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Abstract

Hydroxymethylation process for robeonic acid by ibaction of rubeonic acid with formalin solutior8 in
alkaline medium of 10% NaOH has been studied & rdifit temperature, i.e.,. 30,40,50, and 60°C mige

ly at constant time 3hours. The reaction preferdbnditions include the temperature 60°C andithe ts
3hours. Thus, the energy of activation decreasaeraperature increase , then the time of reaetasde-
creased. therefore; the consumption of formaldehydkecules increased as the time of reaction isetat
constant temperature. The efficiency of the rubeoacid (RUA) and its derivatives that include
MRU,DRU,N-DRU,TRU, and TERU as corrosion inhibitfmr carbon steel was evaluated depending on
theoretical calculations especially on the caléofet of the Fowo , ELumo, and the energy gakE, by using
semi-empirical calculations. It was found that RUas higher efficiency than their derivatives. Hertbe
substitution of hydrogen atom by methylol grougRbA reduce the efficiency. Hence, the increasinghef
methylol groups on RUA leads to decrease the effity, that corresponding to increase in the engagy\E

, and decrease the partial charge on N-atom oprtithucts MRU to TREU compared with RUA, also theefr
energy of corrosion reactiohG was increasing as the substituted methylol gronpease on RUA, i.e.,
from MRU to TREU.

Keywords: Kinetic, Rubeonic acid, hydroxymethylation, corrosion , carbon steel.
Introduction:

Amino resins are often used to modify the propertieother materials[1-2]. Urea-formaldehyde resgires
formed by the reaction of urea and formaldehydes @herall reaction of urea with formaldehyde istgui
complex and, although initially studied early iristltentury, is not completely understood at thesgmé
time[3]. The synthesis of a urea-formaldehyde réskes place by hydroxymethylation of the ureahwyad-
dition of formaldehyde to the amino groups (SchdmeThis reaction is in reality a series of reactionatt
lead to the formation of mono-,di-, trimethyloluseand tetramethylolurea. The reaction rate is ddg@non
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the pH. The rate for the addition of formaldehydesticcessively form one, two, and three methylolgs
has been estimated to be in the ratio of 9:3:lpewsvely. The exact ratio, of course, is dependenthe
reaction conditions employed in the addition reac{i].

0
).J\ Ho/\N/U\NH2
)7\ )J\ HO/\N NH, k
H OH

H + H2 NH, _,  mono methylolurea | di- methylol urea +
/\ )J\ /\OH o /\ )J\ /\
HO) ) k
tri- methylol urea + tetra- methylol urea 1

Scheme 1:Formation of mono, di ,tri-, and tetrahylelurea by the addition of formaldehyde to urea.

Kinetics is the study of the dependence of ttierg or rate of a chemical reaction on time amdpierature.
The chief benefit of kinetics is its ability to pliet performance at temperatures and times thatareasily
tested. The first of these, known as the rate émuatescribes the relationship between the rateadtion,
time, and amount of material. The second, calledAtrhenius equation, describes the relationshipvdsen
reaction rate and temperature. These equationgsaialy combined into a single equation of thedieihg
form:

kf (@) =

(1)

wherellis the reaction fractior is the preexponentlal factdi{n) is the kinetic expressiok is the activa-
tion energyR is the gas constant, ana the absolute temperature. The reaction is thioteghe described
when activation energy, preexponential factor, gredkinetic expression are known. The scientifidgtof
kinetics centers on the determination of theseemléctivation energyl) is considered to be the most im-
portant of the kinetic parameters because it dessmow the reaction changes as a function of teahpe
[5]. Thioureas can be synthesized as in urea fatetgide reaction. They are commercially used in ghot
graphic films, plastics and textiles. Thioureasehaltiown antibacterial, fungicidal [6], hypnotic attipyret-
ic[7] activities. Some of the thioureas are screefoe anticancer activity [8-10]. The use of thiteoas a
vulcanizing accelerators and dye intermediatesdkas reported [11]. The kinetics of the reactiothafurea
with formaldehyde was studied [12].

Organic compounds containing nitrogen atom arengonty used to reduce the corrosion attack on éteel
acidic media. These compounds can adsorb on thed meface, block active sites on the surfacestheit-
by reduce the corrosion attack. The efficiencyhelse compounds as corrosion inhibitors can bévatédl to
the number of mobile electron pair present [13-THf molecular structure and the electronic pararag¢hat
can be obtained through theoretical calculatiossH®MO, and LUMO, the energy gapE=ELUMO-
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EHOMO) are involved in the activity of the inhibito[16]. The effect of molecular structure on themical
reactivity has been object of great interest iresgvdisciplines of chemistry [17]. The developmehsemi-
empirical quantum chemical calculations emphadizescientific approaches involved in the selectibm-
hibitors by correlating the experimental data wjtantum-chemical properties. HOMO (the highest pizxli
molecular orbital) energy, and LUMO (the lowest coipied molecular orbital) energy, charges on ieact
center and on formations of molecules have beeth tasachieve the appropriate correlations [18].

In this study, condensation polymerization ketw formaldehyde and Rubeonic acid (dithioxamidejew
studied kinetically , the kinetic factors were ed#ted by using the appropriate relationships. ndther
hand, the efficiency of the Rubeonic acid and é@satives, i.e.,. mono-, di-, tri, and tetra mdthgubstitu-
tion as corrosion inhibitors for CS-alloy type N-8@s evaluated by using semi empirical hypercheoa pr
gram depending on thes&o, and Eymo, then the partial charge on N-atodhen the Rubeonic acid and its
derivatives were calculated depending on the itibibiefficiency of each one of the all mentionedneo
pounds, also the free ener§§ of the inhibition were calculated , all theseadatre calculated by using the
appropriate equations[19].

Experimental
Resin synthesis (general procedure)[ 20]:

10g of roubeonic acid was charged in three neolisd flask, 50mL of 1N sodium hydroxide solutioasv
added to the round, the constituents were mixed with 50mL of formalin solution (37%) and 1.4g &od
bicarbonate were added to reaction vissile, thaéngixontinue for 3 hours at 60°C and pH(10-10.Ajter
the time was finished, temperature slow down bylingdhe mixture then neutralize by 10% v/v phasd
acid solution. The water was evaporated by rotagperator at 40°C, then the resin dissolved iotat
Hence, the salt was filtered, then the evapordtzzhal removed by the rotary evaporator and thepcodry
at 0.21mm Hg and 40 °C for 24 hours.

Results and discussion:
Kinetic study

1. Measuring the active protons in rubeonic acid:

Active protons can be calculated at the sameitiond of blank that has all constituent reactiomept
rubeonic acid, by calculating the number of molasréacting formaldehyde with rubeonic acid by gdiy-
droxylamine hydrochloride[21-22]. Thus, hydroxylamihydrochloride reacts with the un reacted forexald
hyde at pH=4.12 that liberating hydrochloric acidhen its titrate with standard sodium hydroxides libe-
rating acid equals the number of moles for theraatted formaldehyde. Table 1 explain the reactioture
constituents for sample and blank. The 10mL of 10¢dwdroxylamine hydrochloride was added, solution
should be mixing for 5min then titrate with 0.5Nustlard solution for sodium hydroxide to get pH=41th2
mixture should be left for 25min before pH=4.123rk solution should be treated at the same conditmd
the value of addition , the results can be obtaammmbrding to below relationship[23].

) Blank titate(mL) Samplditrate(ni.)
No.ofactiveprotons ( ) xVNaOH(mLX0.120

Rubeonieveight(g)

(2)

_ Molesof formalinesolution

Molesof Rubeonic
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Where 0.120 refers to the molecular weight by KdémoBlank titrate refers to sodium hydroxide vokim
that ready to turn back pH=4.12 after acid libematin blank and sample solution respectively [24].

Table 1 The mixture reaction constituents whiding for calculating active protons in rubeoniadaci

Reaction mxture | RUA(g) | NaOH(g) | NaHCGQG;(g) | Form. Saution | H,O(mL)
(37g/mL)

Sample 2 0.2 0.2 22 2C

Blank 0 0.2 0.2 22 2C

Where, RUA is rubeonic acid, and Form is Formatlie, blank is hydroxyl amine hydrochloride respesdii.

2. Rate of reaction and activation energy calculating method

Rubeonic acid formaldehyde reaction was achiatelifferent temperature, i.e., 30,40,50, and 60¢%¥pec-
tively for 3hours. Thus, zero time reaction wasoréed in initially addition of the formalin solati. For-
maldehyde concentration can be calculated throbghidaction time at different regulating periodsuking
hydroxylamine hydrochloride, where 5mL of the réacimixture solution was added after 30min thenledo
to 4°C, the mixture is diluted by adding 50mL of tfistilled water at regulating pH=4.12 by usingND hy-
drochloric acid , then 5mL of 10% hydroxylamine hychloride solution added with continuous mixing
where pH value down according to the following dra

NCH,O +H,NOH.HCl— H,CNOH + n HCI + H 3)

Then the reaction mixture titrated with standardutson of 0.5N sodium hydroxide after 5min to get
pH=4.12, formaldehyde concentration was calculatmbrding to the following relationship.

meq of HCI= meq of NaOH = meq of GBI 3

then second order reaction equation was used [25].

L [ABI
[A]O -[B]O  [A]O[B]t

= k(M)t (4)

Where [A} [A]:, the initial and concentration at t time for Aactant and [B] [B]; the initial concentration
and the concentration at t time for reactant B olath respectively, k(T) represent the rate of tigeccon-
stant at absolute temperature T. Especially, kirfatitors can be calculated depending on the abgwation
for this reaction, by plotting equation 4. The ratmstant should be obtained from the slope, tleéimagion
energy (Ea) can be calculated by plotting the \alferate constant against inverse values of atestéum-
perature (1/T) according to equation 1.

Table 2 Indicate to weight percentage for startivegerials in kinetic study

Comp Weight (g) | mol NaOF (g) | NaHCG; (g) Formald(g) | pH Reactivesite

RUA 5 0.042 |2 14 18.F 105 | 4
Where a, b represent active sites in 5g RUA .

In this study reactivity of rubeonic acid was stdlkinetically by lowering of formaldehyde concetivns
that react with rubeonic acid in alkaline mediusrcatalyst at different temperatures i.e.,30,4a%060°C
respectively. Thus, methylol groups were substitdttg protons in amino group for rubeonic acid. Henc
RUA depends on the reactive protons that subdtitoyeformaldehyde , where either increasing or esing
of active hydrogen refers to increasing or decrepiie activity of RUA in this reactions, this facestimate
in Rubeonic acid as shown in Figure 1 and TableRequal to 4 protons per mol respectively. Difdrval-
ues can be obtained from this value in number atioms, where RUA contain four protons like ureavact
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towards formaldehyde. Thus, number of active preiarRUA were calculated by number of formaldehyde
moles that react with RUA at standard conditiorsiasngthat no undesirable reactions happened éikaie
zaro reaction or deficient of formaldehyde duevap®ration to prevent this factors at 60 °C as goutl
maximum temperature for completing the reactiorBfoours with less evaporation of formaldehyde[2®ile
consuming of formaldehyde relative to the time barcalculated according to equation 2 at diffetemtper-
atures this can be shown in Figure 1.

4 —m—conc at 40°C
L —e—conc at 30°C
3.5
—=—conc at 50°C
3 A ——conc at 60°C
EO‘ 2.5 -
£
£ 2 -
2
° 1.5 4
3]
=
8 1
0.5 - n
o T T T 1
o 50 100 150 200

Time(min)

Figure 1 Consuming of formaldehyde with the time at diffgreemperatures.

Figure 1 explain that the concentration of formblgte decrease by the reaction with RUA as timecime
at each one of the temperatures, i.e., the actotems in RUA were substituted by formaldehydeaio me-
thylol groups[23], hence, as temperature incregeconsuming of formaldehyde increase, i.e., dte of
reaction increase, it is cleared at 60°C, duedeasing in the kinetic energy for the reactantemgles (RUA
and formaldehyde).Thus, the rate constant of theti@n between the RUA and formaldehyde can baicalc
late according to equation3. Hence, the slopeusleq the rate constant k. Figure 2 explain theutation of
the rate constant at different temperatures, wtherd® Values in the mentioned figures are refetoatie

1 n [A]t[B]O
[AJ0-[B]O  [AJO[B]t
From the figure below, it concluded that the raiestant increase as temperature increase, theatthef the
reaction also increase as temperature increaséesTakexplain the values of the rate constanttketbove
temperatures.

value

Table 3. The rate constant for the reaction betwebkaonic acid and formaldehyde at different terapee.

k(L/mol.min) Tempeature(°C
0.774 30
1.442: 40
1.753¢ 50
1.962¢ 60
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——302C

R{L/mol)

0 20 40 60 80 100 120 140
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Figure 2 the variation of the concentration of the reactavith the time at different temperature.

The activation energy of the above reaction cacdb®ulated according the Arrhenius equation bytiplgt
the natural algorithm of the rate constant wittpees to the reverse of the absolute temperatutde Zaex-
plains the data that used to the above calculations

Table 4 the data that used to calculate the amivanergy for the above reaction.

k(L/mol.min) | -Ink Tk) | uTx1C (KD
0.774’ 2.17 302 3.3(
1.442: 4.27 312 3.1¢
1.753¢ 5.7¢ 327 3.0¢
1.962¢ 7.12 337 3.0C

Figure 3 explain the Arrhenius plotting. Thus, #otivation energy for the reaction (the slope)jsat to
16.44 kJ/mole and the frequency factor (intercépf equal to 56.51 mih

@~ ca
| L ]

[V}
1

-Ink

o Ll N w =Y
I I I 1

29 3 31 32 33 3.4
1/7x10*-3K-1

Figure 3. Depending the rate constant on the temperatuthdéareaction between formaldehyde and rubeon-
ic acid.
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Theoretical study

In this study the structural and electronic prdgsrof rubeonic acid and its derivatives were itigased by
performing semi-empirical molecular orbital theatythe level of PM3.The semi-empirical method aoadl
on Hyperchem program version 6.0 [24] running diadows 7 workstation with a Pentium IV PC. Geome-
try optimization of the rubeonic acid and its datives were done by performing the semi-empinicalecu-
lar orbital theory at the level PM3 [25] using thesstricted Hartree—Fock (RHF) procedure [26]. Thiak-
Ribier algorithm was used for the optimization [2ZFhe convergence is set to 0.001 kcal.mol.

The optimized structures of rubeonic acid and ésvétives are shown in Figures(4-9). The PM3 gdome
optimizations yield Some of molecular informatidmat the molecules studied are given in Table Hhe
mo and Euwo used to calculate the inhibition efficiency. THécgency used to calculate corrosion rate(CR),
corrosion current density(). ) depending on the calculation of the corrosice then the corrosion current
density for the Carbon steel alloy in absence efitihibitors that equal to 14.47 mpy in near ndutradium ,
the partial charge on N-atoms in the rubeonic éndérivative$ and the free energyG according the fol-
lowing equations[19].

ELUMO =[eff% +31.1831+8.602x EHOMO] x (0.115) )
J = (74.13157- eff%) x (0.119) (6)
AG = (eff% - 84.38198)x (16.45) @)

Table 5 Calculated quantum chemical propertiesRQIA and its derivatives.

Comp Eff%. | lcon CR Total energy | AE Evomo ELumo ) AG

(uA/en?) | (mpy) Kcal/mol (eV) eV eV Kcal/mol
RUA 62.9t | 11.6f 5.3¢€ -22917.5 | 7.00¢ | -9.06¢ |-2.061 | 1.3% | -352.55¢
MRU 62.37 | 11.87 5.4¢€ -33135.0: | 7.02¢ | -8.99C |-1.961 | 1.4C | -362.09
DRU 60.1¢ | 12.57 5.7¢€ -43352.0! | 7.40z | -9.42t | -2.02: | 1.6€ | -398.45:
NDRU | 60.7¢ | 12.3¢ 5.6¢ -4334971 | 7.25¢ | -9.19¢ |-1.94f | 1.5¢ | -388.25!
TRU 59.6: | 12.7( 5.84 -53565.2i | 7.38¢ | -9.25¢ |-1.87F | 1.7% | -407.17(
TERU | 59.41 | 12.7¢ 5.87 -63778.41 | 7.36% | -9.16% |-1.80C | 1.7% | -410.78¢

Where:

RUA=Rubeonic acid.
MRU=Monomethylolrubeonic acid.
DRU=Dimethylolrubeonic acid.
NDRU=N- Dimethylolrubeonic acid.
TRU=Trimethylolrubeonic acid.
TERU=Tetramethylolrubeonic acid.

The structures for the Rubeonic acid and its déviea can be shown in Table 6.
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Figures 4-9 explained the energies levels for RUd iés derivatives:

(b)HOMO interaction. (b)LUMO interaction.
Figure 4. Eqomo and Eumo for RUA.
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(b)HOMO interaction. (b)LUMO interaction.
Figure5. Eqomo and Eumo for MRU.

(b)HOMO interaction. (b)LUMO interaction.
Figure 6. Eqomo and Eywo for DRU.

(b)HOMO interaction. (b)LUMO interaction.
Figure 7. Eqomo and Eymwo for N-DRU.
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(b)HOMO interaction. (b)LUMO interaction.
Figure 8. Eomo and Euymo for TRU.

(b)HOMO interaction. (b)LUMO interaction.

Figure 9. Eqomo and Eywo for TERU.

As Eowmo is often associated with the electron donatindjtalnf the molecule, high values ok are
likely to indicate a tendency of the molecule toai® electrons to appropriate acceptor moleculdsloiv
energy and empty molecular orbital. In Table 5 laixgd that RUA has higher efficiency than othdriin
bitors. It is clear that asByo increases for the RUA compared witholgo for the derivatives, the inhibi-
tion efficiency decrease, the reverse case hapgendlde Eyvo, i.€., increasing the energy gag for the
derivatives compared with this value for RUA redtice efficiency because the activation energy ef th
inhibition increase as the substituted methylolréase, the comparison between NDRU and DRU ex-
plained the efficiency for NDRU is higher than DRIUe to the presence the two methylol groups on the
same N-atom make the adsorption of the O-atomthéotwo methylol groups easily compared with DRU
that the two methylol groups are present in twdedint N-atoms. The negative sign qfolo indicates
that the ability of inhibitor to adsorbed on théoglincreased, and the type adsorption is refenshigsi-
sorption mode[19,28].0n the other hand, the refstiip between the charge on the nitrogen atomhfor t
RUA and its derivatives group and the inhibitidficeency is explained in Table 5. It is clear ththe
charge values are positive each one of the irdriblias efficiency less than 75% , but as generat fle-
crease the value of charge in N-atom toward thetieg corresponding to increase the efficiencyhef t
inhibitor as in Table 5 ,where as increasing thiesttuted methylol groups on N-atom, thevalue de-
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crease, it is obvious when the comparison betweBRW and DRU, where the first is le8sthan the
second because in NDRU the two methylol groupsabstituted on the same N-atom , therlue is less
than in DUR that the two methylol groups are stibstd on two N-atoms, taking into account thedittl
positive value ob referees higher efficiency for the compound canitej hetero atoms compared with the
higher positive value o , because th& value should negative, and the little positiveueabfs is consi-
dered near to the negative value compared withigpeer positive value of th§{19]. Thus, the inhibition
efficiency increased asincreased because it takes part to adsorptitimedhhibitor on the metal surface ,
therefore; RDU has higher efficiency than its daties. On the other hand the lowss value of the cor-
rosion reaction in presence of RDU is less negatiaa theAG values of the derivatives, means that the
corrosion reaction in presence should be less apentis than its derivatives, therefore RDU hasdrigh
ficiency than its derivatives. Hence, NDUR has kigéfficiency than RDU corresponding to the lesmsp
taneous corrosion reaction in presence of NDRU @ewbin case of RDU when tiAé value of the cor-
rosion reaction in presence of RDU compared with value of the corrosion reaction in presence of
NRDU as in the Table.

Conclusions:
There are many conclusions can be summarized el

1. The substitution of methylol group depends on tles@nce of active hydrogen.

2. As temperature increase, the rate of reactiontjitine of reaction decrease due to the reducingdtieaa
tion energy.

3. 60°C and 3 hours, are the better temperature aratt synthesis the substituted methylol groupthen
RUA.

4. Due to presence of hetero atoms in RUA and itsvdévies, they can be evaluated as corrosion irdribit
for metals and alloys.

5. The theoretical studies can give imagining on ttrehition efficiency for each compound , and thkero
of the effect of structure on inhibition efficiency

6. The substitution of methylol groups on RUA leadseaduce the inhibition efficiency due to the steic
fect and isist that N-atoms is the essential atihvattake part to the adsorption on the metal serfthis
can be explained frolMG, AE(the energy gap betweendmo and Euwo), the partial charge on N-
atomsp).

Acknowledgments:

I am gratefully thanks to assist.prof. Ali .J.H fas efforts to explain many information about thee hyper-
chem programs.

References

1. Williams, L,L., Encyclo. Chem. Technology 4" ed.: Kroschwitz, J.I : Howe-Grant, .Eds.; John Wi-
ley & Sons: New York, NY; 1991; Vol.2, pp604-637.

2. Updegraff, I,H., I'Handbook of Adhesives, 3¢ ed: Skeist, I. Ed; Nostrand,Van., Reinhold: New
York, 1990; 341-346.

3. Pizzi, A.,In wood Adhesives : Chemistry and Technology; Pizzi,A., Ed; Marcel Dekker: New York,
1983.

4. Joseph,CRolym.Mate.Encyclo.Vol11l,CRC Press, Inc., 1996, p8497.

260



J. Mater. Environ. ci. 3 (2) (2012) 248-261 Al-Sawaad
ISSN : 2028-2508
CODEN: JMESCN

5.

RBR©X0~NO

= o

13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.
27.
28.

Roger, B., A faster approach to obtaining kineticgmeters Reprinted froAmerican Laboratory
January 1998,p 21

Motani, M.J. Pharm. Soc. Japan, 1952,72, 328.

Slotta, k.; et alChem. Ber, 1930, 63B, 208.

Aumulkar, W.;Chem. Ber, 1952, 85, 760.

Kajimoto, M.,J. Pharmand Chem., 1952, 24, 443.

Schering, A.Chem. Abst., 1953, 47, 1348.

Pathrikar, G.; S Bondge; A Burungale; V BhingolikBringle; R Manglndian J. Chem.,,
2002,41A, 2518.

Zaware,B.H., Mane, R.A., Kuchekar, S.JRurnal of Chemical and pharmaceutical Research,
2009, 1(1): 276-281.

Abdellah, M., A.Helal, E.Corrosion Science, 48 (2006) 1939.

Rodriguiez, L.M., Villamisar, W., Mitnik, D.G.J.Molecular Sructure Theochem. 713 (2005) 65.
Khadom, A.A., Youro, A.S., Al Taie, A.S., H.Kadum,A., Portugaliae Electrochim. Acta, 27
(2009) 699.

Sayos, R., Gonzalez, M., Cosfiayl., Corros. <ci. 45 (2003) 371.

Growocock, F.B.Corros. Sci. 45 (1989) 1003.

Berchmans, L.J, Sivan, V., lyer, S.Wlater. Chem. Phys. 98 (2006) 395.

Al-Sawaad, H.Z.,). Mater. Environ. ci. 2(2) (2011) 128-147.

Peng.W, Barry.A.O,Riedle.B, J.of wood chemistry éexhnology, 12(33)299.(1992)

Hillis, W.E,Ubrach,GJ.Appl.chem.,9, 474,1959.

Ahmed, M., Nazli,S,).chem.Soc.Pakistan,15(1), 21,1993.

Shnawa, H.AM.&c thesis, chem.dept, Sci.college, Basrah.Univ, Basrah 2G@g.
Hypercheme Release WBindows MolecularModeling System, hypercube, Inc. and Autodesk, Inc.
Developed by Hypercube, Inc.

Stewart, J.J.PJ. Comput. Chem. 10 (1989) 209.

Roothman, C.CJ. ,Rev. Mod. Phys. 23 (1951) 69.

Fletcher , P.Practical Method of Optimization, Wiley, New York,1990.

Allam, N.K., Appl. Surf. &ci., 253 (2007) 4570.

(2012)www.jmaterenvironsci.com

261



