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Abstract

Organic compounds receive from industries as effluents are highly toxic and hazardous for the environment. Conven-
tional oxidation process for the oxidation of organic compounds through use of N-bromophthalimide (NBP) is one of
the significant process for conversion of organic compounds into environmental friendly or less harmful substances. The
main scenario of this review is oxidation and kinetics of different organic compounds by NBP with different experimental
methods—iodometric and potentiometric along with uncatalyzed, and catalyzed system. In addition to this we also sum-
marize synthesis, properties and reactive species of NBP. Oxidation products obtained by oxidation of various organic
compounds by NBP were acetic acid, aldehyde, carbon dioxide, ammonia, cyanide, aldonic acid etc. Present review, first
time offers all aspects of NBP as an oxidizing agent for oxidation of organic compounds.
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Abbreviations compounds present in environment is of immense impor-
NBP N-Bromophthalimide tance and there are several oxidants reported for degrada-
NBS N-Bromosuccinimide tion processes [1-3]. With the passage of time, detailed
NBA N-Bromoacetamide study of the kinetics and mechanism of redox reaction has
TP Tetrapeptide draw much attention, and mechanisms of various oxida-
AA Amino acid tion reactions have been neatly explained [4, 5]. Among
Gly Glycine various oxidants, N-halocompounds broadly used as
BAT Bromamine-T powerful oxidizing agent in both catalyzed [6-8], and un-

SDS Sodium dodecylsulphate
CTAB Cetyltrimethylammonium bromide
Alanine Ala

catalyzed reactions [9-11]. These are also the source of
halogen and act as halogenating agent [12]. It has great
properties sometimes it behaves like a base, nucleophile,
hypohalite species etc. [13, 14].

Oxidation of ketones [15, 16], b-arabinose and mannose
[17], reducing sugar [18] by NBA were reported. While,
Singh et al. [19] reported that the reaction followed frac-

1 Introduction

Organic compounds contain mainly carbon, and hydrogen
as the backbone of the structure. It also consist some other
elements, i.e. oxygen, nitrogen, sulphur etc. and its oxida-
tion are carried out by either addition of oxygen or loss
of electron. It includes remediation of pollutants or com-
bustion process. Nowadays, study of oxidation of organic

tional order dependence on [NBA], first order on [Ru(lll)],
zero order on [glycerol and glycol] and positive effect
of [H*] was observed. Mathiyalagan and Sridharan [20]
studied the kinetics of oxidation of benzyl ether by NBS.
The reaction followed first order kinetics with respect to
both [NBS] and [benzyl ether]. There are several reports
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also available in the literature on the oxidation of organic
compound by NBS [21, 22]. Gowda et al. studied the oxida-
tion of hydrophobic tetrapeptide [TP] sequences of elas-
tin. The reaction was followed identical kinetics, first order
each in [NBS], [AA] and [TP], no effect on the rate of [H"]
was observed [23]. Tiwari et al. [24] studied the kinetics
and mechanism of the oxidation of Gly by NBS. Reaction
followed first order kinetics on both [NBS] and [Gly] and
inverse first order on [H*].

Oxidation of different organic compounds by N-chlo-
robenzenesulphonamide [25], bromate [26], diperiodaton-
ickelate [27], have been also reported. NBP is also among
one of N-haloimides, as an oxidizing compound.

2 Synthesis of NBP

Initial molecule for the synthesis of NBP is phthalimide,
(7.36 g, 50.0 mmol, 1.0 eq), Na,CO; (3.98 g, 37.6 mmol,
0.75 eq), and KBr (5.95 g, 50.0 mmol, 1.0 eq) were mixed
in a 500 ml round bottom flask followed by addition of
doubly distilled water (200 ml). Then flask was cooled on
an ice water bath for 10 min, afterward potassium per-
oxymonosulfate (30.8 g, 50.1 mmol, 1.0 eq) drape in 75 ml
water, with an intense stirring (700 rpm), for 10 min. Next
the addition of the oxidant resulted in intense liberation
of bromine gas, and thus the flask was capped with a glass
stopper between additions. The mixture rapidly turned
into an orange lather suspension with visible bromine gas
above it. The suspension was kept for continuous 24 h stir-
ring, at which point it had become a yellow solution with
a white precipitate. Stirring was continued another 24 h,
until the solution above the precipitate was almost clear.
The suspension was filtered on a Blichner-funnel and the
filter cake sucked dry for a period of 30 min. The white
precipitate was dissolved in boiling toluene (150 ml), hot
filtered into a beaker and left to cool slowly to ambient
temperature, covered with an aluminum foil. Lastly, upon
reaching ambient temperature, precipitation had begun
and the beaker was placed in a refrigerator at 4 °C for a
period of 17 h, before filtering the precipitate on a Buch-
ner-funnel. The filter cake was washed with n-pentane
(30 ml) to give 6.52 g (57%) of small white crystals. The
mother liquor was concentrated, filtered and the filter cake
washed with toluene, and n-pentane. And it was grind
with mortar to obtain fine powder of NBP [28].

3 Properties of NBP

(@) Itis turbulent in front of sun light but stable when
placed in dark. Because it shows photochemical activ-
ity and get auto degrade in the presence of light [29].
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(b) Itis sparingly soluble in water but easily soluble in
organic solvent i.e. acetic acid, acetonitrile etc. [30].

(c) After oxidation it generally oxidized into phthalim-
ide which is non-toxic compound and sometime its
reaction with organic compounds give carbonyl and
cyanide compounds [31, 32].

(d) It contains very polar N-Br bond, so it easily relieve
bromine ion for bromination [33] (Fig. 1).

(e) It has different oxidizing species in acidic and basic
medium, so it oxidized various organic compounds
[34, 35].

4 Reactive species of NBP

N-bromophthalimide was known as powerful oxidizing,
and brominating agent. There are five possible reactive
species of NBP is reported i.e. free NBP, protonated NBP,
Br*, HOBr, (H,OBr)* [82-85], as per the following equilibria:

NBP + H,0 = HOBr + NHP (1)
NBP + H* = NHP + Br* 2)
NBP + H* = (NBPH)* (3)
HOBr + H* = (H,0Br)” @)

Selection of reactive species of NBP was mainly depend
on kinetic behavior of medium (acid/base), and phthal-
imide. Reactive species, leads to a rate law capable of
explaining all the kinetics observations and other effects.
If phthalimide only showed negative effect on reaction
kinetics then HOBr will be possible reactive species (Eq. 1).
And acid (H*) shows first order and phthalimide has nega-
tive effect, than possible reactive species for the reaction
will be Br* (Eq. 2). If phthalimide did not show any effect
and acid followed positive fractional order then NBP or
protonated NBP will be reactive species for the oxidation
process (Egs. 3, 4).

Fig. 1 Structure of N-bromophthalimide
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5 Overview of earlier work done

NBP has very polar N-Br bond which easily relive bromine
for bromination reaction and easily oxidized organic
compounds, it is unstable in the presence of sunlight.
Researcher managed to set oxidation of organic com-
pounds brick by brick and crafting a formidable pathway
from un-catalyzed to catalyzed (transition metal ions and
surfactants) oxidation process, and we summarize all
report below.

5.1 Oxidation of organic compounds by NBP
(uncatalyzed)

As we already know that un-catalyzed reaction required
more activation energy to react together. Various reports
available in literature for un-catalyzed oxidation of organic
compound [36, 37]. It needs more time and energy to
complete the reaction, so ultimately increases the cost of
the reactions. We found only few reports for oxidation of
organic compounds by NBP, e.g. Benzhydrols [38], aspirin
[39], substituted oxo-butonic acids [40] in acidic medium.

5.2 Oxidation of organic compounds by NBP
(surfactant catalyzed)

Surfactants act as catalyst by making micelles when dis-
solved in water [41]. It aggregates above certain concen-
tration called critical micelle concentration (CMC) to form
micelles. And shapes of micelles i.e. rod like, spherical, bi-
layers, reverse are responsible for its catalytic activity. Each
surfactant has its specific CMC value i.e. CTAB=8x107*
mol/l, SDS=8x 1073 mol/l. It has both hydrophobic and
hydrophilic portion. The rate of reaction has been altered
by adding surfactants; it can either increase or decrease
the rate of reaction. There are two types of surfactants i.e.
cationic and anionic. So, micellar catalyzed reactions have
evinced prodigious interest because of their application in
many industrial processes. It has some other application
like wetting agents, solubilizers, preservatives etc. Nor-
mally catalytic activity of the substances is depends on its
reaction with substrate, nature of oxidant and conditions
(Table 1). Various literature available for micellar catalyzed
oxidation of organic compounds with different oxidant,
such as chloramines-T, NBS, NBP etc. [42-44].

5.3 Oxidation of organic compound by NBP
(transition metal ions catalyzed)

As we all know that transition metal ions have incom-
pletely filled d-orbital, and it easily form one or more

stable ions. And have variable oxidation state. As catalyst
mainly platinum group among transition metal ions are
selected i.e. ruthenium(lll), iridium(lll), palladium(ll) etc.
[70]. It is the key material for various industrial processes
and can be recycled with less energy and time [71-75].
By literature, we found several articles on the oxidation of
several organic compounds NBP in transition metal cata-
lyzed system in acidic and alkaline medium, i.e., p-glucose
[76, 771, o-fructose [78], glycine [79, 80], valine [81-83],
B-alanine [84], leucine [85], b-arabinose [86].

Overall, it can be said that oxidation efficiency of NBP
can be increased up by the used up of catalyst. And from
above table, it is very clearly understand that N-bromoph-
thalimide is act as active oxidant for the oxidation of
organic-inorganic compounds, but still this needs more
attention to use as an oxidant. In light of the available
information, and of our continued interest in the chemis-
try of N-bromophthalimide, the potential applications of
these compounds still remain largely untouched as evi-
dent by the scant information available in the literature.

6 Factors affecting oxidation of organic
compounds by NBP

6.1 Temperature

The rate of a reaction always increases on increasing tem-
perature, irrespective of the reaction being endothermic
or exothermic, because of an increase in the number of
activated molecules. In general, the rate of a reaction is
doubled on increase in temperature by ten degrees. An
examination of the rate expression in the form

Reaction rate = Rate constant x (Reactant concentration)°™’

It shows that the rate constant is a temperature depend-
ent term, but reactants concentrations and the reaction
order are eventually not affected by temperature. Thus,
rate constant is independent of reactant concentration, it
varies with temperature. The activation energy for a reac-
tion is experimentally determined through the Arrehenius
equation and Eyring equation.

6.2 Catalyst

Activating effect of certain substance exert a special catalytic
force upon the reactants, but in simple manner, catalysis is
the process in which alter the rate of a chemical reaction
is increased by means of a chemical substances known as
a catalyst or a substance that modifies the transition state
to lower the activation energy. Unlike other reagents that
participate in the chemical reaction, a catalyst is not con-
sumed. Thus, the catalyst may participate in multiple

SN Applied Sciences

A SPRINGER NATURE journal



SN Applied Sciences (2019) 1:98 | https://doi.org/10.1007/542452-018-0100-1

Review Paper

[csl

[Ls]

[os]

(6¥]

[8t]

[L¥]

[or]

[st]

apiueAd |Ay1aw sem uofdeal 3y} Jo 1onpoud uoepixo
ulew pue anjea payiodal uey3 19Mo| aJe sanjeA DD ‘AIdojeA
UoI3De31 UO 1233 AloqIyul pey apiwijeyiyd jIym 15949
juedyIUBIS OU PeY WNIPaW Y3 JO Y3Bualls d1uol pue a)eade
suNdIBW ‘AjPA1dadsal [, H] pue [suluele] ‘[dgN] 104 J19pio [euol}
-DBJ§ 9SIIAU| PUE [_UOIIDRIS ‘}ISIL PIMO||O) UOIIIRDI JO )Rl YL
9pAysp|e se payiauapl sem
3onpoid uolIepPIXO Ulew pue palinbai sem dgN JO [ow | dudN3|
JO [OW | JO UOIIBPIXO 10} 1y} PIMOYS Ol1eJ D11IWOIYDIOIS puy
‘[p1oe] uo puadap JapJo |euoiidely dAleBaU pue [auPN3|] ‘[ddN]
01 309dSaJ YUM SD133UI] J9PIO ISIY PIMO||0) SO1IDUIY UOIIdeSY
uoloeal
Y3 J0 12npo.d UOIIRPIXO UleW By} Se PaYIUSPI sem HOODEHD
‘Pasea’dul uoildeal Yy Jo el [_ig] pue [_|D] ‘sl 1ey3 ‘syjes
S1uebioul 9y} JO UORIPPY “JURISUOD }SOW e SWed3 } ‘Uol}
-BJJUSDUOD 2y Bulseadul J9Y1Ing UO ‘SUOIIRIIUSDUOD g1 D) Ul
9SeaIdUI YHM PIseaIddp Jueisuod aiel siy3 Head buiuieiie Jaye
pue gy1D JO uol3eIIuUSdU0D Hulsealdul Yim paseaidul 1siy Juels
-U0D 31eJ dY] "WINIPSW Sy} JO JURISUOD DLIDS|IIP Ul 3SeIDUl
YlIM pasealdap uoldeal ayi Jo a3el ay] [, H] 9y 03 10adsal
Yum |euolidely aaiisod pue 3siy si (dgN) 3uepixo pue (apAy
-9p|e19de) 91e4Isgns 03 199dsal Ylm UOI1deal Y} JO J9pIo 3y L
UOI1BPIXO UO 1233 9A13e63U dARY S3|[221W dIUOIUY “A|9AI}
-29dsal ‘pIde dlNYNS pue ‘9s03de| dgN Ul S133Uly Joplo-|euoiy
-deJy 9A1leHAU puUe ‘[eUOIIDR ISIY PIMO||0) UOIIDEDI JO d)eYy
palenjeas os|e
uaaq pey gyl) Jo duasqe pue 3dudsaid uj siveweled uon
-BAI}DR SNOLIRA Y] UOIDR3I 9Y3 pazh|eied AjaAiisod gyl D 'pioe
uo d>uapuadap JapPIO [rUOIIDRI) dAIRBAU pue ‘[BuIsA|-1] pue
[dgN] Yy30q uo ssuspuadap JopJo 1siy PAUGIYXS U1 3y
9]kJ UOI1DB3J BY) U0 103)49 ou pey apiwijeyiyd 1jes °[,H] pue
‘[BUIU0a1Y3-1] ‘[dgN] UO J2pJ0 |euolidely dA13eBaU pue ‘|euoiy
-DelJj ‘}SIL POMO||O4 UOIIDRI JO D)RJ Jey) Pajeanal Apnis d1iauly|
109449 Juedylubis Aue aAey Jou pIp wnipaw
9Y3 jJo Yy1buaa1s djuol pue apiwijeyiyd ‘a3e1aoe dUNJISW pappe
3|IYM ‘PIdE 10§ [BUOIIDRI) BSIDAUI PUR DULISS UO JISPIO [eUOl}
-del) ‘dgN uo sduspuadap JapJo 1Sl Sem UOoIIdeal JO d1el Y|
95041X3P JO |OW | JO uollepIXo 913|dwod
104 21inba1 sem dgN JO S|OW SUO PSMOYS Ol3eJ J111DWOIYDI01S
*[.H] UO JSPJO [RUOIIDRI) BSIDAUI PUE [95041X9P] UO |eUOIIDRI)
‘[dgN] uo S3uspuadsp JSPIO 1SIY PIMO]||O4 UOIIDRI JO Dkl BY |

(INg_0LXS) WiNipaw dIpide Ul Y 80€ 18 (01X L'8) WlsAs pazAje
-}e> Je|[321W Ul (I,_0LXS) dgN Aq 3ZIpIXO sem (N, _0LX1) ulueje-1

$s920.d UONEPIXO 3Y} 404 PasN W, 0L X+ =[gV1D] ‘W
¢ 0L X L=[3uPna] ‘W,_0LX L =[dgN] pue ) 80¢€ 1e g¥1D 3[a31w
1uo13ed J0o ddudsald aY3 Ul dgN AQ PZIPIXO USIQ pey SUIPNI|-1

3 80€ 1B Wa1sAs pazA|eed o||3d1w dluoled Jo 3duasald
93 Ul dgN Aq 9zIpIxo sem apAyap|erade punodwod duebiQ
uonIpuod J3pIo
151y opnasd Japun wnipauw pide ul dgN aYi Aq gv11/5As PazA|
-ejedun pue pazA|eled sy} ul PaIpnis a19Mm 350318| JO UOIePIXO

9y} uo
gV.1D JueIdeLNS J1UOolIed JO 9dudsald 3yl Ul Y 8OE 18 palpniIs
uaaq pey (daN) apiwijeyiydowoig-N Aq suisA|-1j0 uonepixo

M 80€ Ul WS3sAs Je||ad1w Ul gy1D
J0 9>udsaid 3y} Ul INO PALLIED U] PeY SUIUOIY}-1JO UOIIBPIXO

W¢-0L X €'8=[SAS] ‘W S00°0=[,H] ‘W¢_0L X L=[aul
-195] ‘W ,_0 1 X L = [dgN] Ym ‘Wwinipaw pide duojydaad ury 80€
1e 5as Buisn waisAs Je|[2d1W Ul 3IN0 PaLILRD USSq pey uoldesy

jueIdRMNS JO
9>udsqe pue 25udsaid ay3 Ul dgN Ad SzIpIxo uaaq pey s013xad

suuely-1 g

aupPN3-T £

apAyapleydy 9

9501087 S

QuIsA1-1 ¢

auluoalyl-1 ¢

auMds1a T

9s5011Xa( L

S9duUals)ay

S}|nsay

SUOI}PUOD UOI1DeaY

(9ea35gns) spunodwod djuebiQ ‘ON

dgN Ag spunodwod d1uebio Jo uolepIxo pazA|eled syueldeyuns | ajqer

A SPRINGERNATURE journal

SN Applied Sciences



Review Paper

SN Applied Sciences (2019) 1:98 | https://doi.org/10.1007/542452-018-0100-1

PIDE d1{BW JO UOIBPIXO UO 199443 Buniqiyul pey
$AS pue ‘uondeal pazkjeled Ajway gyid ‘[pIde] Jo JapIo [euoly

SN Applied Sciences

-Dklj 3SI9AUI pue [pide dljewl] JO J3PIO [euoiidel) TauepixQ] o3 We-01X8=[SASI ‘W, -0LX6=[9VLD] "1 s3|[o1W Ul Y €L €
[8G] 309dSaJ YHM SD13BUIY JDPIO ISIY PIMO]||O} PIDE dljew JO UOIIePIXO e palpnis uaaq pey ddN Aq pIde dijew 4o S132Uly UOoePIXO pedlew 1L
apiuek) |Ays se Ajiauspl sem
1onpo.d uoilepIXo ule|y ‘K}D0[9A UOIIPIXO UO 12343 OU pey
winipaw ay} Jo Yyibuauis djuol ul abueyd e seasaym ‘uoijdeal
JO 9)eJ Y3 PAseaIdU| IpIW0Id 1 SPLOIYD "' S}jes djuebioul
pue [¢(2y0)BH] Buiseaidu| "30ays aaisod pey gyl "uoldeal
JO 91eJ Y3 S9SEDIDDP JUDA|OS JO UOIHPPE 3IYM ‘[pIoe] Jo JapIo pIoe J13908 9405 YIM
[euoiydely 3sIaAUL pue [e]y] JO J3pIO euoiidely ‘auepixQ] o3 M €LE 3 JuedRUNS (N, 0LX8'6) V1D ddussaid sy ul ) €1€
[£G]  193dsai YUM JSpPIO 1SIL PAMO[|0) SUIUE|R JO UOIIePIXO JO SOII8Uly| 18 (N,-0LXL) daN Aq paziIpixo usaq pey (N¢_0LX1) dulueje-g auluely-g €1
SpIXOIp uogied pue 3pAYap|eISde JO UOIIRWIO) PIMOYS 1S9}
sisAjeue 3onpoud ‘ssax04d uollepIxo ay3 pazAjeied Ajwiy gyld (W,_0LX6) gV1D
‘AleAIdadsai [ H] pue [pioe d13de|] ‘[ddN] 404 Japio [euoidely  Aq pazh|eled (N0 LXS) WNIpaw dIpIde uly gLg 1e palpnis ussq
[96]  9SISAUI pue [EUOIDRI ‘ISIY PAMO||O4 PIDE D13R] JO APN)s d1IaUIY  PeyY (,-0LXZ) dAN Ad (W,_0LXE) PIde D13De] JO SI133Uly UOIEPIXO ppesnoe] 71
pasodoid usaq pey suoiade Jo uol}
-ePIXO0 3y} 1O} WISIURYISW B }|NSS1 SA0QE WO PUY "Paien|end ‘We_0L X €=[au0}
0s|e sem JuesU0d Buipuiq 39343 3AI}ISOd pey wnipaw 3y} Jo -9D€] JO UOIePIX0 3Y3 40} paiinbal N, 0L X Z=[dgN] pue
y1bua.1s d1uoj 1939 Juedyiubis ou pey sgs pue ‘uoldeal Jo ‘POYISW UOIIRUIWLISIDP D1IBWOPOI AQ UOIIPUOD JSPIO
91el 3y} paduanpul A|pAIsod gy1D ‘[duoisde] g [dgN] uo aoua 3514 opnasd Japun “y 8OE e S3[|221W DJUOIUR pUE dJUOIIRD
[GS] -puadap Jap.o |euolIdRI PUR JSPIO 1SILY PIMOYS UOIIDeDI JO d)eYy 4109 J0 dUsaid Y3 Ul SUOP U PeY SU03IIIE JO UOIRPIXO QUODY |1
19npoJd UOIIePIXO PUNO) SeM
apAyap|eAxoipAy pue [03A|6 su3AY1aIp JO [OW | JO UOIIBPIXO
919|dw0d 3y} 404 palinbai dgN 4O oW | 1By} pamoys sisk|eue
51113WOIY>103s pue ‘|0dA|6 dud|Ay3IaIp UOIIRPIXO JO diel 3y} ploe di3ade
95e3I0Ul §Y1D 12349 OU pey d)e1dde dUNdISW pue apiwieyyd %0TZ ¥ W, 0L X L=[ H] ‘We-0L X L =[9VLD] ‘W,-0L XZ=[d9NI]
‘BIIYM "[,H] pue ‘[|034|6 aus|Ay3a1p] [ddN] 104 J9pI0 [euony ‘W01 X #=[]03A|5 [AY331p] YyuMm gV LD 31 JueIdRLINS dlUoI}ed
sl -del) 9A11eHIU pue ‘[euolIdR.y ‘ISILY PIMO[|O) SJ11DUIY UOIIDeY 40 ddudsaid 9y ul dgN Aq 9zipixo sem |024|6 auajAyisiq 102416 auajAyLeiq 0L
‘uoljerien ainjesadway Jo siseq
9Y3 UO pa1e|Nd|ed Usaq pey sis1dweled UolleAlDR SNOLIeA
pue jueldeyIns Jo 304 di3A|eled Joj paljdde uaaq sey [apow
su1ziag ‘AjoAndadsai [ H] pue [ssouuew] ‘[dgN] JopJo aAnebau
9SI9AUI pUE ‘[eUOIDRIS “ISIY PIMO]|0} SIIIDUIY UOIIBPIXQ “Uol} M €LE 1 wsAs (gv1D
-Je3l JO 31kl 3y} pJeial SJS pue ‘uolideal Jo el ay) adueyus ‘S@s) pazA|eied Je||9d1w Ul winipaw pide dunydins ul (W,-01X2)
[es] 4V1D 1_Yl PaPN[OUO0D SeM 3 PauUleIqo Blep DI3duly 943} Wol daN £q N0 palIIed sem (I, _0LXS) dSOuUURW JO UOIEPIXO souuepy 6
EERIVEIETEN| s)nsay SUOIHPUOD UOoI1deaY (91es35gNns) spunodwod djuebip ON

(panunuod) | a|qey

A SPRINGERNATURE journal



SN Applied Sciences (2019) 1:98 | https://doi.org/10.1007/542452-018-0100-1

Review Paper

(9]

[¥9]

[€9]

[c9]

[L9]

[09]

(6S]

"109y49 aAnebau pey spiwiieyiyd
pue 91L132€ J1INJJSW PUY "UOIIDLII JO Sk BY) PIsea.dUl gD
J0 uonippy ‘A|9Andadsal [95041xap] pue [dgN] 031 129dsa1 yum

‘S3133UIY JOPIO-[RUOI1DRI) PUEB ISPIO 1SIL PIMO||O) UOI1DeDI Y|
pasodoud uasq pey wsiueydsw 3|qisne|d
e S)|NsaJ JO siseq 9y} UO puy "d)eJ 3y} paseasdul AjpAnisod
pue ‘ainjelall] 8yl ul paliodal 950Y) UeY) JI2MO| 3q O} PUNO)
SeM gy/1D JO UOI1eIIUSOUOD 3||3d1W [ed11LD pue A|3Adadsal
[HI] [p1oe 211024|6] ‘[d9N] 01 193dSal Ylm $Iapio [euoidely
9SI9AUI pUE [eUOI1DR) ‘IS PIMO]|0) SD11BUIY UOIIRPIXO 3y |
pasodoud usaq sey wsiueydaw a|qisne|d e psule}qo synsal
JO siseq ayj uo pue [, H] pue [Juepixo] ‘[pioe dijexQ] JapJo |euon
-deJy 9A11eHIU pue 151y ‘[RUOIIDRI) PIMO]|O) UOIIDRI JO 911 3y
dgN jo sa1ads
9AI11De31 3Y] SeM , (HAFGN) Pue ‘Uollepixo JO a31el Uo 10319 3|q
-161163u pey apiwijeyiyd pue a1e1ade dlndisw pue sgs o3 sled
-wod se auouaydolade pazipixo A|Buolls gyl 9||931w dluoied
P12 JLS JO oW | jo uohy
-epIXo 3y} Joj pasinbai dgN Jo |ow | 1ey) pajeanal sisAjeue du
-}WOIYDI0)S PUE pIde D1|AX0gIedIP SUOISdE SeM UOI1DeaI By} JO
1onpoud uonepixo utew syl ‘AjpAnsadsal [pioe dud] [dgN] uo
9ouspuadap JSPIO [BUOIIDRI 3 1SIL PIMO]|O) SIIIDUIY UOIRPIXO
'suol}deal sy} Jo 1onpoud uoljepixo ayl
Se punoy sem NDH ‘A}20]9A UOIIBPIXO UO 13313 OU pey wnipaw
9y3 Jo y1buauis d1uol ur abueyd e sealaym ‘uoideal Jo ajel Yl
pasealdul uol apiwolg pue ¢(dyQ)bH Buiseasdul ajiypn ‘uoldeal
4O 31eJ 343 U0 1033 Juedyiubis ou pey spiwijeyiyd jo uon
-Ippe ay] ‘[ H] pue [audA|6] uo Jspio-[euondel) pue [dgN] uo
95uspuadap JapJ0-1SiY SABY O] PUNOJ SEM UOI1Deal JO )kl 3y |
"uonoeal Jo
91e4 9y} Ul 9bueyd Juedyiubis Aue 3noge Hulig Jou pip wnipaw
ay3 4o (rl) yabuans s1uol pue [<(2¥O)BH] Jo uoneltep ‘[gyL>] ul
9sealdul 9AIssa1b0id e YA\ ‘uoIeLieA pjojus) s) Inoybnouyy
pa10u a19Mm [apiwijeyiyd] pue [,H] Ul J9pJO [BUOIIIRL) SSIDAU|
*SUOI1RIIUDIUOD J3YBIY S)I 1B JI9PIO 04SZ B SPIEMO) SPUS) SUOI}
-BJJUSDUOD JIMO] B SPIDe AXOIPAY Ul SD138UD] JSPIO 151y Y}
1By} 91ed1pul S1NSaJ SJ13BUI 3y "spide AxoipAy y1oq Jo uon
-epIXO0 3Y} Ul PAAIDSCO SeM dgN 03 13dsal YlM $D132uly J9plo
15414 "V < YL :J9PJ0 93 Ul 9 0} punoj sem spide AxoipAy jo
UOI1ePIXO JO )B4 Y] JUPIIBLINS JO 9DUSSAE U} Ul UBY] J9)Sey
s gy1D Jo dduasaid ay) ul dgN Aq VA pue Y1 JO UoIepIXo 3y

(24n3
-esadway yb1y) y £1€ 18 WIsAs Jejj@d1w pazkjeled (g 0LxL)
VLD Ul (W,-0LXZ) d9N Aq 3ZIpIXO0 sem (N, 0LXS) 3s041xeq

M 8LE ¥ gyl S3[|221W dIuo
-11ed Ag pazA|eied wa1sAs Je||adiw Ul PazIPIX0 Sem pide d1j0dA|D

WI9)SAS Je[|ad1w ul gyl D JUeIDeMNS djuolied Aq pazh|
-e3ed pue Y 8OE 18 PaIPNIs sem ddN Aq pide d1jexo Jo uoiepIxQ

W¢-01 X €'8=[SAS] ‘W,-0L X8'6=[9VLD] pue ) 80¢
3B JUB}DRYINS DJUOIUR PUE DIUOIIED JUSISYIP OM) JO 9dudsaid
3y} Ul A]|e21439WOopol palpNnls sem aUouaydolade Jo UoiepIXO

N 80€ 1 (N, -0 LX6)
VLD YHM (W,_0LXT) daN Aq SZIPIXO sem (,_0L X Z) PIde LD

uolHpuOd
13pJo 351y opnasd Japun y §OE 18 P3IPN3s sem (W, 0LXL) daN
Aq (W,,_01XS) 3UA|6 Jo uonepxo pazA[eied (N _0LXL'8) SAS

‘wnipaw pide du

-0|yd4ad ur Y £1€ 18 (W, 01X6) g¥LD d>uasaid 3y Ul (N, 0LXZ)
daN £q Buizipixo 319m {IN¢_0LXS = [,H] ‘W,_01XS £ =[*(OVO)BH]
‘W,_0LXg =[p1de dijew]} pe dijew pue {, 0LX| =[,H]

3s5041x2(

p1oe 1102419

pIde dijexQ

suouaydoyady

pI2e DL

QUPAID

“We_01X1 = [*(O¥O)BH] ‘W,_0 LXE = [pIde dlieliel]} pioe dlieyiel  (pIde dijew g dlielie)) spide AXOIpAH

LT

9¢

6l

8l

L1

o9l

Sl

REBISEIETEN]

S}|nsay

SUOI}PUOD UOIDeaY

(93es35gNnS) spunodwod djuebiQ ‘ON

(panunuod) | a|qey

A SPRINGERNATURE journal

SN Applied Sciences



Review Paper

SN Applied Sciences

A SPRINGERNATURE journal

SN Applied Sciences (2019) 1:98 | https://doi.org/10.1007/542452-018-0100-1

pioe djuop|e sem 3npoid uolepIXo Jofew

pue z:| 9501oNnSs pue dgN J0j Ol3eJ D[31J3WOIYDI0}s pue d3eiade ssa>0.d uonepixo
S1INDISW JO 123943 OU SI 313y} ‘[25040Nns-a] ‘[dgN] 03 199dsa1 yym Y3 Joj SUORIPUOD UOIDRRI BY} 3R Y 8OE 18 W,_0L X 0'L =[SdS]
[69] $2132UP| 3P0 [BUOIIIRY ISIY PIMOYS 9S0IONS-T JO UORRPIXD ‘W ¢ 0L X T L =[gVLD] ‘W 0L X L =[35015ns-a] ‘W ,_0L X T =[dEN] asonons-a |

pauieiqo synsal
[|e urejdxa 03 asodoid sem wsiUBYIDW S|qeHNS B pue UOo[}deal
JO 91kl 33 Pasealdap SJS pue sasealdul gyld d[Iym d3e3ade du
-NJJ3W 4O 1233 OU S| 243y} ‘[9503oN4)-a] ‘[dgN] 03 399dsa1 YUM  35031DN14-a JO UOIEPIXO 3Y3 40} PIsN Y €0€ 38 W01 X £'8=[5as]
[89] $119UDY| JPIO [BUONDRIJ ‘ISIL PIMOYS 3501NIJ-0 JO UOHEBPIXO ‘I ,-0L X T6=[9VLD] ‘W,_0L X 7=[3501on4-a] ‘W ,_0L X Z = [dgN] 9501oNJ)-0 O
"ND-°HD-HOOD punoj sem 3pnpoJid UoIepIXO Ul
*UOI1De3I JO )B4 Y} PASeIIIP Sey SpIWI[eyiyd JO uoHppe
INQ 91eJ UOIIL3I U0 10343 Juedylubis ou pey a3e1ade d1ndiaw
pue wnipaw ay3 o ‘Y16ua11s J1UO| ‘UOI SPLIO|YD JO 12317 “[,H]
Uo 3dU3PUIIP JSPIO [BUOIIDRIY BSISAUL PUE [pIde dljiedse]
uo adUspUAdaP JBPIO [euOIIdRY ‘[dgN] UO ddudpuUadap S| winipaw dIpIde Ul SJS UedeLINS djuoiue Jo 3duasald ayy
[£9] -}2UIY J9PI0-1SIL MOJ||O) O} PUNOJ SEM UOIIDeSI JO d)ed Y| U1 80€ 1€ IN0 paliIed Udq pey pide dijiedse-1q JO UOIRPIXO pededse-1a 62
pajen|ens osje uaaq
dAeY si9}oweled UOIIBAIIDR SNOLIBA “UOI}DRAI JO )Rl 3} SpIR)aI
JdD PalIpnis usaq sey (DdD) pHojyd> wniuipuAdiA1ad Jueidey
-INS DJUOIILD JO 123443 Y "WNIPAW Sy} JO JURISUOD D1II|3IP

Ul 95B2IDUI UR UY}IM Pasealdap uoljdeal jo alel ay] ‘[, H] pue ) 80€ e wnipaw

‘[dgN] ‘[25030e|eb] 01 30adsal yum JapIo |euolldel) dAehau dIpIde Ul (DdD) apHo|yd wnjuipuAd|A1a Jueldens djuoied
[99] pue ‘}siy ‘|euol}del) pamoys 3s03de|eb Jo SO132UD] UoIRPIXO J0 2oudsaid ay3 Ul dUop UIaq pey dso3dejeb Jo uoiepIXO asopeen  gg
S9DUIDYRY s} nsay SUOI}IPUOD UOo[}DeY (93es35gNnS) spunodwod djuebiQ ‘ON

(panunuod) | a|qey



Review Paper

SN Applied Sciences (2019) 1:98 | https://doi.org/10.1007/542452-018-0100-1

chemical transformations, although in practice, catalysts
are sometimes consumed in secondary processes. The cata-
lyst increases rate of reaction by providing a different reac-
tion mechanism to occur with lower activation energy. But
sometime it decreased the rate of reaction. In present review
transition metal ions and surfactants (CTAB, SDS) were use
as catalyst, where anionic surfactants sometime retard the
rate of reaction.

6.3 lonic strength

The ionic strength (I), refer to the strength of electric field in
the solution according to the theory of Bronsted and Bjer-
rum [87], which postulates the reaction through the forma-
tion of an activated complex. According to this theory, the
effect of ionic strength on the rate for a reaction involving
two ions:

logk = logk, + 1.02 Z,Z,'/2.

where Z, and Z are the valency of the ions Aand B, kand
ko are the rate constant in the presence and absence of
the added electrolyte respectively. A plot of log k against
1”2 should be linear with a slope of 1.02 Z,Z;. If Z,Z; have
similar signs, the quantity Z,Z; are positive, and the rate
increases with the ionic strength having positive slope,
while if the ions have dissimilar charges, the quantity Z,Z,
are negative and the rate would decrease with increase in
ionic strength, having negative slope.

6.4 Effect of dielectric constant

For the study of dielectric constant of the medium, various
solvent i.e. acetic acid and acetonitrile etc. were generally
used in different percentage (%). The effect of dielectric
constant of the medium on the rate constant of a reaction
between two ions has been described by the well known
equation given below

Z,ZgeN

logk = logk, — —A%B® Y 1
9 9% = 3303(@ne)d,GRT - D

where k,, is the rate constant in a medium of infinite dielec-
tric constant, Z, and Z; are the charges of reacting ion,
d,g refers to the size of activated complex, T is absolute
temperature and D is dielectric constant of the medium.
This equation shows that if a plot is made between log k
versus 1/D, a straight line and—Z,7Z; and €2N/2.303(4m€o)
dagRT will be equal to slope. And with help of this equation
we can also calculate the size of activated complex (d,g).
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7 Economics of the process

After oxidation of organic compounds, NBP gave phthal-
imide, carbonyl compound, which is non-toxic and after
separation we can use it for another reaction. And it is
environment favorable compound. If we used NBP in
proper manner with precaution and by using catalyst
we can decrease cost of reaction. And from above study
we saw that these reactions did not required any type
of costly instruments or chemicals. But still it need more
focus because it's reported literature, available only in
laboratory scale or pilot scale not for industrial purpose.

8 Conclusion

Use of NBP, as an oxidant is still field of experiment; we
need more, to focus on its diverse behavior. In summary,
N-bromophthalimide was successfully used to oxidize
kinetically various organic compounds either catalyzed
(micellar or transition metal) or un-catalyzed reaction.
Mainly two experimental methods were use for the deg-
radation process i.e. iodometric, and potentiometric. In
present review catalyst with different active species gave
various reactive species of NBP to oxidize various organic
compounds. And NBP is unstable for more than 24 h, so
we have to develop a method for its stability for long
time. Thus, NBP could be used as promising oxidant for
the oxidation of pollutants present in water.
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