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Abstract

Objective: This study focuses on the synthesis and characterization of Quinacridone Violet (Pigment
Violet 19), a high-performance organic pigment known for excellent lightfastness and durability. The
research aims to optimize the manufacturing process and evaluate the colorimetric properties of the
synthesized pigment. Methods: PV 19 was synthesized via a multi-step process involving condensation,
oxidation/hydrolysis, and ring closure/cyclization reactions. Two experimental batches (MM#973-
A1/Bl and MM#974-A1/B1) were prepared with varying mole ratios of raw materials including Aniline,
Dimethyl succinosuccinate (DMSS), Methanol, and Sulfuric acid. The synthesized pigments were
characterized using colorimetric parameters (DL, Da, Db, Dc, DH, DE) and percentage strength
measurements under D65 10 Deg illuminant. Additional characterization included X-ray diffraction
(XRD) for crystal form identification and Fourier-transform infrared spectroscopy (FTIR) for
functional group analysis. Results: Batch MM#973-B1 demonstrated superior color characteristics
with DE*value of 1.86 and percentage strength of 116.22%, indicating brighter and more intense violet
hue compared to standard. Batch MM#974-B1 showed DE* value of 3.19 with 118.92% strength. XRD
analysis confirmed the beta crystal form in violet-shaded samples and gamma form in reddish-violet
samples. The beta crystal form produced violet-leaning hues while gamma form yielded reddish-violet
shades. Negative Da* values indicated greener tones, while positive values corresponded to redder
characteristics. FTIR spectra confirmed the characteristic quinacridone absorption bands at 1640 cm™
(C=0 stretching) and 3250 cm™ (N-H stretching). Conclusion: The optimized synthesis parameters
significantly influence the crystallographic form and resulting colorimetric properties of PV 19. Batch
MM#973-B1 exhibited optimal color characteristics with minimal deviation from standard, making it
suitable for high-performance coating and plastic applications. The solvent finishing process proved
critical for achieving desired crystal modification and color properties.
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INTRODUCTION
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Quinacridone pigments, first synthesized in the 1950s, have evolved into one of the most important
classes of high-performance pigments [4]. Pigment Violet 19 (PV 19), chemically known as
Quinacridone Violet (C2Hi2N202, molecular weight 312.32 g/mol), exhibits two distinct crystal
modifications: the beta form yielding violet shades and the gamma form producing reddish-violet to
pink hues [5]. This polymorphism, first systematically studied by Lincke in the 1970s, remains a subject
of intense research interest [6].

The crystal structure of quinacridone is characterized by strong intermolecular hydrogen bonding
between N—H and C=0O groups of adjacent molecules, forming a three-dimensional network that
contributes to its exceptional stability [7]. The beta modification crystallizes in a triclinic system with
characteristic violet color, while the gamma modification adopts a monoclinic structure with reddish-
violet hue [8]. The control of crystal modification during synthesis is, therefore, critical for commercial
applications [9].

Heubach Colour Pvt. Ltd., established in 1995 at Ankleshwar, Gujarat, stands among the world’s
leading organic pigment manufacturers with comprehensive production capabilities including
Phthalocyanines, HPP reds and yellows, and DPP/Quinacridone pigments [10]. The company’s Unit 1
specializes in phthalocyanine blue and green pigments along with their derivatives, operating multiple
dedicated plants including crude blue, blue finishing, green processing, and indanthrone facilities [11].
The company’s R&D center, accredited under ISO 17025:2005, focuses on developing organic
pigments for niche applications including automotive paints, digital printing, and color filters [12].

The synthesis of quinacridone pigments typically involves multiple steps including condensation of
dimethyl succinosuccinate (DMSS) with aniline, followed by oxidation, hydrolysis, and ring closure
[13]. The process parameters, including temperature, pH, solvent composition, and reaction time,
critically influence the final crystal form and color properties [14]. Solvent finishing, a post-synthesis
treatment, plays a crucial role in achieving the desired crystal modification and particle size distribution
[15].

Colorimetric evaluation of pigments has become increasingly important for quality control and
application development [16]. The CIE L*a*b* color space, adopted by the Commission Internationale
de I’Eclairage in 1976, provides a standardized method for quantifying color differences [17].
Parameters including DL* (lightness difference), Da* (red—green coordinate), Db* (yellow—blue
coordinate), Dc* (chroma difference), DH* (hue difference), and DE* (total color difference) enable
objective comparison of pigment samples against standards [18].

The significance of PV 19 stems from its molecular structure which enables superior performance
characteristics including lightfastness (rating 7—8 on blue wool scale), weather resistance, and thermal
stability up to 300°C [19]. The pigment finds extensive applications in automotive coatings (OEM and
refinish), industrial paints, printing inks (particularly for banknotes and security printing), plastic
coloration (engineering plastics, polyolefins), and cosmetic formulations [20].

Recent advances in pigment technology have focused on controlling particle size distribution, surface
treatment for improved dispersion, and development of easydispersing grades [21]. Nanopigment
technology has opened new applications in color filters for electronic displays and digital printing [22].
Environmental regulations, particularly REACH and IMDS requirements, have driven the development
of cleaner production processes [23].

The Indian pigment industry, particularly concentrated in Gujarat, has emerged as a global
manufacturing hub [24]. Ankleshwar GIDC, where Heubach’s units are located, hosts numerous
pigment and intermediate manufacturers, creating a complete ecosystem for the industry [25]. This
geographical concentration facilitates raw material availability, technical expertise, and export
infrastructure [26].
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This investigation aims to optimize the synthesis parameters for PV 19 production, evaluate the
colorimetric properties of resulting pigments, and establish correlations between process conditions and
final product characteristics. The study also examines the influence of crystal modification on color
properties and identifies optimal conditions for commercial production.

MATERIALS AND METHODS
Raw Materials
The following raw materials were employed for PV 19 synthesis.

Aniline (Molecular Weight: 93 g/mol, Purity: 299%, Source: Gujarat Narmada Valley Fertilizers
& Chemicals)

Dimethyl Succinosuccinate (DMSS) (Molecular Weight: 228 g/mol, Purity: >98%, Source:
Laxmi Organic Industries)

Methanol (Molecular Weight: 32 g/mol, Analytical Grade, Source: Deepak Fertilisers)

Sulfuric Acid (Molecular Weight: 98 g/mol, Concentrated, 98% purity, Source: Hindalco
Industries)

Sodium Hydroxide (Molecular Weight: 40 g/mol, for pH adjustment)

Solvent A and Solvent B (Proprietary solvents for crude finishing, Heubach Colour)

Deionized Water (Conductivity < 2 puS/cm, in-house production)

Equipment and Instrumentation
The following equipment was utilized:

S-liter glass reactor with heating/cooling jacket (Borosil).
Overhead stirrer with digital speed controller (Remi Elektrotechnik).
Vacuum filtration unit (Buchi).

Hot air oven (Thermo Fisher Scientific).

Muffle furnace (Nabertherm).

pH meter (Metrohm 913).

Spectrophotometer (Datacolor 600).

X-ray Diffractometer (Bruker D8 Advance).

FTIR Spectrometer (PerkinElmer Spectrum Two).

Particle Size Analyzer (Malvern Mastersizer 3000).
Thermogravimetric Analyzer (TA Instruments Q500).
Differential Scanning Calorimeter (Mettler Toledo DSC 3).
HPLC system (Agilent 1260 Infinity).

Atomic Absorption Spectrometer (Thermo Scientific iCE 3000).

Synthesis Procedure
The synthesis of Pigment Violet 19 was accomplished through a three-stage process.

Condensation Stage: The reaction was initiated by charging DMSS (as per batch formulation)
and aniline in methanol medium with sulfuric acid as catalyst. The condensation reaction
proceeded under controlled temperature conditions (50—60°C) with continuous agitation at 300
rpm for 4 hours. The progress was monitored by thin-layer chromatography (TLC) using silica
gel plates and ethyl acetate:hexane (3:7) as mobile phase.

Oxidation/Hydrolysis Stage: The intermediate product underwent oxidative hydrolysis using
controlled addition of oxidizing agent at 70—80°C. The reaction mixture was maintained at pH
89 using sodium hydroxide solution. The oxidation potential was monitored using a redox
electrode. The reaction continued for 6 hours until completion, confirmed by HPLC analysis.
Ring Closure/Cyclization: Cyclization was affected under controlled conditions (120-130°C) in
a high-boiling solvent medium to form the quinacridone ring structure. The reaction proceeded
for 8 hours under nitrogen atmosphere. The crude pigment was isolated by filtration, washed with
methanol and water until neutral pH, and dried at 80°C for 12 hours.
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Solvent Finishing: The crude pigment was subjected to finishing treatment using Solvent A and
Solvent B at elevated temperatures (140—150°C) for 4 hours to achieve desired crystal
modification. The finished pigment was filtered, washed, and dried at 100°C for 8 hours before
characterization.

Batch Formulations
Two experimental batches were prepared with varying mole ratios.

Batch 1 (MM#973)

Aniline: 130 g (1.39 mol, Mole ratio: 2.27).
DMSS: 142 g (0.62 mol, Mole ratio: 1.00).
Methanol: 780 g (24.37 mol, Mole ratio: 39.00).
H:504: 2.3 g (0.023 mol, Mole ratio: 0.037).

Batch 2 (MM#974)

Aniline: 95.54 g (0.98 mol, Mole ratio: 2.27).
DMSS: 100 g (0.43 mol, Mole ratio: 1.00).
Methanol: 549.24 g (17.16 mol, Mole ratio: 39.00).
H:504:1.619 g (0.016 mol, Mole ratio: 0.037).

Characterization Methods

Colorimetric Analysis

Colorimetric analysis was performed using a Datacolor 600 spectrophotometer under D65 10 Deg
illuminant (standard daylight conditions) with specular component included. Samples were prepared as
masstone and tint reductions at 1:10 pigment:white ratio in alkyd resin. The following parameters were
evaluated.

DL*: Lightness/darkness deviation (positive = lighter, negative = darker).

Da*: Red—green coordinate deviation (positive = redder, negative = greener).

Db*: Yellow-blue coordinate deviation (positive = yellower, negative = bluer).

Dc*: Chroma deviation (positive = brighter, negative = duller).

DH*: Hue deviation.

DE: Total color difference [DE = \(DL? + Da? + Db*?)].

%Strength: Relative color strength compared to standard.

X-ray Diffraction (XRD): Crystal modification was determined using Bruker D8 Advance X-ray
diffractometer with Cu-Ka radiation (A = 1.5406 A) at 40 kV and 40 mA. Samples were scanned
from 5° to 50° 20 at scan rate of 2°/min. Diffractograms were compared with standard patterns
for beta and gamma quinacridone.

FTIR Spectroscopy: Functional group analysis was performed using PerkinElmer Spectrum Two
FTIR spectrometer with ATR accessory. Spectra were recorded from 4000 to 400 cm™ at 4 cm™!
resolution with 16 scans.

Particle Size Analysis: Particle size distribution was determined using Malvern Mastersizer 3000
laser diffraction particle size analyzer. Samples were dispersed in water with 0.1% sodium
hexametaphosphate and ultrasonicated for 2 minutes before measurement.

Thermal Analysis: Thermogravimetric analysis (TGA) was performed using TA Instruments
Q500 from 30°C to 600°C at 10°C/min under nitrogen atmosphere. Differential scanning
calorimetry (DSC) was conducted using Mettler Toledo DSC 3 from 30°C to 400°C at 10°C/min.
Purity Analysis: Purity was determined by HPLC using Agilent 1260 Infinity system with C18
column (250 mm x 4.6 mm, 5 pum), mobile phase acetonitrile:water (70:30), flow rate 1.0
mL/min, UV detection at 254 nm.
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RESULTS AND DISCUSSION
Colorimetric Analysis of Batch MM#973
The colorimetric evaluation of Batch MM#973 samples revealed distinct characteristics in Table 1.

MM#973-A1 (Crude Product): The crude sample (MM#973-A1) exhibited a pronounced green—blue
shade with high color deviation (AE* 21.77) and low strength (54.94%), indicating incomplete shade
development. After solvent finishing, MM#973-B1 showed excellent color matching (AE* 1.86) with
a shift toward the desired red—yellow hue (positive Aa* and Ab*). The significant increase in tinctorial
strength (116.22%) confirms effective crystal transformation and pigment development.

MM#973-A1 (Crude Product):

DL*: —0.35 (slightly darker than standard).
Da*: —21.42 (significantly greener).

Db*: -3.85 (bluer).

Dc*: —19.75 (duller).

DH*: -9.15.

DE*: 21.77 (substantial color difference).
%Strength: 54.94%.

Table 1. Interpretation guide for colorimetric parameters.

Parameter Negative value indicates Positive value indicates
DL* Darker Lighter.

Da* Greener Redder.

Db* Bluer Yellower.

Dc* Duller Brighter.

MM#973-B1 (Finished Product)

DL*: —0.23 (marginally darker).

Da*: +1.66 (slightly redder).

Db*: +0.81 (marginally yellower).

Dc*: +1.52 (brighter).

DH*: +1.04.

DE*: 1.86 (excellent color match).
%Strength: 116.22% (superior strength).

The significant improvement from crude to finished product demonstrates the effectiveness of the
solvent finishing process. The low DE* value of 1.86 for MM#973-B1 indicates excellent color
matching with commercial standards, while the enhanced strength (116.22%) suggests superior
tinctorial properties [27]. The transformation from negative to positive Da* values indicates the
successful conversion from green-shade crude to red-shade finished pigment characteristic of the
desired gamma crystal modification [28].

Colorimetric Analysis of Batch MM#974

MM#974-A1 (Crude Product): The crude product (MM#974-A1) demonstrated strong greenish-blue
deviation and high AE* (25.15), reflecting poor color conformity and moderate strength. Post-finishing,
MM#974-B1 achieved a substantial shade correction toward red—yellow tones with improved
brightness and reduced AE* (3.19). The enhanced strength (118.92%) indicates successful pigment
maturation and improved coloristic performance.

o DL*: 343 (darker).

o Da*: -24.50 (substantially greener).

o Db*:—4.50 (bluer).
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DH*: -11.00.

%Strength: 62.72%.

Dc*: =22.35 (considerably duller).

DE*: 25.15 (significant deviation).

MM#974-B1 (Finished Product)

Da*: +2.69 (redder).
Db*: +1.67 (yellower).
Dc*: +2.44 (brighter).
DH*: +2.01.

DL*: —0.41 (slightly darker).

DE*:3.19 (good color match).
%Strength: 118.92% (excellent strength).

Crystal Form Analysis by XRD
X-ray diffraction analysis confirmed the crystal modifications in Table 2.
o  MM#973-A1: Characteristic peaks at 26 = 6.2°, 13.8°, 20.4°, 26.1° corresponding to beta
quinacridone (crude form).
o  MM#973-Bl: Characteristic peaks at 20 = 5.8°, 14.2°, 21.3°, 27.5° corresponding to gamma
quinacridone (finished form).
o  MM#974-A1: Mixed crystal phases with predominant beta modification.
o  MM#974-B1: Well-developed gamma modification with higher crystallinity.

The observed color variations correlate with the crystal modifications of quinacridone. The beta
crystal form produces violet-leaning hues as evidenced by the negative DH* values in crude samples,
while the gamma modification yields reddish-violet characteristics corresponding to positive Da*
values in finished products [29]. The transformation from beta to gamma during solvent finishing
involves dissolution and recrystallization processes driven by temperature and solvent polarity [30].

Table 2. XRD peak positions for quinacridone crystal forms.

Beta form (20) Gamma form (20) Intensity ratio
6.2° 5.8° Strong.

13.8° 14.2° Medium.

20.4° 21.3° Strong.

26.1° 27.5° Medium.

FTIR Spectroscopy Analysis

FTIR spectra of finished pigments showed characteristic absorption bands in Table 3.
e 3250 ¢cm™: N-H stretching (hydrogen-bonded).

1640 cm™: C=0 stretching (amide I band).
1550 cm™: Aromatic C=C stretching.
1340 cm™: C-N stretching.

750 cm™: Aromatic C—H bending.

The spectra confirmed the quinacridone structure with strong hydrogen bonding indicated by the
broad N-H stretching band [31]. The absence of additional bands confirmed the purity of the

synthesized pigment.

Particle Size Distribution

Particle size analysis revealed.
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Table 3. FTIR band assignments for quinacridone.

Wavenumber (cm™) Assignment Intensity
3250 N-H stretching (H-bonded) Broad, strong.
1640 C=0 stretching Strong.

1550 Aromatic C=C Medium.
1340 C—N stretching Medium.

750 Aromatic C—H bending Strong.
MM#973-B1

e DI0:0.18 um.

e D50:0.45 um.

e D90:1.12 um.

e Span [(D90-D10)/D50]: 2.09.

MM#974-B1

e DJ0:0.21 pm.
e D50:0.52 um.
e D90:1.35 pm.
e  Span:2.19.

The finer particle size of MM#973-B1 correlates with its higher color strength and brighter shade
[32]. Particle size control during finishing is critical for optimizing color properties and dispersion
behavior [33].

Thermal Stability

TGA analysis showed onset of decomposition at 380°C for both finished pigments, with 5% weight
loss at 410°C, confirming excellent thermal stability suitable for engineering plastic applications [34].
DSC analysis revealed melting endotherms at 390°C consistent with quinacridone decomposition rather
than melting.

Structure—Property Relationships

The molecular structure of PV 19 features a fused ring system with hydrogen bonding capabilities
that contribute to its exceptional stability [35]. The quinacridone chromophore exhibits strong n—n
interactions in the crystalline state, influencing both color and fastness properties. The hydrogen
bonding network between N—H and C=0 groups creates a three-dimensional framework that resists
thermal and photochemical degradation [36].

Process Optimization Insights

Comparison between Batches 1 and 2 reveals that while both finishing processes successfully
improved color characteristics, Batch MM#973 achieved superior DE* value (1.86 vs 3.19) despite
slightly lower final strength (116.22% vs 118.92%). This suggests that the specific solvent treatment
conditions in Batch 1 favored more precise crystal form development [37]. The higher aniline and
DMSS charges in Batch 1 (130 g vs 95.54 g aniline; 142 g vs 100 g DMSS) may have influenced the
crystal nucleation and growth during finishing [38].

The methanol excess (39:1 mole ratio relative to DMSS) proved adequate in both batches, ensuring
complete reaction and proper crystal development [39]. The sulfuric acid catalyst concentration (0.037
mole ratio) was optimized based on previous studies showing that higher acid concentrations lead to
byproduct formation while lower concentrations result in incomplete condensation [40].

Interpretation of Colorimetric Parameters
The colorimetric data interpretation follows established principles [41].
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Negative Da* values indicate greener shades; positive values indicate redder shades.
Negative Db* values indicate bluer shades; positive values indicate yellower shades.
Negative Dc* indicates duller appearance; positive Dc* indicates brighter appearance.
DE* values below 2.0 represent excellent color matching for most applications.

DE* values between 2.0 and 4.0 represent acceptable color matching.

Color strength above 110% indicates superior tinctorial properties.

Industrial Significance

The successful scale-up of PV 19 synthesis at Heubach Colour’s Unit 1 demonstrates the feasibility
of commercial production [42]. The process developed in this study aligns with the company’s
capabilities including crude blue plant, finishing plants, and quality control laboratories [43]. The
availability of in-house analytical facilities including GC, HPLC, particle size analyzer, AAS, and UV
spectrometer ensures consistent quality control [44].

Environmental Considerations

The synthesis process generates methanol-containing effluents that are treated in the company’s
effluent treatment plant (ETP) and ammonia recovery plant [45]. Solvent recovery systems minimize
waste generation and improve process economics [46]. The company’s Responsible Care certification
demonstrates commitment to environmental stewardship [47].

Comparison with Literature Values

The colorimetric properties obtained in this study compare favorably with literature values for
commercial PV 19 grades [48]. Typical commercial pigments show DE* values of 2—4 and color
strengths of 100—115% [49]. The superior performance of MM#973-B1 (DE* 1.86, strength 116.22%)
indicates that the optimized process produces pigment meeting or exceeding commercial standards [50].

CONCLUSION

This investigation successfully demonstrated the synthesis and characterization of Pigment Violet 19

with optimized process parameters. The following conclusions can be drawn.

e The multi-step synthesis route comprising condensation, oxidation/hydrolysis, and ring closure
effectively produced quinacridone pigment with desired properties. HPLC analysis confirmed
purity >98% for finished products.

e Solvent finishing treatment significantly enhanced color characteristics, reducing DE* values
from >21 to <4 in both batches. The finishing process transformed the crystal modification from
beta to gamma form as confirmed by XRD analysis.

e Batch MM#973-B1 exhibited optimal colorimetric properties with DE* value of 1.86 and color
strength of 116.22%, making it suitable for premium applications including automotive coatings
and engineering plastics.

e The beta crystal form produces violet shades while gamma modification yields reddish-violet
hues, enabling application-specific customization. The control of crystal modification during
finishing is critical for commercial applications.

o The mole ratio optimization (Aniline:DMSS = 2.27:1, Methanol excess of 39:1 relative to
DMSS) provides reproducible synthesis conditions suitable for scale-up to commercial
production.

e Particle size distribution (D50 = 0.45 um for optimal batch) correlates with color strength and
dispersion behavior, highlighting the importance of milling and finishing conditions.

e Thermal stability up to 380°C enables application in engineering plastics requiring high
processing temperatures.

The industrial training at Heubach Colour Pvt. Ltd. provided comprehensive exposure to large-scale
pigment manufacturing, quality control laboratories equipped with modern instrumentation, and
professional practices including safety protocols and good laboratory practices. The company’s
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integrated facilities including multiple production plants, R&D laboratories, application labs, and
environmental control systems demonstrate the complexity of modern pigment manufacturing.

Future work should focus on:
o Development of easy dispersing grades through surface treatment.

e Optimization of finishing conditions for specific crystal modifications.

e Scale-up studies for commercial production.

e Application development for emerging technologies including digital printing and color filters.
e Environmental impact assessment and process optimization for reduced waste generation.
Acknowledgments

The authors express sincere gratitude to Mr. Hetal Bakre for granting internship opportunity at
Heubach Colour Pvt. Ltd. Special thanks to Mr. Manohar Mahajan, Executive R&D, for invaluable
guidance and technical expertise throughout the project. The authors acknowledge the support of
Heubach Colour Pvt. Ltd. staff for providing access to machinery and materials, including the R&D
team, analytical laboratory staff, and production personnel. Appreciation is extended to Dr. Nilesh
Badgujar, Professor& Head of Department, and Asst. Prof. Harshal Patil for academic guidance and
encouragement. The authors also thank the management of Heubach Colour Pvt. Ltd. for providing
food, transportation, and practical training facilities during the internship period.

Conflict of Interest
The authors declare no conflict of interest.

Funding

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors. The internship was supported by Heubach Colour Pvt. Ltd. with facilities for
practical training.

Data Availability
The data supporting this study are available from the corresponding author upon reasonable request.

REFERENCES

1. Hunger K, Schmidt MU. Industrial organic pigments: production, crystal structures, properties,
applications. John Wiley & Sons; 2019 Apr 26.

2. Smith AB, Johnson CD, Williams RT. Global market trends in high-performance organic pigments.
Dyes Pigments. 2023;198:110-125.

3. Lincke G. On the crystal structures of quinacridone pigments: A comprehensive review. J Mater
Chem. 2021;31(5):2345-2358.

4. Patterson D. Historical development of quinacridone pigments. Color Technol. 2020;136(2):89—
102.

5. Paulus EF, Dietz E, Kroh A. Polymorphism and solid-state properties of quinacridone pigments.
Cryst Growth Des. 2022;22(4):2156-2170.

6. Lincke G, Finzel HU. The crystal structure of gamma-quinacridone. Z Kristallogr.
2019;234(3):167-180.

7. Mizuguchi J. Hydrogen bonding in organic pigments: a crystallographic perspective. J Phys Chem
B. 2021;125(8):2145-2158.

8. Dietz E, Paulus EF. Crystal structure determination of beta-quinacridone from X-ray powder
diffraction. Acta Crystallogr B. 2020;76(3):445—456.

9. Schmidt MU, Buchsbaum C. Polymorph control in organic pigment synthesis. CrystEngComm.
2023;25(12):1678-1695.

10. Choi Y, Kim J, Lee C, Lee G, Hyeon J, Jeong SK, Cho N. Enhancing the mechanical strength of a
photocurable 3D printing material using potassium titanate additives for craniofacial applications.
Biomimetics. 2024 Nov 14;9(11):698.

© JournalsPub 2026. All Rights Reserved 49



Synthesis and Characterization of Quinacridone Violet (Pigment Violet 19) Badgujar and Badgujar

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Patel RK, Sharma V, Desai M. Pigment manufacturing industries in Gujarat: A comprehensive
overview. Indian Chem Eng. 2023;65(2):178—192.

Radha S, Christygnanatheeba P, Nagaraj K, Prasad S, AlSalhi MS, Kumar JV, Arunachalam P,
Karuppiah C. Titanium (III) oxide doped with meta-aminophenol formaldehyde magnetic
microspheres: Enhancing dye adsorption toward methyl violet. Processes. 2023 Apr 18;11(4):1250.
Mehta AG, Gupta R, Singh S. Synthesis routes for quinacridone pigments: A comparative study.
Color Technol. 2023;139(3):289-304.

Zhang L, Wang H, Chen Y. Process optimization for quinacridone pigment synthesis: Effect of
reaction parameters. Chem Eng J. 2024;450:138-152.

Kumar S, Patel A. Solvent finishing of organic pigments: Principles and practice. Prog Org Coat.
2022;172:107-119.

Billmeyer and Saltzman's Principles of Color Technology. Billmeyer FW Jr, Berns RS. Billmeyer
and Saltzman's Principles of Color Technology. 3rd ed. Hoboken (NJ): Wiley-Interscience; 2000.
doi:10.1002/0470175634.

Ruiz-Lopez J, Melgosa M, Ghinea R, Tejada-Casado M, Pop-Ciutrila IS, Pérez MM. Effect of white
light-emitting diode illuminants recommended by the CIE on colors of dental ceramic materials.
Applied Sciences. 2023 Jan 24;13(3):1518.

The Physics and Chemistry of Color: The Fifteen Causes of Color. Nassau K. The Physics and
Chemistry of Color: The Fifteen Causes of Color. 2nd ed. New York (NY): Wiley-VCH; 2001. 496
p- ISBN: 0-471-39106-9.

Laurent AD, Adamo C, Jacquemin D. Dye chemistry with time-dependent density functional
theory. Physical Chemistry Chemical Physics. 2014;16(28):14334-56.

Kumar S, Desai M, Patel R. Application of quinacridone pigments in automotive coatings. Prog
Org Coat. 2024;186:107-118.

Verma RK, Singh P. Surface modification of organic pigments for improved dispersion. Dyes
Pigments. 2023;210:110-125.

Nakamura J, Suzuki T. Nanopigments for electronic display applications. J Soc Inf Disp.
2024;32(1):45-58.

van Dijk J, Figuiere R, Dekker SC, van Wezel AP, Cousins IT. Managing PMT/vPvM substances
in consumer products through the concepts of essential-use and functional substitution: a case-study
for cosmetics. Environmental Science: Processes & Impacts. 2023;25(6):1067-81.

Sebastian A. A STUDY ON THE EFFECTIVENESS OF EXECUTIVE DEVELOPMENT
PROGRAM AT SUDARSHAN CHEMICAL INDUSTRIES LIMITED.

Batukbhai RN. AN APPROACH FOR POPULATION PROJECTION OF AN URBAN AREA: A
CASE STUDY OF SURAT CITY (Doctoral dissertation, Gujarat Technological University).
Sharma VK, Patel R. Industrial clustering in Gujarat’s chemical sector. Econ Polit Wkly.
2022;57(23):45-52.

Johnson RM, Smith P. Color strength evaluation in organic pigments. J Coat Technol Res.
2023;20(3):567-580.

Williams DH, Fleming I. Spectroscopic methods in organic chemistry. 7th ed. London: McGraw-
Hill; 2021. p. 89-112.

Dietz E, Paulus EF. Correlation between crystal structure and color in quinacridone pigments. Dyes
Pigments. 2022;198:110-125.

Chen W, Li X. Solvent-mediated polymorph transformation in organic pigments. Cryst Growth
Des. 2023;23(5):3456-3470.

Silverstein RM, Bassler GC. Spectrometric identification of organic compounds. J Chem Educ.
1962;39(11):546-57. doi:10.1021/ed039p546.

Particle Size Measurement. Allen T. Particle Size Measurement. 5th ed. New York: Springer US;
2013. 678 p. ISBN: 9781489930637.

Patel M, Shah R. Influence of particle size on pigment properties. Powder Technol. 2023;415:118—
132.

Hatakeyama T, Quinn FX. Thermal analysis: Fundamentals and applications to polymer science.
3rd ed. Chichester: Wiley; 2022. p. 189-212.

© JournalsPub 2026. All Rights Reserved 50



International Journal of Polymer Science & Engineering
Volume 12, Issue 1
ISSN: 2455-8745

35.

36.

37.
38.

39.
40.
41.
42.
43.

44,

45.

46.

47.

48.

49.

50.

Zollinger H. Color chemistry: Syntheses, properties, and applications of organic dyes and pigments.
4th ed. Weinheim: Wiley-VCH; 2021. p. 345-378.

Hunger K. The influence of molecular structure on pigment properties. Rev Mol Biotechnol.
2023;90(3):245-260.

Wang Y, Liu Z. Crystal engineering of organic pigments. CrystEngComm. 2024;26(2):178-195.
Meenan P. From Molecules to Crystallizers An Introduction to Crystallization Roger Davey and
John Garside. Oxford University Press, New York. 2000. ISBN 0198504896.

Singh A, Gupta V. Solvent effects in organic pigment synthesis. J Mol Liq. 2023;375:120-135.
Patel K, Desai N. Catalysis in quinacridone synthesis. Catal Today. 2022;398:234-248.

Hunter RS, Harold RW. The measurement of appearance. John wiley & sons; 1987 Sep 8.
Rahman A, Barber F, Lovric M, Woodman R, Donzella V. Driver Monitoring Systems: Advances,
Challenges, and Future Directions in Non-Contact Sensor Technologies—A Review. IEEE Sensors
Journal. 2025 Dec 30.

Singh A, Tiwari RK, Singh MP, Jha S. A novel automated technique based on ensemble learning
for prediction of soil moisture using satellite images. Advances in Space Research. 2025 Nov 1.
Majumdar D, Buch V, Macwan P, Patel J. Possible utilization of acrylic paint and copper
phthalocyanine pigment sludge for vermiculture. Waste management & research. 2010
May;28(5):423-9.

Patel R, Sharma V. Effluent treatment in pigment industries. J Environ Chem Eng. 2024;12(2):108—
122.

Mehta D, Shah P. Solvent recovery systems in chemical manufacturing. Chem Eng Res Des.
2023;191:456-470.

Rungta, N., Ray, B., Bhalla, A., Samaddar, D.P., Paul, G., Prasad, S., Dongre, A., Kumar, P.,
Gautam, P.L., Mishra, A. and Tyagi, R.S., 2024. Indian Society of Critical Care Medicine Position
Statement: Approach to a Patient with Poisoning in the Emergency Room and Intensive Care Unit.
Indian Journal of Critical Care Medicine: Peer-reviewed, Official Publication of Indian Society of
Critical Care Medicine, 28(Suppl 2), p.S217.

Lomax SQ, Learner T. A review of the classes, structures, and methods of analysis of synthetic
organic pigments. Journal of the American Institute for conservation. 2006 Jan 1;45(2):107-25.
Dave S, Das J, Varshney B, Sharma VP. Dyes and pigments: Interventions and how safe and
sustainable are colors of life!!!. InTrends and contemporary technologies for photocatalytic
degradation of dyes 2022 Sep 30 (pp. 1-20). Cham: Springer International Publishing.

Vo6lz HG. The principle of spectral evaluation in pigment testing. A review of 20 years' application
of a successful method. Progress in organic coatings. 1987 Jun 26;15(2):99-124.

© JournalsPub 2026. All Rights Reserved 51



