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ABSTRACT 
 

Fatty acids are found in the structure of triglycerides and phospholipids which have vital importance for the life. Stearic acid 

is an important member of the fatty acids. It is used in the manufacturing of various products such as soaps, detergents, and 

rubbers. It is valuable to provide a thermal and optical characterization database of stearic acid. In this study, a comprehensive 

database has been prepared by studying thermogravimetric analysis, X-ray powder diffraction, dispersive Raman and Fourier 

transform infrared spectroscopies of stearic acid. Its thermal decomposition temperature, X-ray diffraction angles and infrared 

vibrational modes have been determined. Stearic acid has been used at the synthesis of cadmium selenide quantum dots, 

bismuth nanoparticles and mixed copper/zinc nanocrystals. Hot-injection and one-pot synthesis methods have been utilized to 

synthesize these nanostructures. Their sizes, distributions, shapes, elemental compositions, and crystalline structures have been 

investigated by transmission electron microscopy and energy dispersive X-ray analysis. Mixed copper/zinc nanocrystals have 

also been examined by X-ray diffraction spectroscopy.    
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1. INTRODUCTION 
 

Stearic acid is an important long chain fatty acid. It is also called as octadecanoic acid. It is found 

naturally in various animal and vegetable fats and oils [1]. The structure of a stearic acid molecule is 

illustrated in Figure 1. As seen from Figure 1, it consists of 18 carbon, 36 hydrogen and 2 oxygen atoms 

and its molecular formula is C18H36O2. It has no carbon-carbon double bond, and therefore it is a 

saturated fatty acid. Hydrocarbon part of a stearic acid, that is its tail (C17H35), is linear and gives 

hydrophobic property to this molecule. The remaining COOH is the hydrophilic head. Hence, stearic 

acid molecules can attach to a variety of surfaces with their heads and imparts hydrophobicity or even 

superhydrophobicity to these surfaces [2-4].  

 

 

 
 

 

Figure 1. Stearic acid molecule. Structural formula of stearic acid molecule (a), its ball-and-stick model (b) and 

stearic acid powder in a vial (c). 
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Self-assembly of these molecules has been studied by some groups [5-7]. Stearic acid is used as 

dispersant, filler, softener, activator, and lubricant in the industry [8-12]. It is known that stearic acid 

and zinc oxide cause sulfur vulcanization of rubber [13]. Smooth appearance of pharmaceutical tablets 

such as paracetamol is obtained by using stearic acid in the formulation [14]. Stearic acid molecules 

used as ligands of micron sized particles and nanoparticles have attracted attention [15-17]. The attached 

molecules to the surface of these particles give not only different mechanical properties but also thermal 

and optical properties to the particles. For example, high quantum efficiencies have been obtained for 

stearic acid coated semiconductor quantum dots due to its long carbon chain [18]. Better dispersibility 

has also been obtained when mixing them into some polymers [19]. Some general physical properties 

of stearic acid are listed at Table 1 [20]. Since stearic acid has a higher melting point and viscosity than 

many other fatty acids such as oleic, myristic and palmitic acids, the temperature and mixing speed 

required for nanoparticle synthesis are slightly increased when it is preferred.   

 
Table 1. Physical properties of stearic acid. 

 

Stearic Acid 

Physical Property Value 

Appearance White solid 

Molar Mass 284.48 g/mol 

Density 0.837 g/cm3 

Viscosity 12 cSt at 70oC 

Melting Point 69.6oC 

Refractive Index 1.4337 

 

In this study, thermal and optical properties of stearic acid molecules are investigated via their 

thermogravimetric analysis (TGA), X-ray powder diffraction (XRD), dispersive Raman and Fourier 

transformed infrared (FTIR) spectroscopies. The usage and role of stearic acid in the chemical synthesis 

of stearic acid coated nanoparticles are shown and discussed. Cadmium selenide quantum dots, bismuth 

nanoparticles, mixed copper/zinc nanocrystals are synthesized owing to the fact that cadmium selenide 

quantum dots, bismuth nanoparticles and copper/zinc nanocrystals have a superior photoluminescence 

in the visible spectrum range, X-ray and gamma-ray shielding capability, and catalytic properties, 

respectively [21-23]. Non-aggregated forms of these synthesized nanoparticles are observed in their 

transmission electron microscopy (TEM) photographs. Thus, stearic acid molecules are used as a 

successful dispersant agent at the synthesis of these nanoparticles. This finding is valuable because 

aggregations diminish or extinguish novel properties of nanoparticles as in photoluminescence quantum 

yield of cadmium selenide quantum dots.                     

 

2. EXPERIMENTAL MATERIALS, METHOD and CHARACTERIZATION 

 

2.1. Experimental Materials 

 

Cadmium oxide (≥99.99%), selenium (99.99%), bismuth(III) acetate (≥99.99%), copper(II) acetate 

monohydrate (99.99%), zinc stearate (10-12% zinc basis), stearic acid (reagent grade, 95%), 1-

octadecanol (99%), trioctylphosphine (90%), 1-octadecene (90%), ethyl acetate (99.9%), anhydrous 

chloroform (≥99%), methanol (99.9%) and toluene (99.9%) were purchased from Merck (Sigma-

Aldrich). The chemicals were used in the experiments without any purification.  

 

2.2. Method 

 

Cadmium selenide (CdSe) quantum dots and bismuth (Bi) nanoparticles were synthesized using hot-

injection method [24-26]. Mixed copper/zinc (Cu/Zn) nanocrystals were synthesized using one-pot 
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method [27]. All chemical reactions were done under a controlled pure argon gas (>99.999%) 

atmosphere without oxygen. 

 

2.2.1. Preparation of Stearic acid powder 

 

Stearic acid flakes were ground by using porcelain mortar and pestle for further characterizations.            

 

2.2.2. Preparation of CdSe quantum dots 

 

Cadmium oxide was mixed with stearic acid and 1-octadecene in a flask. Mole ratio of stearic acid to 

cadmium oxide was ~2.98. This mixture was heated to 302oC under a vigorous stirring. Selenium was 

mixed and stirred with trioctylphosphine in another flask, heated to 154oC and then cooled to room 

temperature. Mole ratio of trioctylphosphine to selenium was ~2.0. Obtained trioctylphosphine-

selenium complex was injected rapidly to cadmium oxide-stearic acid-octadecene mixture at 302oC. 

Afterwards, the temperature was lowered to 272oC and CdSe quantum dots were growth at this 

temperature for a while. CdSe quantum dots were taken from the solution, washed with methanol. CdSe 

quantum dots were precipitated with centrifugation and then dispersed in toluene for further 

characterizations.     

 

2.2.3. Preparation of Bi nanoparticles 

 

Bismuth(III) acetate was mixed with stearic acid and 1-octadecene in a flask. Mole ratio of stearic acid 

to bismuth(III) acetate was ~4.5. This mixture was heated to 151oC under a vigorous stirring. Selenium 

was mixed and stirred with trioctylphosphine in another flask, heated to 132oC and then cooled to 76oC.  

Mole ratio of trioctylphosphine to selenium was ~2.0. Obtained trioctylphosphine-selenium complex 

was injected rapidly to bismuth acetate-stearic acid-octadecene mixture at 151oC. Afterwards, the 

temperature was raised to 160oC and Bi nanoparticles were growth at this temperature for a while. Bi 

nanoparticles were taken from the solution, washed with methanol and anhydrous chloroform. Bi 

nanoparticles were precipitated with centrifugation and then dispersed in toluene for further 

characterizations.   

 

2.2.4. Preparation of mixed Cu/Zn nanocrystals 

 

Copper(II) acetate monohydrate and zinc stearate were mixed with 1-octadecanol and 1-octadecene in 

a flask. The mole ratio of copper(II) acetate monohydrate to zinc stearate and 1-octadecanol were ~1.00 

and ~0.10, respectively. This mixture was stirred and heated up to 308oC and then cooled to room 

temperature. Mixed Cu/Zn nanocrystals were precipitated from the solution via centrifugation by using 

ethyl acetate and methanol and then dispersed in toluene for further characterizations.   

 

2.3. Characterization 

 

TGA was performed with Mettler Toledo TGA/DSC 3+ under nitrogen atmosphere. XRD spectra were 

recorded using Rigaku SmartLab X-ray diffractometer. X-ray tube voltage and current were set to 40 

kV and 30 mA, respectively. Cu K- radiation (1.541862 Å) was used to scan the samples. FTIR 

measurement was performed via PerkinElmer Spectrum 400 FT-IR spectrometer with attenuated total 

reflection (ATR) accessory. Dispersive Raman spectrum was collected with Renishaw inVia Raman 

microscope at excitation wavelength of 633 nm. TEM photos of nanoparticles were taken with JEOL 

JEM-2100F at acceleration voltage of 200 kV. JEOL JSM-7600F scanning electron microscope (SEM) 

with Oxford Inca energy-dispersive X-ray (EDX) system was used for SEM-EDX measurements. 

Experimental parameters of the measurements are written in the figure captions.   
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3. RESULTS and DISCUSSION  

 

TGA curve of stearic acid is given at Figure 2. TGA was conducted between 25-650oC. A slight increase 

in mass occurs until 199oC, afterwards mass loss begins and continues up to 585oC. Here, the onset 

temperature is found to be 286oC which shows the initial temperature of thermal decomposition of 

stearic acid. The highest mass loss rate is observed at ~324oC which corresponds to the minimum of 

first derivative of mass loss curve (d(Mass loss)/dT). The offset temperature indicating completion of 

thermal decomposition is found to be 340oC. XRD spectrum of stearic acid is shown in Figure 3. This 

spectrum was measured between 10o-80o. Two strong XRD peaks are determined in this range. These 

peaks having row numbers 6 and 8 in the spectrum are located at 21.48o and 24.06o, respectively. The 

local maxima of appearing all XRD peaks are listed at Table 2. Raman spectrum of stearic acid is seen 

at Figure 4. The wavenumbers of all Raman peaks are determined and listed in Table 2. The highest 

seven intensities occur at 2881.91 cm-1, 2846.41 cm-1, 2925.31 cm-1, 1296.35 cm-1, 1063.39 cm-1, 

1438.61 cm-1 and 1130.37 cm-1. These Raman peaks are designated with numbers of 31, 30, 32, 17, 13, 

20 and 15 in Figure 4, respectively. According to the literature, these intensive peaks can be ascribed to 

asymmetric stretching vibration of CH2 (methylene group), symmetric stretching vibration of CH2, 

asymmetric stretching vibration of CH2, torsional vibration of CH2, stretching vibration of C-C, bending 

vibrations of CH2 and CH3, and stretching vibration of C-C, respectively [28, 29]. FTIR spectrum of 

stearic acid is seen at Figure 5. The wavenumbers of observed transmittance valleys are given at Table 

2. The seven valleys having lowest transmittance appear at 2915 cm-1, 2848 cm-1, 1699 cm-1, 1298 cm-

1, 942 cm-1, 719 cm-1 and 729 cm-1. These FTIR bands correspond to the valleys marked with numbers 

42, 40, 36, 28, 16, 9 and 10 in Figure 5, respectively. The intensive bands located at 2915 cm-1 (42), 

2848 cm-1 (40) and 1699 cm-1 (36) can be referred to asymmetric stretching vibration of CH2, symmetric 

stretching vibration of CH2 and stretching vibration of C=O, respectively [30, 31]. It is evident that 

symmetric and asymmetric vibrations of methylene group of stearic acid can be observed easily at both 

spectra, when FTIR and Raman spectra of stearic acid are compared to each other.                                               

 

 

 
 

 

Figure 2. TGA curve of stearic acid. The mass of the sample was 10.5180 mg. The temperature was increased 

10oC per minute from 25oC to 650oC. The flow rate of N2 gas was 40 mL per minute. Solid curve shows 

mass loss percentage (%) and dashed curve shows first derivative of the mass loss with respect to 

temperature (d(Mass loss)/dT). Extrapolated lines are indicated with dash-dotted (-.-.) lines to determine 

onset and offset temperatures.   
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Figure 3. XRD pattern of stearic acid. XRD peaks are numbered with consecutive numbers from 1 to 28. XRD 

spectrum was recorded with step size of 0.02 degree.   

 

 

 
 

 

Figure 4. Raman spectrum of stearic acid. Stearic acid was excited with the wavelength of 633 nm. Raman peaks 

are numbered with consecutive numbers from 1 to 33.   
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Figure 5. FTIR spectrum of stearic acid. FTIR bands are numbered with consecutive numbers from 1 to 44.    

 

Table 2. Local maxima and minima derived from the Figure 2 to Figure 5. Bold written values indicate the 

strongest peaks and valleys in the spectrum.  
 

Peaks and Valleys at The Spectra of Stearic Acid 

1st Derivative of 

TGA 
XRD Raman FTIR Peak/Valley 

Temperature  

(oC) 

2  

(o) 

Wavenumber  

(cm-1) 

Wavenumber 

(cm-1) 

Row 

Number 

324.4 10.98 124.81 414 1 

⎯ 15.46 147.18 450 2 

 19.22 161.616 475 3 

 19.68 341.434 505 4 

 20.38 377.081 515  5 

 21.48  501.611 549  6 

 23.14 572.258 668  7 

 24.06 671.355 689  8 

 25.54 893.311 719  9 

 27.16 909.709 729  10 

 28.02 1006.06 760  11 

 29.18 1040.52 783  12 

 30.04 1063.39 810  13 

 31.32 1104.35 889  14 

 32.62 1130.37 912  15 

 34.94 1174.25 942  16 

 36.08 1296.35 1018  17 

 37.38 1369.53 1034  18 

 38.68 1420.34 1058  19 

 39.84 1438.61 1104  20 
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 40.8 1460.04 1123  21 

 42.96 1489.91 1187  22 

 43.94 1521.74 1203  23 

 45.36 1631.82 1222  24 

 46.56 2182.78 1241  25 

 49.06 2590.58 1260  26 

 52.26 2615.79 1279  27 

 53.26 2658.13 1298 28 

 ⎯ 2723.09 1313 29 

  2846.41 1331 30 

  2881.91 1356 31 

  2925.31 1411 32 

  2965.91 1430 33 

  ⎯ 1463 34 

   1472 35 

   1699 36 

   1783 37 

   2284 38 

   2659 39 

   2848 40 

   2872 41 

   2915 42 

   2954 43 

   3021 44 

 

Stearic acid was used at the synthesis of different kinds of nanoparticles shown in Figure 6. These 

nanoparticles are composed of CdSe, Bi and Cu/Zn nanocrystals. TEM photos of CdSe nanoparticles 

are given at Figure 6a and 6b. In Figure 6b, white arrow shows one of these CdSe nanoparticles. Its size 

is approximately 4.4 nm and comparable to the exciton Bohr radius of CdSe (5.6 nm) [32]. For this 

reason, this semiconductor nanoparticle can be called as CdSe quantum dot. This condition is satisfied 

for all CdSe nanoparticles seen in Figure 6a and 6b. Average size of CdSe nanoparticles along with its 

standard deviation is found to be ~4.2±0.6 nm from Figure 6a. Therefore, these are CdSe quantum dots. 

Energy-dispersive X-ray (EDX) result of CdSe quantum dots is given at Figure 7a. Cd and Se elements 

were detected in these quantum dots. Core-shell quantum dots including CdSe have been used 

developing light emission diodes and fluorescent labels [33, 34]. Therefore, to synthesize these 

nanoparticles and investigate synthesis methods with different capping molecules have a technological 

importance. CdSe quantum dots are nearly spherical shape. TEM photo of a spherical Bi nanoparticle is 

seen at Figure 6c. It is indicated with dark blue arrow. Such a Bi nanoparticle is magnified at Figure 6d. 

It is almost spherical, and its size is ~123 nm. Mixed Cu/Zn nanoparticles are shown at Figure 6e. The 

size of the nanoparticle indicated by white arrow is ~12.2 nm. It is also a nanocrystal due to observation 

of its crystalline fringes. As seen from Figure 6, synthesis of CdSe quantum dots, Bi nanoparticles and 

mixed Cu/Zn nanocrystals have been achieved successfully by using stearic acid. Elemental composition 

of nanoparticles was confirmed with EDX (see Figure 7, Figure 8 and Figure 9). Elemental copper seen 

in Figure 7a and Figure 7b is caused by used TEM grid which is made of carbon film coated copper. 

Atomic percentages derived from EDX analysis of these nanoparticles are listed in Table 3. Figure 10 

shows XRD spectrum of Cu/Zn nanocrystals. XRD peaks of this sample match well with those of stearic 

acid, pure copper, and pure zinc [35, 36]. There are no peaks related to oxide or alloy phases of copper 

and zinc in the spectrum [37, 38]. Therefore, it can be stated that these nanocrystals are a mixture of 

copper and zinc nanocrystals and capped with stearic acid.  

 

Here, the role of stearic acid is explained as follows. Thermal decomposition of metal salt allows stearic 

acid molecules to attach metallic precursors during the synthesis. Then, metal stearate as an intermediate 

species comes out in the solution. Metal stearate can be decomposed alone and appearing metal ions in 

solution can be reduced, oxidized, or combined with other ions if it is desired. Zero-valent metals and 
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semiconductors at the nanometer scale can be synthesized by this way. Synthesis of metal nanoparticles 

or II-VI group semiconductor quantum dots (QDs) can be explained simply as follows [39-41].             

 

𝑀𝑒𝑡𝑎𝑙 𝑜𝑟 𝑀𝑒𝑡𝑎𝑙 𝑆𝑎𝑙𝑡 + 𝑆𝑡𝑒𝑎𝑟𝑖𝑐 𝑎𝑐𝑖𝑑 → 𝑀𝑒𝑡𝑎𝑙 − 𝑆𝑡𝑒𝑎𝑟𝑎𝑡𝑒 𝐶𝑜𝑚𝑝𝑙𝑒𝑥 (1) 

𝑀𝑒𝑡𝑎𝑙 − 𝑆𝑡𝑒𝑎𝑟𝑎𝑡𝑒 𝐶𝑜𝑚𝑝𝑙𝑒𝑥
𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑑𝑒𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛
→                   𝑀𝑒𝑡𝑎𝑙 𝑁𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 (2) 

𝑀𝑒𝑡𝑎𝑙 − 𝑆𝑡𝑒𝑎𝑟𝑎𝑡𝑒 𝐶𝑜𝑚𝑝𝑙𝑒𝑥
𝐼𝑛𝑗𝑒𝑐𝑡𝑒𝑑 𝑇𝑂𝑃𝑋 (𝑋=𝑆,𝑆𝑒 𝑜𝑟 𝑇𝑒) 𝑐𝑜𝑚𝑝𝑙𝑒𝑥 
→                             𝐼𝐼 − 𝑉𝐼 𝑆𝑒𝑚𝑖𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑜𝑟 𝑄𝐷𝑠 (3) 

 

 

 
 

 

Figure 6. TEM photos of synthesized nanoparticles. (a): CdSe quantum dots, (b): CdSe quantum dots, white arrow 

shows a CdSe quantum dot, (c): Bi nanoparticle pointed out by dark blue arrow, (d): magnified image of 

a Bi nanoparticle similar to indicated at (c), and (e): mixed Cu/Zn nanocrystals, white arrow shows a 

Cu/Zn nanocrystal. Scale bar of these images is 20 nm (a), 5 nm (b), 500 nm (c), 50 nm (d), and 20 nm 

(e), respectively. 
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Figure 7. EDX weight percentage of elements. (a): CdSe quantum dots, (b): Bi nanoparticles and (c): Cu/Zn 

nanocrystals. 
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Figure 8. EDX spectra of CdSe quantum dots (a), and Bi nanoparticles (b). 
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Figure 9. EDX spectra of Cu/Zn nanocrystals. (a): EDX analysis was performed without sample coating, and (b): 

EDX analysis was performed by coating the sample with a thin gold layer. 

 
Table 3. EDX atomic percentages of CdSe quantum dots (QDs), Bi nanoparticles (NPs) and Cu/Zn nanocrystals 

(NCs). 
 

Atomic Percentage (%) 

Element CdSe QDs Bi NPs Cu/Zn NCs 

C - - 94.28 

O - 69.59 3.78 

Al - 0.37 - 

Si 47.28 15.95 - 

P 22.12 - - 

Ca 2.42 - - 

Cr - 0.23 - 

Fe - 0.04 - 

Co - 0.03 - 
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Cu 21.42 9.70 0.97 

Zn - - 0.97 

Se 1.47 - - 

Zr - 0.02 - 

Cd 5.29 - - 

Ta - 0.19 - 

Os - 0.08 - 

Pt - 0.06 - 

Bi - 3.47 - 

Ac - 0.05 - 

Th - 0.22 - 

 
 

 

 
 

 

Figure 10. XRD spectrum of mixed Cu/Zn nanocrystals. XRD spectrum was recorded with step size of 0.02 

degree. Inset figure shows its zoomed XRD spectrum between 28o and 62o.    

 

4. CONCLUSION 
 

Thermal decomposition of stearic acid was begun at ~286oC. Its two strongest XRD peaks were 

appeared at 21.48o and 24.06o. Symmetric and asymmetric vibrations of methylene groups of stearic 

acid were observed at 2846.41 cm-1 and 2881.91 cm-1 in its Raman spectrum, respectively, and 2848 

cm-1 and 2915 cm-1 at its FTIR spectrum, respectively. Semiconductor CdSe quantum dots, semimetal 

Bi nanoparticles and mixed metal Cu/Zn nanocrystals were synthesized by using stearic acid. This study 

shows that many nanoparticles synthesized are nearly spherical and have a good crystallinity. Stearic 

acid was used as a good dispersant and capping agent to produce these nanoparticles.                    
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