f-rG.O 13.1 10.7 21.3 11.1 10.6 8.7 18 6.7 9.3 7.4 11.7 +4.6
hybrid

Figure S2. The SEM images of (a) TBAI treated QDs; (b) TBAI treated QDs with rGO interlayer; (c)
TBAI treated QDs with f-rGO interlayer and (d) TBAI treated layers from f-rGO-PbS hybrid inks. The

scale bar of all images is 200 nm.

The dark I-V curve of reference and device with rGO interlayers are imaged in Figure S3. The
ideality factor was obtained by fitting curves in log I scale.
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Figure S3. The dark I-V curves of the devices.

The dark current of the device is described by Equation (1) [3], that is, it exponentially depends

on the voltage and constant (#), in which n is the ideality factor that characterizes the losses in the
1
In—

device. Logarithmizing Expression 1 we will turn into Expression 2 [4], where m = % The ideality

factor can be easily extracted from Expression 2 by approximation of the I-V curve.

I =1 [exp (%) - 1], 1
m=lf @)
n kT

where Io is the saturation current; e is the elementary charge; V is the applied voltage; T is the
1

temperature; n is the ideality factor, m = ln% is the slope of the curve, and k is the Boltzmann constant.

From theory for silicon solar cells, the value of n ranges from 1 to 2. The n =1 corresponds to an
ideal device with no losses and the larger values of n indicate the type of recombination in the device.
However, for the 3rd generation solar cells the values of n can significantly exceed the silicon ones
[5,6]. Factors that lead to the growth of n are the dependence of the barrier height on the applied
voltage, a layer of natural oxide at the interfaces, electron tunneling through the barrier, high serial
resistance of the neutral region, and the carriers recombination in the depletion zone of the device
[7].

The C-F measurements are presented in Figure S4. The frequency of 10* Hz was chosen for
correct C-V measurements.
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Figure S4. Capacitance of the devices at different frequencies.
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