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S1. TEM images and size frequency histograms

Figure S1. TEM images of Zn3N2 samples with average diameters, D, of a) 2.7 nm b) 3.8 nm, 
c) 5.8 nm and d) 8.9 nm. e) Size frequency histograms of the Zn3N2 samples. The standard 
deviations of the size distribution for each sample are 23%, 20%, 17% and 18%, respectively.
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S2. Second derivative of the absorption spectra.

Figure S2. Second derivative  of the steady-state absorption spectra for samples with average 𝛼"

diameters of a) 2.7 nm, b) 3.8 nm, c) 5.8 nm and d) 8.9 nm.

Table S1. Dielectric constant and effective masses found in literature

Dielectric constant 
∈ 𝑟

Electron effective mass
𝑚𝑒

Hole effective mass
 𝑚ℎ

5.29  1
2.89 – 5.76  2
5.29 – 7.29  3

 0.29   1,4𝑚𝑜
0.27   5𝑚𝑜

 0.08   6,7𝑚𝑜

0.99  6𝑚𝑜

Where  = 9.109 x 10-31 kg is the electron rest mass𝑚𝑜
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S3. Transient absorption spectra.

The contour plots of the pump-induced absorption change, , spectra as a function of delay  ∆A

time, obtained at excitation fluences from ~ 1.1 x 1014 to ~ 3.4 x 1015 photons·cm-2 for samples 

with average QD diameters of  3.8 nm, 5.8 nm and 8.9 nm are shown in figures S3, S4 and S5, 

respectively. As discussed in the main text, the main feature in the plots for sample with 3.8 

nm average diameter (figure S3) is a strong bleach signal (negative ∆A) centered at around 500 

nm. For the case of the samples with QD diameters of 5.8 nm and 8.9 nm, the bleach peaks are 

centered at approximately 560 nm and 840 nm, respectively.  

Figure S3 a-d). Contour plots of the change in absorption, ∆A (in OD), as a function of 
wavelength and delay time recorded at different excitation fluence for sample with 3.8 nm 
average diameter.
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Figure S4 a-c). Contour plots of the change in absorption, ∆A (in OD), as a function of 
wavelength and delay time recorded at different excitation fluence for sample with 5.8 nm 

average diameter.
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Figure S5 a-d).Contour plots of the change in absorption, ∆A (in OD), as a function of 
wavelength and delay time recorded at different excitation fluence for sample with 8.9 nm 

average diameter.
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Figure S6 shows the maximum fractional bleach, , at the wavelengths of the CBM as a  ∆𝐴/𝐴

function of excitation fluence, , for samples with 5.8 nm and 8.9 nm average diameters. A   𝐽𝑝

two-fold degeneracy and an absorption cross-section, , of 1.3 ± 0.3 x 10-15 cm2 and 2.04 ± 0.03  𝜎

x 10-15 cm2 were determined for these samples, respectively as detailed in the main text.

Figure S6. Normalized ∆A/A as a function of excitation fluence for samples with a) 4.5 nm 
and b) 8.9 nm average diameters. Fits are to equation (1) presented in the main text.

Figure S7. Fractional absorption change  transients at different excitation fluences (∆𝑨/𝑨 〈𝑵〉
) for the samples with a) 5.8 nm and b) 8.9 nm average diameters. Tri-exponential fits to the 

decays are shown as black lines. 
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S3. Transient photoluminescence measurements.

The PL decay transients obtained with an excitation pulse of 420 nm and detecting at the PL 

emission peak of the samples with average diameters of 2.7 nm and 3.8 nm are shown in 

figure S8. Both transients are well described by a tri-exponential decay function of the form

, where  is an offset, ( ) are the   𝜏𝑃𝐿 = 𝑦0 + 𝐴1𝑒
―𝑥

𝜏1 + 𝐴2𝑒
―𝑥

𝜏2 + 𝐴3𝑒
―𝑥

𝜏3   𝑦0 𝜏𝑃𝐿
𝑖 𝑖 = 1, 2, 3

time constants and  are their corresponding amplitudes. The shortest of these time 𝐴𝑖

constants,  for the sample with average diameter of 3.8 nm corresponds to the longest 𝜏𝑃𝐿
1

extracted from the TA measurements and identified as the lifetime of  single excitons, . 𝜏𝑇𝐴
1

Figure S8. PL decays for samples with average diameters of a) 2.7 nm and b) 3.8 nm. Tri-
exponential fits to the decays are shown as black lines.
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S4 Band gap as a function of size 

The values for band gap estimated from the second derivative of the absorbance are plotted as 
a function of the QD diameter in figure S9. These experimental data were fitted by the equation:

,  𝐸g(𝑁𝐶) =  𝐸g(𝑏𝑢𝑙𝑘) + ( 𝜋2ℏ2

2𝑚𝑟𝑅2) ―
1

Ɛ2
𝑟

𝑚𝑟

𝑚0
𝑅𝑦

where  is the reduced mass, ,  is the QDs radius, is the dielectric 𝑚𝑟 𝑚𝑟 = (𝑚 ―1
𝑒 + 𝑚 ―1

ℎ ) ―1  𝑅 Ɛ𝑟

constant and  is Rydberg's energy. The values of electron effective mass, band gap and 𝑅𝑦

dielectric constant were set as experimentally measured values form the literature 1,3,4 and are 
given in the figure. The value for hole effective mass was left to vary since no experimental 
values for it have yet been reported.

Figure S9. Band gap plotted as a function of diameter for Zn3N2 QD samples. The red line is 
the fit to the effective mass model shown above. 
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S5 Vibrational coupling

A Fast Fourier Transform (FFT) was performed on some representative TA decays to explore 
the possibility of exciton-phonon coupling in Zn3N2. As can be seen in figure S10, in all cases 
there is only one feature close to frequency values of zero, arising from the limited time window 
of the transient absorption experiments. No features indicating exciton coupling with either 
optical or acoustic phonons (such as those observed for CdSe QDs 8), can be seen.

Figure S10. Fourier transform for selected fractional absorption change transients for Zn3N2 
samples a) D = 3.8 nm, b) D = 5.8 nm and c) D = 8.9 nm. No features indicating exciton-

phonon coupling are observed. 
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