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Abstract

This study investigated the photoelectric properties of ammonia (NHs) solutions at different
concentrations using a USB-2000 spectrometer over the wavelength range of 340-540 nm.
Five ammonia concentrations were prepared and analyzed for absorbance, transmittance,
reflectance, absorption coefficient, extinction coefficient, refractive index, and optical
energy gap. The results showed a pronounced absorption peak at 466 nm, with optical
behavior varying according to concentration. Transmittance decreased and reflectance
increased as concentration increased, while the absorption coefficient and extinction
coefficient showed measurable changes across the visible region. The refractive index
reached a maximum value of 1.0022 at the same wavelength for all samples. In addition, the
optical energy gap slightly decreased from 2.4996 eV to 2.4902 eV as concentration
decreased, indicating that ammonia concentration influences the optical and photoelectric
characteristics of the prepared solutions. These findings confirm the usefulness of
spectroscopic analysis for evaluating the optical properties of ammonia solutions.
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Introduction:

Ammonia is a gas found naturally in the atmosphere; it is colorless, has a strong odor, and is
lighter than air. It is recognized as a toxic substance that can pose health risks when present at
elevated levels (Biorn timmer,2005). It’s generated naturally in the soil by bacteria
decomposing plants, along with animal and human waste. While prevalent in nature and
widely utilized, ammonia is both corrosive and dangerous in its concentrated form (Hibard.H,
et al, 2013). It’s a crucial basic chemical material (M. Philipp et al.2018). Meanwhile,
Ammonia can be used as a raw material for synthetic nitrogen fertilizer (Guo J. et al.2017).
Additionally, it is a potential hydrogen storage material (Makepeace J.W.2019, Satyapal S. et
al, 2007) due to its high hydrogen content density (17.6 wt %) (Kyriakou V. et al.2017) and
ease of liquefaction. Hydrogen produced by ammonia cracking can fuel vehicles directly (Liu
H. 2014). Each ton of ammonia combustion can reduce 1.5 tons of Carbon dioxide emissions
(L. Ye et al.2017). Ammonia exhibits outstanding effectiveness in industrial engineering and
agriculture, including liquefaction, storage (energy carriers), and transportation, while also
being more cost-effective than hydrogen. Therefore, ammonia is anticipated to serve as a fuel
for vehicles and fuel cells (Mao C. et al.2018). Ammonia, generated through the Haber
process, constitutes nearly all the ammonia utilized in industry; it is employed in producing
nitric acid, urea, and nitrogen-based fertilizers (Liptrot, G,F.1983).

In this manuscript, the preparation of five samples of (NH3) involves dissolving in distilled
water at varying concentrations. Subsequently, a solution was analyzed with a
spectrophotometer for absorbance and transmission across the wavelength range of (340-540
nm) utilizing this model (USB-2000 Spectrometer). To measure the photoelectric properties
of the solutions.

Materials and methods:

5 g of ammonia dissolved in 1 liter of water, then take five different concentrations, the USB -
2000 spectrometer connects to a notebook and desktop via USB port, when connected to the
USB of port of a PC, the USB-2000 draws power from the host PC, eliminating the need for
an external power supply.

Results and Discussion:

Preparing five samples of (NH3) by dissolving in distilled water in different concentrations
(200, 150, 100, 50 and 7.5 mg/L). Then measurements the optical properties by
spectrophotometer absorbance and transmition for wavelength between (340 nm -540 nm) by
using this type (USB -2000 Spectrophotometer). Fig.1 shows the relation between absorbance
and wavelength, we found the behavior of curves is the same for each curves. The rapid
increase of the absorption at 466 nm, these is referring to electronic transition, and this
increase is continuous with the increase of photon energy, the effects of concentration on
absorbance value increased with concentration decrease of absorbance value. Fig.2 shows the
relation between transparent and wavelength, we had been found rapid decrease in low
energies and sudden decrease in special energies and it continuous with decrease at 466 nm,
concentration increase refers to the decrease in transparent value. The reflection was
calculated depended wavelength safe law using the relation:

R+T+A=1
When:
R- Reflection

T- Transmition
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Fig .3 shows the relation between reflection and wavelength. we had been found rapid
increase in reflection value until to arrive to peak, then it reduces from high wavelength
because of less absorption in high wavelength transmition decreasing due to reflection
increasing using the relation (1). At high energies from wavelength, the absorbance is
increasing, this cause the reduce in reflection, and the upper corresponding wavelength value
(466 nm). Increasing of concentration due to minor change in to peak curves, it is shifted low
energies. The absorption coefficient (o) of (NH3) by dissolving in distilled-water in different
concentrations (200mg/L, 150 mg/L, 100 mg/L, 50 mg/L and 7.5 mg/L) were found from the
following relation.

a=2.303 A/t
where (A) is the absorbance and (t) is the optical length on the sample.

Fig.4 shows the plot of (o) with wavelength (A), which obtained that the value of «
>2.88x10-1 cm™ for all samples in the visible region, this means that the transition must
corresponding to a direct electronic transition, and the properties of this state are important,
since they are responsible for electrical conduction. Also, fig.4 shows that the value of (a) for
the sample 7.5 mg/L are greater than that 200 mg/L samples. Extinction coefficient (K) was
calculated using the related.

K=Aa/d4n

The variation at the (K) values as a function of (A) are shown in fig.5 It is observed that the
spectrum shape of (K) as the same shape of (a)). Fig.5 obtained the value of (K) at the visible
region was depend on the samples treatment method, where the value of (K) at (466) nm for
sample 7.5 mg/L is (10-7) while for 150 mg/L at the same wavelength equal (9.3x10-8) and
200 mg/L equal to (7.3x10-8) at the same wavelength, this difference in (K) value become
smaller at (400 and 520 nm). The refractive index (n) is the relative between speed of light in
vacuum to its speed in material which does not absorb this light. The value of n was
calculated from the equation:

1+R, 1 1+R

TR k) Faip

n=[ 1—R

Where (R) is the reflectivity. The variation of (n) vs (A) is shown in Fig.6 which shows
that the maximum value of (n) is (1.0022) for all samples at the same wavelength. Also we
can show that the value of (n) begin to increase in the region of spectrum while (K) in its
region became constant (466 nm). Also (n) value decrease with concentration decrease, this
means that the samples become more transparent in the (466 nm) (VIS) region. The optical
energy gap (Eg) has been calculated by the relation.

(ahv) 2 =C (hv — Eg)

where (C) is constant. By plotting (athv)2 vs photon energy (hv) as shown in Fig.7 And by
extrapolating the straight thin portion of the curve to intercept the energy axis, the value of the
energy gap has been calculated. the value of (Eg) obtained was 200 mg/L = 2.4996 eV, 150
mg/L = 2.4956 eV, 100 mg/L = 2.4929 eV, 50 mg/L = 2.4916 eV and 7.5 mg/L= 2.4902 eV.
The value of (Eg) was decreased from (2.4996) eV to (2.4902) eV. The decreasing of (Eg)
related to decrease in concentration.
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Fig.1 the relation between absorbance and wavelength for ammonia concentrations.
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Fig.2 the relation between transparent and wavelength for ammonia concentrations.
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Fig .3 the relation between reflection and wavelength for ammonia concentrations.
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Fig.4 the plot of (o) with wavelength (A) for ammonia concentrations.
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Fig.5 The variation of extinction coefficient (K) with wavelength (1) for(NH3) concentrations.
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Fig.6 The variation of refractive index (n) with wavelength (1) for (NH3) concentrations
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Fig.7. The optical energy gap (Eg) of ammonia concentrations.
Conclusion:

In conclusion, this study reports that rapid increase of the absorption at 466 nm, compatible
with the increase of photon energy, the effect of concentrations on absorbance value increased
with concentration decrease of absorbance values. rapid decrease in low energies and sudden
decrease in special energies and it continuous with decrease at 466 nm, concentration increase
refers to the decrease in transparent value. rapid increase in reflection values. The absorption
coefficient (a) for all samples were found in the visible region, variation at the (K) values
obtained in the visible region, meanwhile, the variation of (n) vs (A) is revealed maximum
value of (n) is (1.0022) for all samples at the same wavelength. the values of (Eg) obtained
were decrease with increase of concentrations.
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