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Abstract: Utilising semiconductor photocatalysis, a "'green” method, has been widely used to remove environmental contaminants,
including organic pollutants found inside and soluble hazardous materials found in waste water®. Due to its low cost, photo stability,
chemical and biological inertness, and resistance to both chemical and photo corrosion, TiO, is the most widely used photocatalyst. It is
known that organic contaminants in waste water can degrade into CO, and H,O in aqueous conditions, but that the organic compounds
can also be selectively oxidised into fine chemical products rather than completely mineralized in aqueous conditions, dry organic
solvent, controlled pH, irradiation time, by using visible or UV light, etc.* 5. 3-Hydroxypropanoic acid (3-HPA) is an organic molecule
with three carbons and two functions. It is categorised as an w-hydroxyl-aliphatic carboxylic acid and has been found to be a powerful
new generation chemical intermediate. In terms of the primary strategic building blocks derived from biological resources, it is ranked
third ®. Because of its dual activity, it can be transformed into a variety of high-value compounds, such as polyesters, acrylic acid,
propiolactone, and poly-3-HPA’. Through straightforward chemical reactions, these are used in the creation of adhesives, fibres, and
resins. It can then selectively oxidise 3-HPA to produce malonic acid (MA) and its byproducts, which together account for a sizable
market. Three-hydroxypropionic acid, the polymer used in polyester, degrades biologically °. Therefore, research on the photocatalytic
action of TiO, sensitised on 3-hydroxypropionic acid is planned. The generated photo-product was separated into its derivatives, which
were then examined using the proper spectral or other methodologies. Thus, this portion of the published work may stimulate chemists'

and chemists" interest in multidisciplinary research.
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1. Introduction

Semiconductor photocatalytic process has been widely
applied as a “green” technology in treating environmental
contaminants, such as the removal of the indoor organic
pollutants and degradation of the soluble hazardous material
in waste water’®. Due to its low cost, photo stability,
chemical and biological inertness, and resistance to both
chemical and photo corrosion, TiO, is the most widely used
photocatalyst. It is known that organic contaminants in waste
water can degrade into CO, and H,O in aqueous conditions,
but that the organic compounds can also be selectively
oxidised into fine chemical products rather than completely
mineralized in aqueous conditions, dry organic solvent,
conzrglled pH, irradiation time, by using visible or UV light,
etc.”

3-Hydroxypropanoic acid (3-HPA) is a bifunctional, three-
carbon organic molecule that has been identified as a potent
new generation chemical intermediate. It is classed as ®-
hydroxyl-aliphatic carboxylic acid. In terms of the primary
strategic building blocks derived from biological resources, it
is ranked third®. Its dual purpose allows it to be transformed
into a variety of high-value compounds, such as polyesters,
acrylic acid, propiolactone, and poly-3-HPA’, they are used
in the straightforward chemical processes that create
adhesives, fibres, and resins. It can then selectively oxidise
3-HPA to produce malonic acid (MA) and its byproducts,
which together account for a sizable market. 3- Acrylic acid
can be hydrated by a base and then reacidified to produce
hydroxypropionic acid. In a different process, ethylene

chlorohydrin is first cyanated, and then the resultant nitrile is
hydrolyzed. Another method is propiolactone hydrolysis®. As
a P-hydroxy acid, 3-hydroxypropanoic acid (3-HP) is
biochemically synthesised and utilised in the production of
several industrial chemicals, particularly acrylic acid, its
esters, and their polymers. Three-hydroxypropionic acid, the
polymer used in polyester, degrades biologically®.

3-HPA is still an uncommon and expensive chemical that is
only sold as an aqueous solution by a few number of
providers, despite significant research efforts. Through
biological processes, 3-hydroxypropanaldehyde, glucose,
and glycerol have been converted into 3-HPA'™!. Through a
specific oxidation and hydration process, allyl alcohol can
benefit 3-HPA '2*2, The synthesis of 3-HPA has also been
documented in patent literature derived from vinyl acetate™,
3-hydroxypropanaldehyde®, and B-propiolactone'*. Another
patent demonstrates that acrylic acid can react with water to
produce 3-HPA through hydration*’. Using a lot of NaOH
and high O, pressures, Behr et al. demonstrated an intriguing
process for producing 3-HPA from 1,3-propanediol (1,3-
PD), an aliphatic diol, by selectively oxidizing it over bi- and
tri-metallic catalysts based on Pt and Pd %, When using such
a "non-green" chemical method, products such as sodium
salts are formed, and extra energy is needed to get 3-HPA in
a Na-free form. For the purpose of producing 3-HPA, a new
green strategy must be developed.

A B-hydroxy acid, 3-hydroxypropanoic acid (3-HP) is
biochemically synthesized and is a common building block
for several industrial compounds, most notably acrylic acid,

Volume 12 Issue 11, November 2023

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR231110153457

DOI: https://dx.doi.org/10.21275/SR231110153457 796



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

its esters, and related polymers. 3-hydroxypropionic acid, the
polymer used in polyester, degrades biologically®®.

The technique combines the commercially available beta
hydroxy acid 3-hydroxypropionic acid (3-HPA), with the
high molecular weight and control characteristics of ring-
opening polymerization. Because 3-hydroxypropionic acid,
or Poly (3-HPA), may be obtained from biological sources,
the resultant substance is bio-renewable. With a hydroxyl
group on its third carbon atom, 3-hydroxypropionic acid (3-
HP) is a non-chiral carboxylic acid with great potential as a
platform compound to generate a wide range of other
compounds, including 1,3-propanediol (Kim, Kim, Park, &
Seo, 2014). The US Department of Energy recognized 3-HP
as one of the top value-added compounds made from
biomass in 2010 (Bozell & Petersen, 2010).

We consume a lot of organic compounds in many aspects of
our daily lives without realizing the negative effects they
have on life and the environment. Although this is a pretty
generic study, it does indicate that we should be mindful of
these negative effects. This endeavor might lead us to adopt
an interdisciplinary approach when it comes to pertinent
researchers, such as nutritionists, dermatologists, chemists,
and chemists. For chemists to gain a deeper understanding of
these novel advanced oxidation processes, they should find
the mechanistic aspect of photochemical reactions useful.
Additionally, this study will make it possible for other
researchers' previously reported work.

Malonic acid® is the photoproduct of in this study and it is a
naturally occurring substance found in many fruits and
vegetables.?* There is a suggestion that citrus fruits produced
in organic farming contain higher levels of malonic acid than
fruits produced in conventional agriculture.?? Malonic acid
reacts as a typical carboxylic acid: forming amide,
ester, anhydride, and chloride derivatives®. Malonic
anhydride can be used as an intermediate to mono-ester or
amide derivatives, while malonyl chloride is most useful to
obtain diesters or diamides. In a well-known reaction,
malonic acid condenses with urea to form barbituric acid.
Meldrum's acid, a flexible intermediate in subsequent
transformations, can also be formed by condensing malonic
acid with acetone. In the synthesis of malonic ester, the
esters of malonic acid are also employed as a -CH2COOH
synthon.

Under mild circumstances, malonic acid is utilized to
introduce an acetic acid moiety through Knoevenagel
condensation and subsequent decarboxylation. Examples
include the creation of 3,4,5-trimethoxycinnamic acid, the
essential intermediary of the vasodilators cinepazet and
cinepazide, and cinnamic acid, which is used to produce the
anti-inflammatory cinmetacin. Knoevenagel condensation of
malonic acid with heptaldehyde and ring closure yields the
scent gamma-nonanoic lactone®.

To enhance the mechanical qualities of potato and maize
starches, malonic acid can be utilized as a cross-linking
agent®. Usually, the hydrolysis of cyanoacetic acid or the
acid saponification of malonates yield malonic acid. The
ozonolysis of cyclopentadiene, the air oxidation of 1,3-
propanediol catalysed by palladium, the oxidation of 3-

hydroxypropanoic acid by platinum group metals, and the
use of malanonitrile as a substrate for a nitrilase are other,
more recently reported methods for the preparation of
malonic acid.

It has been noted that green wheat plants and lucerne leaves
both contain malonic acid. This acid has been widely used in
studies on the tricarboxylic acid cycle and is well known for
being a competitive inhibitor of succinic dehydrogenase®. It
is employed in the scent business as well as in flavors. To
improve the mechanical qualities of corn flour and potato
starch, it is utilized as a cross-linking agent. The diethyl ester
of malonic acid (HOOCCH,COQH), a dibasic organic acid,
is utilized in the synthesis of barbiturates, vitamins B1 and
B6, and many other important substances. Malonic acid itself
has few uses and is rather unstable. Beetroot has its calcium
salt, however the acid is often made by hydrolyzing diethyl
malonate. It easily splits into acetic acid and carbon dioxide
in addition to going through the typical processes that
carboxylic acids go through.

Ethyl alcohol and cyanoacetic acid combine to produce
diethyl malonate, or CH,(COOC,Hs),, commonly known as
malonic ester. The reactivity of its methylene (CH,) group
makes it useful in synthesis; a hydrogen atom can be
removed from it with ease using sodium ethoxide or another
strong base, and the resultant derivative reacts easily with an
alkyl halide to generate a diethyl alkylmalonate. In a similar
manner, a second alkyl group might be added. Barbiturates
are created by reacting the diethyl dialkylmalonates with
urea. At 181.4°C, diethyl malonate boils as a fragrant,
colorless liquid.

2. Experimental

The organic components include ninhydrin, titanium oxide,
tungsten oxide, iron oxide, zinc oxide, cadmium sulphide,
stannic oxide, copper oxide, 3-hydroxypropionic acid, Silica
gel-G, and Resublimed lodine (sm).

Thin layer chromatography and paper chromatography kits
for determining the progress of reaction, pH meter (Eutech
pH 510), conductivity meter (Systronic), spectrophotometer
(Systronic), tungsten filament lamps 2 X200 W (Philips) for
visible light, 450 W Hg-arc lamp, water shell to filter out IR
radiations and to avoid any thermal reaction, and I|.R.
spectrometer  (Perkin-Elmer Grating-377) was utilised
together with a UV chamber with UV tube (30 W) (Philips).

The 3-hydroxypropionic acid solutions are prepared in water
as the required concentrations as mentioned in the Tables.
The required concentration of semiconductor or mixed
semiconductors has been added to the reaction mixture for
heterogeneous photocatalytic reactions. Variations were
made to obtain the optimum yield of photoproducts.

Thin layer chromatography, using ninhydrin or resublimed
iodine (sm) chamber as the eluent for spot test detection and
silica gel-G as an adsorbent, was employed to track the
reaction's progress at various time intervals. A slide spot
detector with a UV chamber (Chino's) was used to identify
colourless spots. After the reaction or process was
completed, the photoproducts were separated as their salts,
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and by making the right derivatives, they could be
recognized using spectrophotometers, IR spectrometers, and
NMR spectrometers. By waiting for the right amount of
calcium salt malonic acid, the best yield is achieved.

3. Results and Discussion

1) The effect of substrate

concentrations varying from 0.960 x 10% M to 7.687 x 107
M at fixed amount TiO, (1.872 x 10 M). The total volume
of reaction mixture is 50 ml and the results are reported in
the Table 1 and shown in Plot 1.

1. Solvent - Water
2. TiO, © 1.872x102M (1.50 g/L)
3. Irradiation time: 120 min

Effect of amount of substrate on the oxidation of 3- 4. Visiblelight : 2x 200 W Tungsten lamps
Hydroxypropandioic acid was studied at different
Table 1
S. No. Conc. Of Substrate Percent yield of product
(Beta-Hydroxy propandioic acid) (Malonic acid)
1 0.960 x 10 12%
2 1.921 x 10 18%
3 2.882 x 1072 27%
4 3.843 x 1072 34%
5 4.804 x 102 42%
6 5.765 x 1072 51%
7 6.726 x 1072 59%
8 7.687 x 1072 64%
70% f
0% 17
0% 7
30% 7
0%
e 1
11}-2 1921 - 102 2 882 - 11}-2 3843 11}-2 4.804 - 11}-2 3.765 - 10-2 f- 126 - 11}-2 1687 - 1022
2) The effect of Photocatalyst Table 2
Keeping all other factors identical the effect of amount of S No Conc. Of Photocatalyst | Percent yield of product
TiO, has also been observed which were varied from 1.5 gms o (TiOy) (Malonic acid )
to 5.0 grms. The total volume of reaction mixture is 50 ml 1 1.872 x 10° 18%
and the results are reported in the Table 2 and shown in Plot 2 2.496 x 10 28%
2. 3 3.120 x 107 36%
1. Solvent : Water 4 3.744 x 10° 44%
2. Beta-Hydroxypropandioic acid: 4.804x102M(5.00 gm/Lt) 5 4.368 x 10 55%
3. Irradiation time : 120 min 6 4.992 x 10° 60%
4. Visible light : 2 x 200 W Tungsten lamps 7 5.616 x 10 61%
8 6.240 x 107 61%
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3) The effect of type of Radiations
The effect of type of radiations on photocatalytic reaction
was studied in visible light and ultraviolet light keeping all

1. Solvent . Water
2.Tio, : 1.872 x 10° M (1.50 g/L)
3. lrradiation time : 120 min

-

other factors identical. The total volume of reaction mixture 4. Visible light  : 2 x 200 W Tungsten lamps
is 50 ml and the results are reported in the Table 3 and 5. UV Light : UV Chamber 30 W (Philips Tube)
shown in Plot 3
Table 3
S, No Conc. of Substrate (Beta- Percent yield of product Percent yield of product
T Hydroxypropandioic acid) (In visible light) (In UV light)
1 0.960 x 1072 12% 18%
2 1.921 x 1072 18% 27%
3 2.882 x 10° 27% 43%
4 3.843 x 10 34% 55%
5 4.804 x 107 42% 62%
6 5.765 x 107 51% 70%
7 6.726 x 10 59% 75%
8 7.687 x 107 64% 82%
%
0% 17
0% 17
60% 4
50% 1~
40%
30% 17
20%
10% +°
0960 - 10-2 1921 102 2882 102 3843 102 4804 102 5763 102 6726 102 7687 102

4) The effect of Nature of Photocatalyst

The effect of the nature of photocatalyst on photocatalytic
reaction was studied by different photocatalysts, which are
Ferric oxide, Cadmium sulphide, Tungsten oxide, Titanium
oxide, Stannic oxide and Zinc sulphide. The total volume of
reaction mixture is 50 ml and the results are reported in the
Table 4 and shown in Plot 4

1. Solvent . Water

2. Beta-Hydroxypropandioic acid: 4.804x 102 M (5.00
gm/It)

3. Irradiation Time ;120 min.

4. Visible Light : 2 x 200 W Tungsten Lamps.
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Table 4
Band gap| Wavelength Yield of
S. No.| Photocatalyst (eVg)l P (nm)g Photoproduct
1 Fe, 03 2.2 564 07%
2 CdSs 2.4 516 23%
3 WO, 2.6 477 32%
4 TiO, 3.1 400 42%
5 Zn0 3.2 388 55%
6 SnoO, 3.5 354 08%
7 ZnS 3.6 345 05%
799
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The effect of amount of on the oxidation of Beta-
Hydroxypropandioic acid (3-HPA) was studied by using
variable amount of substrate, as reported in Table 1 and Plot
1. The highest efficiency was observed at optimum
concentration. It may be explained on the basis that as the
concentration of substrate increases, more substrate
molecules are available for photocatalytic reaction and hence
an enhancement on the rate was observed with increasing
concentration of substrate.

The amount of photocatalyst on oxidation of Beta-
Hydroxypropandioic acid (3-HPA) was investigated
employing different concentrations of the TiO, as reported in
Table 2 and Plot 2. It was observed that the yield of photo-
product increasing with increasing catalyst level up to 4.992
x 102 M and beyond this, the yield of photo-product is
constant. This observation may be explained on the basis that
on the initial stage, even a small addition of photocatalyst
will increase the yield of photoproduct as the surface area of
photocatalyst increases, but after a certain amount 4.992 x
10 M, addition of photocatalyst do not affect the yield of
product because of the fact that at this limiting amount, the
surface at the bottom of the reaction vessel become
completely covered with photocatalyst. Now increase in the
amount of photocatalyst will only increase the thickness of
the layer at the bottom. Keeping all the factors identical the
effect of the nature of photocatalyst on the photo-oxidation
of Beta-Hydroxypropandioic acid (3-HPA) was studied by
using visible and UV light as shown in the Table 3 and Plot
3. As we know that the low band gap is more suitable for
visible light and this property quite resembles the observed
data as the table reported as more yield in UV light.

Titanium dioxide (TiO,) is the most common photocatalyst
and comparably little research has been conducted on zinc
oxide, ZnO, which could be a viable alternative for some
applications. The effect of other semiconductor particle e.g.
Fe,O;, CdS, WO; (having low band gap than TiO,
semiconductor) on the TiO, catalyst photocatalytic reactions
have also been studied. TiO, is the most frequently used
photo catalyst because of its photo stability and low cost,
combined with its biological and chemical inertness and
resistant to photo and chemical corrosion. On the other hand,
binary metal sulfide semiconductors such as CdS and PbS
are regarded as insufficiently stable for catalysis and are
toxic. ZnO is also unstable in illuminated aqueous solutions
while WO; has been investigated as a potential photo
catalyst, but it is generally less active catalytically than TiO..
However, these can be combined (Doping) with other

semiconductors including TiO, to achieve greater photo
catalytic efficiency or stability. Keeping all the factors
identical the effect of the nature of photocatalyst on the
photo-oxidation of Beta-Hydroxypropandioic acid (3-HPA)
was studied by using different photocatalysts as shown in the
Table 4 and Plot 4

Mechanism

The following potential mechanistic portion has been
suggested for the photocatalytic oxidation of beta-
hydroxypropanoic acid based on the results and discussion,
collaborating with the results previously reported for other
researched compounds.

When it comes to a semiconductor oxide like TiO,,
photocatalytic reactions start when light is absorbed that has
an energy that is at least as great as the semiconductor's band
gap. A positive hole is left in the valence band when an
electron is promoted from the valence band to the conduction
band in a titanium oxide solution exposed to visible light.

T|02 + hv —
(h—-e) - h*

(h—e)
+ e

Excitation ...(1)
Separation ...(2)

As previously mentioned, subsets of hydroxyls are retained
on the high surface area of TiO,, where the net surface
density is 4-5 hydroxyl per nm. Furthermore, a surface
hydroxide ion is produced when TiO, is suspended in a
solution of beta-hydroxypropanoic acid, which serves as a
site for first photo-oxidation reactions. Photo holes are
trapped by surface hydroxyl groups, whereas electrons are
trapped by adsorbed oxygen:
h" + OH
e + O, (abs)

— OH
— 0, (abs)

.3
- (4)

The formed OH’ radicals are reacted with adsorbed on the
surface, is reacted with the Beta-Hydroxypropanoic acid
water to generate Beta-Hydroxypropanoic acid radical and
water molecule, as follows:

CH,(OH) CH,COOH + OH" — CH’(OH) CH,COOH + H,0

The formed radicals are reacted with adsorbed on the
surface, is reacted with the formed water to regenerate
hydroxyl group on the surface of the catalyst:
0, (abs) + H,O — OH ( + HO,’ ...(6)
Malonic acid formed according the following steps:
CH’(OH) CH,COOH + HO,” — CH(O) CH,COOH + H,0,
(7
CH(O) CH,COOH + OH" — C’(0) CH,COOH + H,0...(8)
C’(0) CH,COOH + HO,” - HOOCCH,COOH + H,05...(9)

4. Conclusion and Suggestions

Only the research of TiO,'s sensitized photocatalytic action
on diluted beta-hydroxypropanoic acid in the presence of
light and air is presented in this paper. The purpose of this
study could be to draw attention to the potential reasons of
the side effects that photoproducts may have, which could
lead to a shared area of interest for relevant researchers such
as chemists and chemists.

Volume 12 Issue 11, November 2023

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR231110153457

DOI: https://dx.doi.org/10.21275/SR231110153457 800



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]
[8]

[9]
[10]

[11]

[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

Paper ID: SR231110153457

Fujishima A, Honda K. Electrochemical photolysis of
water at a semiconductor electrode. Nature 1972; 283:
37-38.

Frank SN, Bard AJ. Heterogeneous Photocatalytic
oxidation of cynide ions in aqueous solution at titanium
dioxide powder. J Am Chem Soc 1977; 99: 303-304.

T. Ohno, K. Tokieda, S. Higashida and M. Matsumura,
Appl.Catal. A 244 (2003) 383.

Sabin F., Tiirk T. and Vogler A.; "Photo-oxidation of
organic compounds in the presence of titanium dioxide:
determination of the efficiency.” J. Photochem.
PhofobioL A: Chem., 63 (1992) 99-106 99

P. Kamat, TiO, Nanostructures: Recent Physical
Chemistry Advances, J. Phys. Chem. Lett., 116, 11849-
11851 (2012).

T. Werpy, G. Petersen, A. Aden, J. Bozell, J. Holladay,
J. White, A. Manheim, D. Elliot, L. Lasure, S.
Jones, M. Gerber, K. Ibsen, L. Lumberg and S. Kelley,
Top value added chemicals from biomass, Volume I:
and the National Renewable Energy laboratory
(NREL), August 2004).

C. D. Pina, E. Falletta and M. Rossi, Green Chem 13,
1624-1632 (2011).

Miltenberger, Karlheinz. "Hydroxycarboxylic Acids,
Aliphatic". Ullmann's  Encyclopedia of Industrial
Chemistry. Weinheim: Wiley-
VCH(2000). doi:10.1002/14356007.a13_507.

"3-HP". Retrieved 27 May 2011.

X. Jiang, X. Meng and M. Xian, Appl. Microbiol
Biotechnol 82, 995-1003 (2009).

J. E. Jo, S. M. Raj, C. Rathnasingh, E. Selvakumar, W.
C. Jung and S. Park, Appl Microbiol Biotechnol 81, 51-
60 (2008).

C. D. Pina, E. Falletta and M. Rossi, ChemSusChem 2,
57-58 (2009).

E. Falletta, C. D. Pina, M. Rossi, Q. He, C. J. Kiely and
G. J. Hutchings, Faraday Discuss 152, 367-379 (2011).
J. H. Hugh and T. Kingsport, U.S. Patent Appl. Pub.
No. US2466419 A (1949).

T. Haas, C. Brossmer, M. Meier, D. Arntz and A.
Freund, Europe Patent Appl. Pub. No. EP0819670 A2
(1998).

G. R. Eastham, A. J. Rucklidge and D. C. Hamilton,
U.S. Patent Appl. Pub. No. US 2006/0128985 Al
(2006).

X. Meng, T. Abraham and P. Tsobanakiss, U.S. Patent
Appl. Pub. No. US 2007/0015936 Al (2007).

A. Behr, A. Botulinski, F. J. Carduck and M.
Schneider, U.S. Patent Appl. Pub. No. US5321156A
(1994).

"3-HP". Retrieved 27 May 2011.

Chisholm, Hugh, ed. (1911). "Malonic
Acid" . Encyclopadia Britannica. Vol. 17 (11thed.).
Cambridge University Press. p. 495.

"Propanedioic acid". The Good Scents Company.
Retrieved 2020-10-07.

Ha CN, Ngoc ND, Ngoc CP, Trung DD, Quang BN
(2012). "Organic Acids Concentration in Citrus Juice
from Conventional Versus Organic Farming"”. Acta
Horticulturae. 933 (933): 601-606

[23]

[24]

[25]

[26]

doi:10.17660/actahortic.2012.933.78. hdl:10400.1/27
90. ISSN 0567-7572.

Pollak P, Romeder G, eds. "Malonic Acid and
Derivatives". Van  Nostrand's  Encyclopedia  of
Chemistry. do0i:10.1002/0471740039.vec1571. ISBN 0
471740039 (2005).

Strittmatter H et al; Malonic Acid and Derivatives.
Ullmann's Encyclopedia of Industrial Chemistry 7th ed.
(1999-2018). NY, NY: John Wiley & Sons. Online
Posting Date: April 15, 2007)

Sigma-Aldrich; Malonic acid (CAS 141-82-2)
Production information. Available from, June-2018.
Bentley LE; Nature 170: 847-848 (1952)

Volume 12 Issue 11, November 2023

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

DOI: https://dx.doi.org/10.21275/SR231110153457

801


https://en.wikipedia.org/wiki/Ullmann%27s_Encyclopedia_of_Industrial_Chemistry
https://en.wikipedia.org/wiki/Ullmann%27s_Encyclopedia_of_Industrial_Chemistry
https://en.wikipedia.org/wiki/Ullmann%27s_Encyclopedia_of_Industrial_Chemistry
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2F14356007.a13_507
http://www.license.umn.edu/Products/Biodegradable-Polyester-Produced-From-Non-toxic--Renewable-Monomer__Z05135.aspx
http://www.license.umn.edu/Products/Biodegradable-Polyester-Produced-From-Non-toxic--Renewable-Monomer__Z05135.aspx
https://en.wikipedia.org/wiki/Hugh_Chisholm
https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Malonic_Acid
https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Malonic_Acid
https://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Malonic_Acid
https://en.wikipedia.org/wiki/Encyclop%C3%A6dia_Britannica_Eleventh_Edition
http://www.thegoodscentscompany.com/data/rw1030881.html
https://www.researchgate.net/publication/216429503
https://www.researchgate.net/publication/216429503
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.17660%2Factahortic.2012.933.78
https://en.wikipedia.org/wiki/Hdl_(identifier)
https://hdl.handle.net/10400.1%2F2790
https://hdl.handle.net/10400.1%2F2790
https://hdl.handle.net/10400.1%2F2790
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/0567-7572
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2F0471740039.vec1571
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/0471740039
https://en.wikipedia.org/wiki/Special:BookSources/0471740039
https://en.wikipedia.org/wiki/Special:BookSources/0471740039



