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SYLLABUS 

B.Sc. – IV SEM 

Subject – Chemistry 

 

 

 

 

 

 

UNIT -1 

 

 

 

A. Phase equilibrium: statement and the meaning of terms: phase, 

component and the degree of freedom, thermodynamic derivation 

of the Gibbs phase rule, one component system: water, CO2 and S 

system, two component system: solid-liquid equilibria, simple 

eutectic system: Bi-Cd; Pb-Ag system, Desilverisation of lead. 

B. Solid solution: Systems in which compound formation with 

congruent melting point (Zn-Mg) and incongruent melting point, 

(NaCl-H2O) and (CuSO4-H2O) system, Freezing Mixtures: 

acetone-dry ice. 

C. Liquid- Liquid mixtures: Ideal liquid mixtures, Raoult’s and 

Henry’s law. Non-ideal system, azeotrops; HCl-H2O and ethanol 

water system. 

D. Partial miscible liquids: Phenol-water, trimethylamine - water 

and nicotine-water system. Lower and upper consolute 

temperature. Immiscible Liquids, steam distillation, Nernst 

distribution law: thermodynamic derivation, applications. 

 

 

 

 

UNIT -2 

 

 

Electrochemistry 

A. Electrical transport: conduction in metals and in electrolyte 

solutions, specific conductance and equivalent conductance, 

variation of specific conductance and equivalent conductance with 

dilution, Migration of ions and Kohlrausch-law, Arrhenius theory 

of electrolyte dissociation and its limitations, weak and strong 

electrolytes, Ostwald’s dilution law, its uses and limitations. 
Debye-Huckel Onsager’s equation for strong electrolytes 

(elementary treatment only). Transport number: Definition and 

determination by Hittorf method and moving boundary method. 

B. Types of reversible electrodes: Gas metal ion, metal-meal ion, 

metal-insoluble salt anion and redox electrodes. Electrode 

reactions, Nernst equation, derivation of cell EMF and single 

electrode potential, standard hydrogen electrode- reference 

electrodes-standard electrode, standard electrode potential. 

EMF of a cell and its measurements, computation of cell EMF, 

calculation of thermodynamic quantities of cell reaction ( DG, DH, 

K). Solubility product and activity coefficient, potentiometric and 

conductometric titration. 

Definition of pH and pK, determination of pH using hydrogen, 

quinhydrone and glass electrodes by potentiometric methods. 
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UNIT-3 

 

 

A. Aldehydes and Ketones : Nomenclature and structure of the 

carbonyl group. Synthesis of aldehydes and ketones with 

particular reference to the synthesis of aldehydes and ketones from 

acid chlorides, synthesis of aldehydes and ketones using. 1,3 

dithianes, synthesis of ketones from nitriles and from carboxylic 

acids. Physical properties. Mechanism of nucleophilic additions to 

carbonyl group with particular emphasis on Benzoin, Aldol Perkin 

and Knovenagel condensations. Condensation with ammonia and 

its derivatives. Wittig reaction, Mannich reaction, use of acetals as 

protecting group. Oxidation of aldehydes, Baeyer-villiger 

oxidation of ketones, Cannizaro reaction. Meerwein Pondroff- 

Verley, Clemmesen, Wolf Kishner, LiAIH4 and NaBH4 reduction. 

B. Carboxylic acids: Nomenclature, structure and bonding, physical 

properties, acidity of carboxylic acids, effects of substituents on 

acid strength. Preparation of carboxylic, reaction of carboxylic 

acids. Hell Volhard Zelinsky reaction. Synthesis of acid chlorides 

ester and amides reduction of carboxylic acids, mechanism of decarboxylation 

 

 

UNIT-4 

 

A. Carboxylic acids derivatives: structure and nomenclature of acid 

chlorides, esters amides and acid anhydrides. Physical properties, 

interconversion of acid derivative by nucleophilic acyl 

substitution, preparation of carboxylic acid derivatives, chemical 

reactions. Mechanism of esterification and hydrolysis (acidic and 

basic). 

B. Coordination Chemistry: MOT (molecular orbital theory) 

diagram for tetrahedral, square planar and octahedral complexes. 

C. Green Chemistry: Principles, 12 tenets, their description with 

examples. 

 

 

UNIT-5 

A. Chemistry of Lanthanides: Electronic structure, oxidation 

states, ionic radii and lanthanide contraction, complex 

formation, occurrence and isolation of lanthanide compounds. 

B. Chemistry of Actinides: General features and chemistry of Similarities 

between the later actindies and later lanthanides.actinides, chemistry of 

separation of Np, Pu and Am from U, 
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UNIT - 3 

Aldehydes and Ketones 

1.Nomenclature of Aldehydes and Ketones 

Aldehydes and ketones are organic compounds which incorporate a carbonyl functional group, C=O. The carbon 

atom of this group has two remaining bonds that may be occupied by hydrogen or alkyl or aryl substituents. If at 

least one of these substituents is hydrogen, the compound is an aldehyde. If neither is hydrogen, the compound is 

a ketone. 

The IUPAC system of nomenclature assigns a characteristic suffix to these classes, al to aldehydes and one to 

ketones. For example, H2C=O is methanal, more commonly called formaldehyde. Since an aldehyde carbonyl 

group must always lie at the end of a carbon chain, it is by default position #1, and therefore defines the 

numbering direction. A ketone carbonyl function may be located anywhere within a chain or ring, and its 

position is given by a locator number. Chain numbering normally starts from the end nearest the carbonyl group. 

In cyclic ketones the carbonyl group is assigned position #1, and this number is not cited in the name, unless 

more than one carbonyl group is present. If you are uncertain about the IUPAC rules for nomenclature you 

should review them now. 

Examples of IUPAC names are provided (in blue) in the following diagram. Common names are in red, and 

derived names in black. In common names carbon atoms near the carbonyl group are often designated by Greek 

letters. The atom adjacent to the function is alpha, the next removed is beta and so on. Since ketones have two 

sets of neighboring atoms, one set is labeled α,  etc., and the other α', ' etc. 

 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/nomen1.htm#start
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Very simple ketones, such as propanone and phenylethanone (first two examples in the right column), do not 

require a locator number, since there is only one possible site for a ketone carbonyl function. Likewise, locator 

numbers are omitted for the simple dialdehyde at the bottom left, since aldehyde functions must occupy the ends 

of carbon chains. The hydroxy butanal and propenal examples (2nd & 3rd from the top, left column) and the 

oxopropanal example (bottom right) illustrate the nomenclature priority of IUPAC suffixes. In all cases the 

aldehyde function has a higher status than either an alcohol, alkene or ketone and provides the nomenclature 

suffix. The other functional groups are treated as substituents. Because ketones are just below aldehydes in 

nomenclature suffix priority, the "oxo" substituent terminology is seldom needed. 

Simple substituents incorporating a carbonyl group are often encountered. The generic name for such groups 

is acyl. Three examples of acyl groups having specific names are shown below. 

 

2. Occurrence of Aldehydes and Ketones 

Natural Products 

Aldehydes and ketones are widespread in nature, often combined with other functional groups. Example are 

shown in the following diagram. The compounds in the top row are found chiefly in plants or microorganisms; 

those in the bottom row have animal origins. With the exception of the first three compounds (top row) these 

molecular structures are all chiral. When chiral compounds are found in nature they are usually enantiomerically 

pure, although different sources may yield different enantiomers. For example, carvone is found as its 

levorotatory (R)-enantiomer in spearmint oil, whereas, caraway seeds contain the dextrorotatory (S)-enantiomer. 

Note that the aldehyde function is often written as –CHO in condensed or complex formulas. 

 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/nomexmp1.htm#nom6
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/sterism3.htm#isom13b
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3. Synthetic Preparation of Aldehydes and Ketones 

Aldehydes and ketones are obtained as products from many reactions discussed in previous sections of this text. 

The following diagram summarizes the most important of these. To review the previous discussion of any of 

these reaction classes simply click on the number (1 to 5) or descriptive heading for the group. 
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With the exception of Friedel-Crafts acylation, these methods do not increase the size or complexity of 

molecules. In the following sections of this chapter we shall find that one of the most useful characteristics of 

aldehydes and ketones is their reactivity toward carbon nucleophiles, and the resulting elaboration of molecular 

structure that results. In short, aldehydes and ketones are important intermediates for the assembly or synthesis 

of complex organic molecules. 

4. Properties of Aldehydes and Ketones 

A comparison of the properties and reactivity of aldehydes and ketones with those of the alkenes is 

warranted, since both have a double bond functional group. Because of the greater electronegativity of 

oxygen, the carbonyl group is polar, and aldehydes and ketones have larger molecular dipole moments (D) than 

do alkenes. The resonance structures on the right illustrate this polarity, and the relative dipole moments of 

formaldehyde, other aldehydes and ketones confirm the stabilizing influence that alkyl substituents have on 

carbocations (the larger the dipole moment the greater the polar character of the carbonyl group). We expect, 

therefore, that aldehydes and ketones will have higher boiling points than similar sized alkenes. Furthermore, the 

presence of oxygen with its non-bonding electron pairs makes aldehydes and ketones hydrogen-bond acceptors, 

and should increase their water solubility relative to hydrocarbons. Specific examples of these relationships are 

provided in the following table. 

\ 

The polarity of the carbonyl group also has a 

profound effect on its chemical reactivity, 

compared with the non-polar double bonds 

of alkenes. Thus, reversible addition of water 

to the carbonyl function is fast, whereas 

water addition to alkenes is immeasurably 

slow in the absence of a strong acid catalyst. 

Curiously, relative bond energies influence 

the thermodynamics of such addition 

reactions in the opposite sense. 

The C=C of alkenes has an average bond 

energy of 146 kcal/mole. Since a C–C σ-

bond has a bond energy of 83 kcal/mole, the 

π-bond energy may be estimated at 63 

kcal/mole (i.e. less than the energy of the 

sigma bond). The C=O bond energy of a 

carbonyl group, on the other hand, varies 

with its location, as follows: 

    H2C=O     170 kcal/mole     

    RCH=O    175 kcal/mole     

    R2C=O     180 kcal/mole     

 

                         The C–O σ-bond is found to have an average bond energy of 86 kcal/mole. Consequently, with 

the exception of formaldehyde, the carbonyl function of aldehydes and ketones has a π-bond energy greater than 

that of the sigma-bond, in contrast to the pi-sigma relationship in C=C. This suggests that addition reactions to 

carbonyl groups should be thermodynamically disfavored, as is the case for the addition of water. All of this is 

summarized in the following diagram (ΔHº values are for the addition reaction). 

Compound Mol. Wt. Boiling Point 
Water  

Solubility 

(CH3)2C=CH2 56 -7.0 ºC 0.04 g/100 

(CH3)2C=O 58 56.5 ºC infinite 

CH3CH2CH2CH=CH2 70 30.0 ºC 0.03 g/100 

CH3CH2CH2CH=O 72 76.0 ºC 7 g/100 

 

96 103.0 ºC insoluble 

 

98 155.6 ºC 5 g/100 
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Although the addition of water to an alkene is exothermic and gives a stable product (an alcohol), the 

uncatalyzed reaction is extremely slow due to a high activation energy . The reverse reaction (dehydration of an 

alcohol) is even slower, and because of the kinetic barrier, both reactions are practical only in the presence of a 

strong acid. The microscopically reversible mechanism for both reactions was described earlier.  

In contrast, both the endothermic addition of water to a carbonyl function, and the exothermic elimination of 

water from the resulting geminal-diol are fast. The inherent polarity of the carbonyl group, together with its 

increased basicity (compared with alkenes), lowers the transition state energy for both reactions, with a resulting 

increase in rate. Acids and bases catalyze both the addition and elimination of water. Proof that rapid and 

reversible addition of water to carbonyl compounds occurs is provided by experiments using isotopically labeled 

water. If a carbonyl reactant composed of 
16

O (colored blue above) is treated with water incorporating the 
18

O 

isotope (colored red above), a rapid exchange of the oxygen isotope occurs. This can only be explained by the 

addition-elimination mechanism shown here. 

 

5. Reactions of Aldehydes and Ketones 

1. Reversible Addition Reactions 

A. Hydration and Hemiacetal Formation 

It has been demonstrated (above) that water adds rapidly to the carbonyl function of aldehydes and ketones. In 

most cases the resulting hydrate (a geminal-diol) is unstable relative to the reactants and cannot be isolated. 

Exceptions to this rule exist, one being formaldehyde (a gas in its pure monomeric state). Here the weaker pi-

component of the carbonyl double bond, relative to other aldehydes or ketones, and the small size of the 

hydrogen substituents favor addition. Thus, a solution of formaldehyde in water (formalin) is almost exclusively 

the hydrate, or polymers of the hydrate. Similar reversible additions of alcohols to aldehydes and ketones take 

place. The equally unstable addition products are called hemiacetals. 

R2C=O   +   R'OH      R'O–(R2)C–O–H   (a hemiacetal) 

 

B. Acetal Formation 

Acetals are geminal-diether derivatives of aldehydes or ketones, formed by reaction with two equivalents of an 

alcohol and elimination of water. Ketone derivatives of this kind were once called ketals, but modern usage has 

dropped that term. The following equation shows the overall stoichiometric change in acetal formation, but a 

dashed arrow is used because this conversion does not occur on simple mixing of the reactants. 

R2C=O   +   2 R'OH      R2C(OR')2   +   H2O   (an acetal) 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alcohol1.htm#alcrx3b
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alhalrx4.htm#hal11
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In order to achieve effective acetal formation two additional features must be implemented. First, an acid 

catalyst must be used; and second, the water produced with the acetal must be removed from the reaction. The 

latter is important, since acetal formation is reversible. Indeed, once pure acetals are obtained they may be 

hydrolyzed back to their starting components by treatment with aqueous acid. The mechanism shown here 

applies to both acetal formation and acetal hydrolysis by the principle of microscopic reversibility . 

 

Some examples of acetal formation are presented in the following diagram. As noted, p-toluenesulfonic acid 

(pKa = -2) is often the catalyst for such reactions. Two equivalents of the alcohol reactant are needed, but these 

may be provided by one equivalent of a diol (example #2). Intramolecular involvement of a gamma or delta 

hydroxyl group (as in examples #3 and 4) may occur, and is often more facile than the intermolecular reaction. 

Thiols (sulfur analogs of alcohols) give thioacetals (example #5). In this case the carbonyl functions are 

relatively hindered, but by using excess ethanedithiol as the solvent and the Lewis acid BF3 as catalyst a good 

yield of the bis-thioacetal is obtained. Thioacetals are generally more difficult to hydrolyze than are acetals. 

 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alcohol1.htm#alcrx3b
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The importance of acetals as carbonyl derivatives lies chiefly in their stability and lack of reactivity in neutral to 

strongly basic environments. As long as they are not treated by acids, especially aqueous acid, acetals exhibit all 

the lack of reactivity associated with ethers in general. 

Among the most useful and characteristic reactions of aldehydes and ketones is their reactivity toward strongly 

nucleophilic (and basic) metallo-hydride, alkyl and aryl reagents (to be discussed shortly). If the carbonyl 

functional group is converted to an acetal these powerful reagents have no effect; thus, acetals are excellent 

protective groups, when these irreversible addition reactions must be prevented. 

C. Formation of Imines and Related Compounds 

The reaction of aldehydes and ketones with ammonia or 1º-amines forms imine derivatives, also known as Schiff 

bases, (compounds having a C=N function). This reaction plays an important role in the synthesis of 2º-amines, 

as discussed earlier. Water is eliminated in the reaction, which is acid-catalyzed and reversible in the same sense 

as acetal formation. 

R2C=O   +   R'NH2      R'NH–(R2)C–O–H      R2C=NR'   +   H2O 

An addition-elimination mechanism for this reaction was proposed, and an animation showing this mechanism is 

activated by the button. 

Imines are sometimes difficult to isolate and purify due to their sensitivity to hydrolysis. Consequently, other 

reagents of the type Y–NH2 have been studied, and found to give stable products (R2C=N–Y) useful in 

characterizing the aldehydes and ketones from which they are prepared. Some of these reagents are listed in the 

following table, together with the structures and names of their carbonyl reaction products. An interesting aspect 

of these carbonyl derivatives is that stereoisomers are possible when the R-groups of the carbonyl reactant are 

different. Thus, benzaldehyde forms two stereoisomeric oximes, a low-melting isomer, having the hydroxyl 

group cis to the aldehyde hydrogen (called syn), and a higher melting isomer in which the hydroxyl group and 

hydrogen are trans (the anti isomer). At room temperature or below the configuration of the double-bonded 

nitrogen atom is apparently fixed in one trigonal shape, unlike the rapidly interconverting pyramidal 

configurations of the sp
3
 hybridized amines. 

 

With the exception of unsubstituted hydrazones, these derivatives are easily prepared and are often crystalline 

solids - even when the parent aldehyde or ketone is a liquid. Since melting points can be determined more 

quickly and precisely than boiling points, derivatives such as these are useful for comparison and identification 

of carbonyl compounds. If the aromatic ring of phenylhydrazine is substituted with nitro groups at the 2- & 4-

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alcohol2.htm#ethrx2
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/amine1.htm#amin6c
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/sterism3.htm#isom15
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/sterism3.htm#isom15
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positions, the resulting reagent and the hydrazone derivatives it gives are strongly colored, making them easy to 

identify.  

It should be noted that although semicarbazide has two amino groups (–NH2) only one of them is a reactive 

amine. The other is amide-like and is deactivated by the adjacent carbonyl group. 

The rate at which these imine-like compounds are formed is generally greatest near a pH of 5, and drops at 

higher and lower pH's. This agrees with a general acid catalysis in which the conjugate acid of the carbonyl 

reactant combines with a free amino group, as shown in the above animation. At high pH there will be a 

vanishingly low concentration of the carbonyl conjugate acid, and at low pH most of the amine reactant will be 

tied up as its ammonium conjugate acid. With the exception of imine formation itself, most of these 

derivatization reactions do not require active removal of water (not shown as a product in the previous 

equations). The reactions are reversible, but equilibrium is not established instantaneously and the products often 

precipitate from solution as they are formed. 

D. Enamine Formation 

The previous reactions have all involved reagents of the type: Y–NH2, i.e. reactions with a 1º-amino group. Most 

aldehydes and ketones also react with 2º-amines to give products known as enamines. Two examples of these 

reactions are presented in the following diagram. It should be noted that, like acetal formation, these are acid-

catalyzed reversible reactions in which water is lost. Consequently, enamines are easily converted back to their 

carbonyl precursors by acid-catalyzed hydrolysis. A mechanism for enamine formation may be seen by pressing 

the "Show Mechanism" button. 

 

E. Cyanohydrin Formation 

The last example of reversible addition is that of hydrogen cyanide (HC≡N), which adds to aldehydes and many 
ketone to give products calledcyanohydrins. 

RCH=O   +   H–C≡N      RCH(OH)CN     (a cyanohydrin) 

Since hydrogen cyanide itself is an acid (pKa = 9.25), the addition is not acid-catalyzed. In fact, for best results 

cyanide anion, C≡N(-)
 must be present, which means that catalytic base must be added. Cyanohydrin formation is 

weakly exothermic, and is favored for aldehydes, and unhindered cyclic and methyl ketones. Two examples of 

such reactions are shown below. 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/benzrx2.htm#benz10
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The cyanohydrin from benzaldehyde is named mandelonitrile. The reversibility of cyanohydrin formation is put 

to use by the millipede Apheloria corrugatain a remarkable defense mechanism. This arthropod releases 

mandelonitrile from an inner storage gland into an outer chamber, where it is enzymatically broken down into 

benzaldehyde and hydrogen cyanide before being sprayed at an enemy. 

2. Irreversible Addition Reactions 

The distinction between reversible and irreversible carbonyl addition reactions may be clarified by considering 

the stability of alcohols having the structure shown below in the shaded box. 

 

If substituent Y is not a hydrogen, an alkyl group or an aryl group, there is a good chance the compound will be 

unstable (not isolable), and will decompose in the manner shown. Most hydrates and hemiacetals (Y = OH & 

OR), for example, are known to decompose spontaneously to the corresponding carbonyl compounds. Aminols 

(Y = NHR) are intermediates in imine formation, and also revert to their carbonyl precursors if dehydration 

conditions are not employed. Likewise, α-haloalcohols (Y = Cl, Br & I) cannot be isolated, since they 

immediately decompose with the loss of HY. In all these cases addition of H–Y to carbonyl groups is clearly 

reversible. 

If substituent Y is a hydrogen, an alkyl group or an aryl group, the resulting alcohol is a stable compound and 

does not decompose with loss of hydrogen or hydrocarbons, even on heating. It follows then, that if nucleophilic 

reagents corresponding to H:
(–)

, R:
(–)

 or Ar:
(–)

 add to aldehydes and ketones, the alcohol products of such 

additions will form irreversibly. Free anions of this kind would be extremely strong bases and nucleophiles, but 

their extraordinary reactivity would make them difficult to prepare and use. Fortunately, metal derivatives of 

these alkyl, aryl and hydride moieties are available, and permit their addition to carbonyl compounds. 

A. Reduction by Complex Metal Hydrides 

Addition of a hydride anion to an aldehyde or ketone would produce an alkoxide anion, which on protonation 

should yield the corresponding alcohol. Aldehydes would give 1º-alcohols (as shown) and ketones would give 

2º-alcohols. 

RCH=O   +   H:
(–)

      RCH2O
(–)

   +   H3O
(+)

      RCH2OH 

Two practical sources of hydride-like reactivity are the complex metal hydrides lithium aluminum hydride 

(LiAlH4) and sodium borohydride (NaBH4). These are both white (or near white) solids, which are prepared 

from lithium or sodium hydrides by reaction with aluminum or boron halides and esters. Lithium aluminum 

hydride is by far the most reactive of the two compounds, reacting violently with water, alcohols and other 
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acidic groups with the evolution of hydrogen gas. The following table summarizes some important 

characteristics of these useful reagents. 

Reagent Preferred Solvents Functions Reduced Reaction Work-up 

Sodium Borohydride 

    NaBH4 

ethanol; aqueous ethanol 

15% NaOH; diglyme 

avoid strong acids 

aldehydes to 1º-alcohols 

ketones to 2º-alcohols 

inert to most other functions 

1) simple 

neutralization  

2) extraction of 

product 

Lithium Aluminum 

Hydride 

    LiAlH4 

ether; THF 

avoid alcohols and amines 

avoid halogenated 

compounds 

avoid strong acids 

aldehydes to 1º-alcohols 

ketones to 2º-alcohols 

carboxylic acids to 1º-

alcohols 

esters to alcohols 

epoxides to alcohols 

nitriles & amides to amines 

halides & tosylates to alkanes 

most functions react 

1) careful addition 

of water 

2) remove 

aluminum salts 

3) extraction of 

product 

Some examples of aldehyde and ketone reductions, using the reagents described above, are presented in the 

following diagram. The first three reactions illustrate that all four hydrogens of the complex metal hydrides may 

function as hydride anion equivalents which bond to the carbonyl carbon atom. In the LiAlH4 reduction, the 

resulting alkoxide salts are insoluble and need to be hydrolyzed (with care) before the alcohol product can be 

isolated. In the borohydride reduction the hydroxylic solvent system achieves this hydrolysis automatically. The 

lithium, sodium, boron and aluminum end up as soluble inorganic salts. The last reaction shows how an acetal 

derivative may be used to prevent reduction of a carbonyl function (in this case a ketone). Remember, with the 

exception of epoxides, ethers are generally unreactive with strong bases or nucleophiles. The acid catalyzed 

hydrolysis of the aluminum salts also effects the removal of the acetal. This equation is typical in not being 

balanced (i.e. it does not specify the stoichiometry of the reagent). 
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Reduction of α, -unsaturated ketones by metal hydride reagents sometimes leads to a saturated alcohol, 

especially with sodium borohydride. This product is formed by an initial conjugate addition of hydride to the -

carbon atom, followed by ketonization of the enol product and reduction of the resulting saturated ketone 

(equation 1 below). If the saturated alcohol is the desired product, catalytic hydrogenation prior to (or following) 

the hydride reduction may be necessary. To avoid reduction of the double bond, cerium(III) chloride is added to 

the reaction and it is normally carried out below 0 ºC, as shown in equation 2. 

1)   RCH=CHCOR'   +   NaBH4 (aq. alcohol)   ——>  RCH=CHCH(OH)R'   +   RCH2-CH2CH(OH)R' 

 
1,2-addition product 

 
1,4-addition product 

2)   RCH=CHCOR'   +   NaBH4 & CeCl3 -15º   ——>  RCH=CHCH(OH)R' 

 
1,2-addition product 

Before leaving this topic it should be noted that diborane, B2H6, a gas that was used in ether solution to 

prepare alkyl boranes from alkenes, also reduces many carbonyl groups. Consequently, selective reactions with 

substrates having both functional groups may not be possible. In contrast to the metal hydride reagents, diborane 

is a relatively electrophilic reagent, as witnessed by its ability to reduce alkenes. This difference also influences 

the rate of reduction observed for the two aldehydes shown below. The first, 2,2-dimethylpropanal, is less 

electrophilic than the second, which is activated by the electron withdrawing chlorine substituents. 

 
 

B. Addition of Organometallic Reagents 

The two most commonly used compounds of this kind are alkyl lithium reagents and Grignard reagents. They 

are prepared from alkyl and aryl halides, as discussed earlier. These reagents are powerful nucleophiles and very 

strong bases (pKa's of saturated hydrocarbons range from 42 to 50), so they bond readily to carbonyl carbon 

atoms, giving alkoxide salts of lithium or magnesium. Because of their ring strain, epoxides undergo many 

carbonyl-like reactions, as noted previously. Reactions of this kind are among the most important synthetic 

methods available to chemists, because they permit simple starting compounds to be joined to form more 

complex structures. Examples are shown in the following diagram. 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/special2.htm#top4d
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/addene1.htm#add2b
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alhalrx4.htm#hal10
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alcohol2.htm#ethrx2b
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A common pattern, shown in the shaded box at the top, is observed in all these reactions. The organometallic 

reagent is a source of a nucleophilic alkyl or aryl group (colored blue), which bonds to the electrophilic carbon 

of the carbonyl group (colored magenta). The product of this addition is a metal alkoxide salt, and the alcohol 

product is generated by weak acid hydrolysis of the salt. The first two examples show that water soluble 

magnesium or lithium salts are also formed in the hydrolysis, but these are seldom listed among the products, as 

in the last four reactions. Ketones react with organometallic reagents to give 3º-alcohols; most aldehydes react to 

produce 2º-alcohols; and formaldehyde and ethylene oxide react to form 1º-alcohols (examples #5 & 6).  

When a chiral center is formed from achiral reactants (examples #1, 3 & 4) the product is always a racemic 

mixture of enantiomers. 

Two additional examples of the addition of organometallic reagents to carbonyl compounds are informative. The 

first demonstrates that active metal derivatives of terminal alkynes function in the same fashion as alkyl lithium 

and Grignard reagents. The second example again illustrates the use of acetal protective groups in reactions with 

powerful nucleophiles. Following acid-catalyzed hydrolysis of the acetal, the resulting 4-hydroxyaldehyde is in 

equilibrium with its cyclic hemiacetal. 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/addyne1.htm#add7
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6. Other Carbonyl Group Reactions 

A. Reduction 

The metal hydride reductions and organometallic additions to aldehydes and ketones, described above, both 

decrease the carbonyl carbon's oxidation state, and may be classified as reductions. As noted, they proceed by 

attack of a strong nucleophilic species at the electrophilic carbon. Other useful reductions of carbonyl 

compounds, either to alcohols or to hydrocarbons, may take place by different mechanisms. For example, 

hydrogenation (Pt, Pd, Ni or Ru catalysts), reaction with diborane, and reduction by lithium, sodium or 

potassium in hydroxylic or amine solvents have all been reported to convert carbonyl compounds into alcohols. 

However, the complex metal hydrides are generally preferred for such transformations because they give cleaner 

products in high yield. 

The reductive conversion of a carbonyl group to a methylene group requires complete removal of the oxygen, 

and is called deoxygenation. In the shorthand equation shown here the [H] symbol refers to unspecified 

reduction conditions which effect the desired change. Three very different methods of accomplishing this 

transformation will be described here. 

R2C=O   +   [H]      R2CH2   +   H2O 

1. Wolff-Kishner ReductionReaction of an aldehyde or ketone with excess hydrazine generates a hydrazone 

derivative, which on heating with base gives the corresponding hydrocarbon. A high-boiling hydroxylic solvent, 

such as diethylene glycol, is commonly used to achieve the temperatures needed. The following diagram shows 

how this reduction may be used to convert cyclopentanone to cyclopentane. A second example, in which an 

aldehyde is similarly reduced to a methyl group, also illustrates again the use of an acetal protective group. The 

mechanism of this useful transformation involves tautomerization of the initially formed hydrazone to an azo 

isomer, and will be displayed on pressing the "Show Mechanism" button. The strongly basic conditions used in 

this reaction preclude its application to base sensitive compounds. 

 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/aldket1.htm#rx1bb
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/aldket1.htm#rx1bb
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2. Clemmensen Reduction 

This alternative reduction involves heating a carbonyl compound with finely divided, amalgamated zinc. in a 

hydroxylic solvent (often an aqueous mixture) containing a mineral acid such as HCl. The mercury alloyed with 

the zinc does not participate in the reaction, it serves only to provide a clean active metal surface. The first 

example below shows a common application of this reduction, the conversion of a Friedel-Crafts acylation 

product to an alkyl side-chain. The second example illustrates the lability of functional substituents alpha to the 

carbonyl group. Substituents such as hydroxyl, alkoxyl & halogens are reduced first, the resulting unsubstituted 

aldehyde or ketone is then reduced to the parent hydrocarbon. A possible mechanism for the Clemmensen 

reduction will be displayed by clicking the "Show Mechanism" button. 

 

3. Hydrogenolysis of Thioacetals 

In contrast to the previous two procedures, this method of carbonyl deoxygenation requires two separate steps. It 

does, however, avoid treatment with strong base or acid. The first step is to convert the aldehyde or ketone into 

a thioacetal, as described earlier. These derivatives may be isolated and purified before continuing the reduction. 

The second step involves refluxing an acetone solution of the thioacetal over a reactive nickel catalyst, called 

Raney Nickel. All carbon-sulfur bonds undergo hydrogenolysis (the C–S bonds are broken by addition of 

hydrogen). In the following example, 1,2-ethanedithiol is used for preparing the thioacetal intermediate, because 

of the high yield this reactant usually affords. The bicyclic compound shown here has two carbonyl groups, one 

of which is sterically hindered (circled in orange). Consequently, a mono-thioacetal is easily prepared from the 

less-hindered ketone, and this is reduced without changing the remaining carbonyl function. 

 

The carbon atom of a carbonyl group has a relatively high oxidation state. This is reflected in the fact that most 

of the reactions described thus far either cause no change in the oxidation state (e.g. acetal and imine formation) 

or effect a reduction (e.g. organometallic additions and deoxygenations). The most common and characteristic 

oxidation reaction is the conversion of aldehydes to carboxylic acids. In the shorthand equation shown here 

the [O]symbol refers to unspecified oxidation conditions which effect the desired change. Several different 

methods of accomplishing this transformation will be described here. 

RCH=O   +   [O]      RC(OH)=O 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/aldket1.htm#rx1ab
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In discussing the oxidations of 1º and 2º-alcohols, we noted that Jones' reagent (aqueous chromic acid) 

converts aldehydes to carboxylic acids, presumably via the hydrate. Other reagents, among them aqueous 

potassium permanganate and dilute bromine, effect the same transformation. Even the oxygen in air will slowly 

oxidize aldehydes to acids or peracids, most likely by a radical mechanism. Useful tests for aldehydes, Tollens' 

test,Benedict's test & Fehling's test, take advantage of this ease of oxidation by using Ag
(+)

 and Cu
(2+)

 as 

oxidizing agents (oxidants). 

RCH=O   +   2 [Ag
(+)

 OH
(–)

]      RC(OH)=O   +   2 Ag (metallic mirror)   +   H2O 

When silver cation is the oxidant, as in the above equation, it is reduced to metallic silver in the course of the 

reaction, and this deposits as a beautiful mirror on the inner surface of the reaction vessel. The Fehling and 

Benedict tests use cupric cation as the oxidant. This deep blue reagent is reduced to cuprous oxide, which 

precipitates as a red to yellow solid. All these cation oxidations must be conducted under alkaline conditions. To 

avoid precipitation of the insoluble metal hydroxides, the cations must be stabilized as complexed ions. Silver is 

used as its ammonia complex, Ag(NH3)2
(+)

, and cupric ions are used as citrate or tartrate complexes. 

4.Baeyer-Villiger oxidation 

The Baeyer-Villiger oxidation is an organic reaction used to convert a ketone to an ester using a peroxyacid 

(such as mCPBA). The reaction of the ketone with the acid results in a tetrahedral intermediate, with an alkyl 

migration following to release a carboxylic acid. The more electron rich R group migrates to the oxygen in this 

concerted process, allowing for accurate prediction of the stereochemistry of the product. 

 

5. Cannizzaro reaction 

The Cannizzaro reaction, named after its discoverer Stanislao Cannizzaro, is a chemical reaction that involves 

the base-induced disproportionation of an aldehyde lacking a hydrogen atom in the alpha position. 

 
Cannizzaro first accomplished this transformation in 1853, when he obtained benzyl alcohol and potassium 

benzoate from the treatment of benzaldehyde with potash (potassium carbonate). More typically, the reaction 

would be conducted with sodium or potassium hydroxide: 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alcohol2.htm#alcrx4b
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2 C6H5CHO + KOH → C6H5CH2OH + C6H5COOK 

The oxidation product is a salt of a carboxylic acid and the reduction product is an alcohol. 

 

Carboxylic acid 

carboxyl functional group that characterizes the carboxylic acids is unusual in that it is composed of two 

functional groups described earlier in this text. As may be seen in the formula on the right, the carboxyl group is 

made up of a hydroxyl group bonded to a carbonyl group. It is often written in condensed form as –CO2H or –
COOH. Other combinations of functional groups were described previously, and significant changes in chemical 

behavior as a result of group interactions were described (e.g. phenol & aniline). In this case, the change in 

chemical and physical properties resulting from the interaction of the hydroxyl and carbonyl group are so 

profound that the combination is customarily treated as a distinct and different functional group. 

1. Nomenclature of Carboxylic Acids 

As with aldehydes, the carboxyl group must be located at the end of a carbon chain. In the IUPAC system of 

nomenclature the carboxyl carbon is designated #1, and other substituents are located and named accordingly. 

The characteristic IUPAC suffix for a carboxyl group is "oic acid", and care must be taken not to confuse this 

systematic nomenclature with the similar common system. These two nomenclatures are illustrated in the 

following table, along with their melting and boiling points. 

 

Formula 
Common 

Name 
Source IUPAC Name Melting Point Boiling Point 

HCO2H formic acid ants (L. formica) 
methanoic 

acid 
8.4 ºC 101 ºC 

CH3CO2H acetic acid vinegar (L. acetum) ethanoic acid 16.6 ºC 118 ºC 

CH3CH2CO2H propionic acid 
milk (Gk. protus 

prion) 
propanoic acid -20.8 ºC 141 ºC 

CH3(CH2)2CO2

H 
butyric acid butter (L. butyrum) butanoic acid -5.5 ºC 164 ºC 

CH3(CH2)3CO2

H 
valeric acid valerian root pentanoic acid -34.5 ºC 186 ºC 

CH3(CH2)4CO2

H 
caproic acid goats (L. caper) hexanoic acid -4.0 ºC 205 ºC 

CH3(CH2)5CO2

H 
enanthic acid vines (Gk. oenanthe) heptanoic acid -7.5 ºC 223 ºC 

CH3(CH2)6CO2

H 
caprylic acid goats (L. caper) octanoic acid 16.3 ºC 239 ºC 
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CH3(CH2)7CO2

H 
pelargonic acid pelargonium (an herb) nonanoic acid 12.0 ºC 253 ºC 

CH3(CH2)8CO2

H 
capric acid goats (L. caper) decanoic acid 31.0 ºC 219 ºC 

Substituted carboxylic acids are named either by the IUPAC system or by common names. If you are uncertain 

about the IUPAC rules for nomenclature you should review them now. Some common names, the amino acid 

threonine for example, do not have any systematic origin and must simply be memorized. In other cases, 

common names make use of the Greek letter notation for carbon atoms near the carboxyl group. Some examples 

of both nomenclatures are provided below. 

 

 

 

Simple dicarboxylic acids having the general formula HO2C–(CH2)n–CO2H (where n = 0 to 5) are known by 

the common names: Oxalic (n=0), Malonic (n=1), Succinic (n=2), Glutaric (n=3), Adipic (n=4) and Pimelic 

(n=5) Acids. Common names, such as these can be troublesome to remember, so mnemonic aids, which take the 

form of a catchy phrase, have been devised. For this group of compounds one such phrase is: 

"Oh My Such Good ApplePie". 

2. Carboxylic Acid Natural Products 

Carboxylic acids are widespread in nature, often combined with other functional groups. Simple alkyl carboxylic 

acids, composed of four to ten carbon atoms, are liquids or low melting solids having very unpleasant odors. 

The fatty acids are important components of the biomolecules known as lipids, especially fats and oils. As 

shown in the following table, these long-chain carboxylic acids are usually referred to by their common names, 

which in most cases reflect their sources. A mnemonic phrase for the C10 to C20 natural fatty acids capric, lauric, 

myristic, palmitic, stearic and arachidic is: "Curly,Larry & Moe Perform Silly Antics" (note that the names of 

the three stooges are in alphabetical order).  

Interestingly, the molecules of most natural fatty acids have an even number of carbon atoms. Analogous 

compounds composed of odd numbers of carbon atoms are perfectly stable and have been made synthetically. 

Since nature makes these long-chain acids by linking together acetate units, it is not surprising that the carbon 

atoms composing the natural products are multiples of two. The double bonds in the unsaturated compounds 

listed on the right are all cis (or Z). 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/nomen1.htm#start
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FATTY ACIDS 

Saturated 

Formula 
Common 

Name 

Melting 

Point 

CH3(CH2)10

CO2H 
lauric acid 45 ºC 

CH3(CH2)12

CO2H 

myristic 

acid 
55 ºC 

CH3(CH2)14

CO2H 

palmitic 

acid 
63 ºC 

CH3(CH2)16

CO2H 
stearic acid 69 ºC 

CH3(CH2)18

CO2H 

arachidic 

acid 
76 ºC 

 

Unsaturated 

Formula 
Common 

Name 

Melting 

Point 

CH3(CH2)5CH=CH(CH2)7CO2H 
palmitoleic 

acid 
0 ºC 

CH3(CH2)7CH=CH(CH2)7CO2H oleic acid 13 ºC 

CH3(CH2)4CH=CHCH2CH=CH(CH2)

7CO2H 

linoleic 

acid 
-5 ºC 

CH3CH2CH=CHCH2CH=CHCH2CH=

CH(CH2)7CO2H 

linolenic 

acid 
-11 ºC 

CH3(CH2)4(CH=CHCH2)4(CH2)2CO2

H 

arachidonic 

acid 
-49 ºC 

 

 

 

The following formulas are examples of other naturally occurring carboxylic acids. The molecular structures 

range from simple to complex, often incorporate a variety of other functional groups, and many are chiral. 

 

3. Related Carbonyl Derivatives 

Other functional group combinations with the carbonyl group can be prepared from carboxylic acids, and are 

usually treated as related derivatives. Five common classes of these carboxylic acid derivatives are listed in the 

following table. Although nitriles do not have a carbonyl group, they are included here because the functional 

carbon atoms all have the same oxidation state. The top row (yellow shaded) shows the general formula for each 
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class, and the bottom row (light blue) gives a specific example of each. As in the case of amines, amides are 

classified as 1º, 2º or 3º, depending on the number of alkyl groups bonded to the nitrogen. 

 

Functional groups of this kind are found in many kinds of natural products. Some examples are shown below 

with the functional group colored red. Most of the functions are amides or esters, cantharidin being a rare 

example of a natural anhydride. Cyclic esters are called lactones, and cyclic amides are referred to as lactams. 

Penicillin G has two amide functions, one of which is a -lactam. The Greek letter locates the nitrogen relative 

to the carbonyl group of the amide. 

 

4.Properties of Carboxylic Acids 

1. Physical Properties of Carboxylic Acids 

The table at the beginning of this page gave the melting and boiling points for a homologous group of carboxylic 

acids having from one to ten carbon atoms. The boiling points increased with size in a regular manner, but the 

melting points did not. Unbranched acids made up of an even number of carbon atoms have melting points 

higher than the odd numbered homologs having one more or one less carbon.  

This reflects differences in intermolecular attractive forces in the crystalline state. In the table of fatty acids we 

see that the presence of a cis-double bond significantly lowers the melting point of a compound. Thus, 

palmitoleic acid melts over 60º lower than palmitic acid, and similar decreases occur for the C18 and 

C20 compounds. Again, changes in crystal packing and intermolecular forces are responsible. 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/crbacid1.htm#crbacd2
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/crbacid1.htm#crbacd2b
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The factors that influence the relative boiling points and water solubilities of various types of compounds were 

discussed earlier. In general, dipolar attractive forces between molecules act to increase the boiling point of a 

given compound, with hydrogen bonds being an extreme example. Hydrogen bonding is also a major factor in 

the water solubility of covalent compounds To refresh your understanding of these principles Click Here. The 

following table lists a few examples of these properties for some similar sized polar compounds (the non-polar 

hydrocarbon hexane is provided for comparison). 

Physical Properties of Some Organic Compounds 

Formula IUPAC Name Molecular Weight Boiling Point Water Solubility 

CH3(CH2)2CO2H butanoic acid 88 164 ºC very soluble 

CH3(CH2)4OH 1-pentanol 88 138 ºC slightly soluble 

CH3(CH2)3CHO pentanal 86 103 ºC slightly soluble 

CH3CO2C2H5 ethyl ethanoate 88 77 ºC moderately soluble 

CH3CH2CO2CH3 methyl propanoate 88 80 ºC slightly soluble 

CH3(CH2)2CONH2 butanamide 87 216 ºC soluble 

CH3CON(CH3)2 N,N-dimethylethanamide 87 165 ºC very soluble 

CH3(CH2)4NH2 1-aminobutane 87 103 ºC very soluble 

CH3(CH2)3CN pentanenitrile 83 140 ºC slightly soluble 

CH3(CH2)4CH3 hexane 86 69 ºC insoluble 

The first five entries all have oxygen functional groups, and the relatively high boiling points of the first two is 

clearly due to hydrogen bonding. Carboxylic acids have exceptionally high boiling points, due in large part to 

dimeric associations involving two hydrogen bonds. A structural formula for the dimer of acetic acid is shown 

here. When the mouse pointer passes over the drawing, an electron cloud diagram will appear. The high boiling 

points of the amides and nitriles are due in large part to strong dipole attractions, supplemented in some cases by 

hydrogen bonding. 

 

5. Acidity of Carboxylic Acids 

The pKa 's of some typical carboxylic acids are listed in the following table. When we compare these values with 

those of comparable alcohols, such as ethanol (pKa = 16) and 2-methyl-2-propanol (pKa = 19), it is clear that 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/suppmnt1.htm#exp4
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/crbacid1.htm
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carboxylic acids are stronger acids by over ten powers of ten! Furthermore, electronegative substituents near the 

carboxyl group act to increase the acidity. 

Compound pKa  
Compound pKa 

HCO2H 3.75 
 

CH3CH2CH2CO2H 4.82 

CH3CO2H 4.74 
 

ClCH2CH2CH2CO2H 4.53 

FCH2CO2H 2.65 
 

CH3CHClCH2CO2H 4.05 

ClCH2CO2H 2.85 
 

CH3CH2CHClCO2H 2.89 

BrCH2CO2H 2.90 
 

C6H5CO2H 4.20 

ICH2CO2H 3.10 
 

p-O2NC6H4CO2H 3.45 

Cl3CCO2H 0.77 
 

p-CH3OC6H4CO2H 4.45 

Why should the presence of a carbonyl group adjacent to a hydroxyl group have such a profound effect on the 

acidity of the hydroxyl proton? To answer this question we must return to the nature of acid-base equilibria and 

the definition of pKa , illustrated by the general equations given below. These relationships were described in 

an previous section of this text. 

 

 

We know that an equilibrium favors the thermodynamically more stable side, and that the magnitude of the 

equilibrium constant reflects the energy difference between the components of each side. In an acid base 

equilibrium the equilibrium always favors the weaker acid and base (these are the more stable components). 

Water is the standard base used for pKa measurements; consequently, anything that stabilizes the conjugate base 

(A:
(–)

) of an acid will necessarily make that acid (H–A) stronger and shift the equilibrium to the right.  

Both the carboxyl group and the carboxylate anion are stabilized by resonance, but the stabilization of the anion 

is much greater than that of the neutral function, as shown in the following diagram. In the carboxylate anion the 

two contributing structures have equal weight in the hybrid, and the C–O bonds are of equal length (between a 

double and a single bond). This stabilization leads to a markedly increased acidity, as illustrated by the energy 

diagram displayed by clicking the "Toggle Display" button. 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/react1.htm#rx1b
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The resonance effect described here is undoubtedly the major contributor to the exceptional acidity of carboxylic 

acids. However, inductive effects also play a role. For example, alcohols have pKa's of 16 or greater but their 

acidity is increased by electron withdrawing substituents on the alkyl group. The following diagram illustrates 

this factor for several simple inorganic and organic compounds (row #1), and shows how inductive electron 

withdrawal may also increase the acidity of carboxylic acids (rows #2 & 3). The acidic hydrogen is colored red 

in all examples. 

 

Water is less acidic than hydrogen peroxide because hydrogen is less electronegative than oxygen, and the 

covalent bond joining these atoms is polarized in the manner shown. Alcohols are slightly less acidic than water, 

due to the poor electronegativity of carbon, but chloral hydrate, Cl3CCH(OH)2, and 2,2,2,-trifluoroethanol are 

significantly more acidic than water, due to inductive electron withdrawal by the electronegative halogens (and 

the second oxygen in chloral hydrate). 

Preparation of Carboxylic Acids 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/intro2.htm#strc3b
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The carbon atom of a carboxyl group has a high oxidation state. It is not surprising, therefore, that many of the 

chemical reactions used for their preparation are oxidations. Such reactions have been discussed in previous 

sections of this text, and the following diagram summarizes most of these. To review the previous discussion of 

any of these reaction classes simply click on the number (1 to 4) or descriptive heading for the group. 

 

Two other useful procedures for preparing carboxylic acids involve hydrolysis of nitriles and carboxylation of 

organometallic intermediates. As shown in the following diagram, both methods begin with an organic halogen 

compound and the carboxyl group eventually replaces the halogen. Both methods require two steps, but are 

complementary in that the nitrile intermediate in the first procedure is generated by a SN2 reaction, in which 

cyanide anion is a nucleophilic precursor of the carboxyl group. The hydrolysis may be either acid or base-

catalyzed, but the latter give a carboxylate salt as the initial product. 

In the second procedure the electrophilic halide is first transformed into a strongly nucleophilic metal derivative, 

and this adds to carbon dioxide (an electrophile). The initial product is a salt of the carboxylic acid, which must 

then be released by treatment with strong aqueous acid. 
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Reactions of Carboxylic Acids 

1. Salt Formation 

Because of their enhanced acidity, carboxylic acids react with bases to form ionic salts, as shown in the 

following equations. In the case of alkali metal hydroxides and simple amines (or ammonia) the resulting salts 

have pronounced ionic character and are usually soluble in water. Heavy metals such as silver, mercury and lead 

form salts having more covalent character (3rd example), and the water solubility is reduced, especially for acids 

composed of four or more carbon atoms. 

RCO2H + NaHCO3  RCO2
(–)

 Na
(+)

   +   CO2   +   H2O 

RCO2H + (CH3)3N:  RCO2
(–)

 (CH3)3NH
(+)

 

RCO2H + AgOH  RCO2
(-)

 Ag
(+)

   +   H2O 

Carboxylic acids and salts having alkyl chains longer than six carbons exhibit unusual behavior in water due to 

the presence of both hydrophilic (CO2) and hydrophobic (alkyl) regions in the same molecule. Such molecules 

are termed amphiphilic (Gk. amphi = both) or amphipathic. Depending on the nature of the hydrophilic portion 

these compounds may form monolayers on the water surface or sphere-like clusters, called micelles, in solution. 

2. Substitution of the Hydroxyl Hydrogen 

This reaction class could be termed electrophilic substitution at oxygen, and is defined as follows (E is an 

electrophile). Some examples of this substitution are provided in equations (1) through (4). 

RCO2–H   +   E
(+)

  RCO2–E  +  H
(+)

 

 

If E is a strong electrophile, as in the first equation, it will attack the nucleophilic oxygen of the carboxylic acid 

directly, giving a positively charged intermediate which then loses a proton. If E is a weak electrophile, such as 

an alkyl halide, it is necessary to convert the carboxylic acid to the more nucleophilic carboxylate anion to 

facilitate the substitution. This is the procedure used in reactions 2 and 3. Equation 4 illustrates the use of the 

reagent diazomethane (CH2N2) for the preparation of methyl esters. This toxic and explosive gas is always used 

as an ether solution (bright yellow in color). The reaction is easily followed by the evolution of nitrogen gas and 

the disappearance of the reagent's color. This reaction is believed to proceed by the rapid bonding of a strong 

electrophile to a carboxylate anion. 

The nature of SN2 reactions, as in equations 2 & 3, has been described elsewhere. The mechanisms of reactions 1 

& 4 will be displayed by clicking the "Toggle Mechanism" button below the diagram. 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alhalrx1.htm#hal2e
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Alkynes may also serve as electrophiles in substitution reactions of this kind, as illustrated by the synthesis of 

vinyl acetate from acetylene. Intramolecular carboxyl group additions to alkenes generate cyclic esters known 

as lactones. Five-membered (gamma) and six-membered (delta) lactones are most commonly formed. 

Electrophilic species such as acids or halogens are necessary initiators of lactonizations. Even the weak 

electrophile iodine initiates iodolactonization of , - and , -unsaturated acids. Examples of these reactions will 

be displayed by clicking the "Other Examples" button. 

3. Substitution of the Hydroxyl Group 

Reactions in which the hydroxyl group of a carboxylic acid is replaced by another nucleophilic group are 

important for preparing functional derivatives of carboxylic acids. The alcohols provide a useful reference 

chemistry against which this class of transformations may be evaluated. In general, the hydroxyl group proved to 

be a poor leaving group, and virtually all alcohol reactions in which it was lost involved a prior conversion of –
OH to a better leaving group. This has proven to be true for the carboxylic acids as well.  

Four examples of these hydroxyl substitution reactions are presented by the following equations. In each 

example, the new bond to the carbonyl group is colored magenta and the nucleophilic atom that has replaced the 

hydroxyl oxygen is colored green. The hydroxyl moiety is often lost as water, but in reaction #1 the hydrogen is 

lost as HCl and the oxygen as SO2. This reaction parallels a similar transformation of alcohols to alkyl chlorides, 

although itsmechanism is different. Other reagents that produce a similar conversion to acyl halides are PCl5 and 

SOBr2. 

The amide and anhydride formations shown in equations #2 & 3 require strong heating, and milder procedures 

that accomplish these transformations will be described in the next chapter. 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/crbacid1.htm#crbacd3
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alcohol1.htm#alcrx2
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/alcohol1.htm#alcrx2
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/crbacid2.htm#react1b
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Reaction #4 is called esterification, since it is commonly used to convert carboxylic acids to their ester 

derivatives. Esters may be prepared in many different ways; indeed, equations #1 and #4 in the previous 

diagram illustrate the formation of tert-butyl and methyl esters respectively. The acid-catalyzed formation of 

ethyl acetate from acetic acid and ethanol shown here is reversible, with an equilibrium constant near 2. The 

reaction can be forced to completion by removing the water as it is formed. This type of esterification is often 

referred to as Fischer esterification. As expected, the reverse reaction, acid-catalyzed ester hydrolysis, can be 

carried out by adding excess water.  

A thoughtful examination of this reaction (#4) leads one to question why it is classified as a hydroxyl 

substitution rather than a hydrogen substitution. The following equations, in which the hydroxyl oxygen atom of 

the carboxylic acid is colored red and that of the alcohol is colored blue, illustrate this distinction (note that the 

starting compounds are in the center). 

 

H2O  +   CH3CO-OCH2CH3 

H-substitution 

  

 

CH3CO-

OH  +   CH3CH2-OH 
 

HO-substitution 

  

 

CH3CO-

OCH2CH3  +   H2O 

In order to classify this reaction correctly and establish a plausible mechanism, the oxygen atom of the alcohol 

was isotopically labeled as 
18

O (colored blue in our equation). Since this oxygen is found in the ester product and 

not the water, the hydroxyl group of the acid must have been replaced in the substitution.  

A mechanism for this general esterification reaction will be displayed on clicking the "Esterification 

Mechanism" button; also, once the mechanism diagram is displayed, a reaction coordinate for it can be seen by 

clicking the head of the green "energy diagram" arrow. Addition-elimination mechanisms of this kind proceed 

by way of tetrahedral intermediates (such as A and B in the mechanism diagram) and are common in acyl 

substitution reactions. 

 Acid catalysis is necessary to increase the electrophilic character of the carboxyl carbon atom, so it will bond 

more rapidly to the nucleophilic oxygen of the alcohol. Base catalysis is not useful because base converts the 

acid to its carboxylate anion conjugate base, a species in which the electrophilic character of the carbon is 

reduced.  

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/crbacid1.htm#crbacd6b
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/crbacid1.htm#crbacd6b
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Since a tetrahedral intermediate occupies more space than a planar carbonyl group, we would expect the rate of 

this reaction to be retarded when bulky reactants are used. To test this prediction the esterification of acetic acid 

was compared with that of 2,2-dimethylpropanoic acid, (CH3)3CO2H. Here the relatively small methyl group of 

acetic acid is replaced by a larger tert-butyl group, and the bulkier acid reacted fifty times slower than acetic 

acid. Increasing the bulk of the alcohol reactant results in a similar rate reduction. 

 

Reductions & Oxidations of Carboxylic Acids 

1. Reduction 

The carbon atom of a carboxyl group is in a relatively high oxidation state. Reduction to a 1º-alcohol takes place 

rapidly on treatment with the powerful metal hydride reagent, lithium aluminum hydride, as shown by the 

following equation. One third of the hydride is lost as hydrogen gas, and the initial product consists of metal 

salts which must be hydrolyzed to generate the alcohol. These reductions take place by the addition of hydride to 

the carbonyl carbon, in the same manner noted earlier for aldehydes and ketones. The resulting salt of a carbonyl 

hydrate then breaks down to an aldehyde that undergoes further reduction. 

 

4RCO2H   +   3LiAlH4 

ether 

----

 

 

4 H2  +   4 RCH2OM   + metal    ----            

oxides 

H2O  

 

 

4 RCH2OH   +   metal hydroxides 

Diborane, B2H6, reduces the carboxyl group in a similar fashion. Sodium borohydride, NaBH4, does not reduce 

carboxylic acids; however, hydrogen gas is liberated and salts of the acid are formed. Partial reduction of 

carboxylic acids directly to aldehydes is not possible, but such conversions have been achieved in two steps by 

way of certain carboxyl derivatives. These will be described later 

2. Oxidation 

Because it is already in a high oxidation state, further oxidation removes the carboxyl carbon as carbon dioxide. 

Depending on the reaction conditions, the oxidation state of the remaining organic structure may be higher, 

lower or unchanged. The following reactions are all examples of decarboxylation (loss of CO2). In the first, 

bromine replaces the carboxyl group, so both the carboxyl carbon atom and the remaining organic moiety are 

oxidized. Silver salts have also been used to initiate this transformation, which is known as the Hunsdiecker 

reaction. The second reaction is an interesting bis-decarboxylation, in which the atoms of the organic residue 

retain their original oxidation states. Lead tetraacetate will also oxidize mono-carboxylic acids in a manner 

similar to reaction #1. Finally, the third example illustrates the general decarboxylation of -keto acids, which 

leaves the organic residue in a reduced state (note that the CO2 carbon has increased its oxidation state.).
 
 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/aldket1.htm#rx2a
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Three additional examples of the Hunsdiecker reaction and a proposed mechanism for the transformation will be 

shown above by clicking on the diagram. Note that the meta- dihalobenzene formed in reaction 4 could not be 

made by direct halogenation reactions, since chlorine and bromine are ortho/para-directing substituents. Also, 

various iodide derivatives may be prepared directly from the corresponding carboxylic acids.  

A heavy metal carboxylate salt is transformed into an acyl hypohalide by the action of a halogen. The weak 

oxygen-halogen bond in this intermediate cleaves homolytically when heated or exposed to light, and the 

resulting carboxy radical decarboxylates to an alkyl or aryl radical. A chain reaction then repeats these events. 

Since acyl hypohalites are a source of electrophilic halogen, this reaction takes a different course when double 

bonds and reactive benzene derivatives are present. In this respect remember the addition of hypohalous 

reagents to double bonds and the facile bromination of anisole. 

Hell-Volhard-Zelinsky Reaction 

 

Treatment with bromine and a catalytic amount of phosphorus leads to the selective α-bromination of carboxylic 

acids. 

 

Mechanism of the Hell-Volhard-Zelinsky Reaction 

Phosphorus reacts with bromine to give phosphorus tribromide, and in the first step this converts the carboxylic 

acid into an acyl bromide. 

 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/addene1.htm#add3b
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/addene1.htm#add3b
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/benzrx1.htm#benz3


 

INDORE INDIRA SCHOOL OF CAREER STUDIES 

                           B.Sc.  IV SEM 

             SUBJECT -  CHEMISTRY 

 

 

[Study Notes – For Private Circulation Only] 

31 | P a g e  

An acyl bromide can readily exist in the enol form, and this tautomer is rapidly brominated at the α-carbon. The 

monobrominated compound is much less nucleophilic, so the reaction stops at this stage. This acyl intermediate 

compound can undergo bromide exchange with unreacted carboxylic acid via the anhydride, which allows the 

catalytic cycle to continue until the conversion is complete. 

 

Decarboxylation  

Carboxylic acids that have a carbonyl group two carbons over (this is called the “beta” position) can lose carbon 
dioxide quite readily – heating above 150 degrees C will do the trick. 

Most carboxylic acids won’t lose CO2 this way, because it would lead to formation of an unstable 
carbanion.  But when a carbonyl is present, two carbons over, an enol can be formed, which is resonance-

stabilized.  

Here’s what the reaction looks like. 
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Unit- 4 

Carboxylic acids ,co-ordination and green chemistry  

 

Carboxylic acids derivatives  
Carboxylic acids have a hydroxyl group bonded to an acyl group, and their functional derivatives are prepared 

by replacement of the hydroxyl group with substituents, such as halo, alkoxyl, amino and acyloxy. Some 

examples of these functional derivatives were displayed earlier. 

The following table lists some representative derivatives and their boiling points. An aldehyde and ketone of 

equivalent molecular weight are also listed for comparison. Boiling points are given for 760 torr (atmospheric 

pressure), and those listed as a range are estimated from values obtained at lower pressures. As noted earlier, the 

relatively high boiling point of carboxylic acids is due to extensive hydrogen bonded dimerization. Similar 

hydrogen bonding occurs between molecules of 1º and 2º-amides (amides having at least one N–H bond), and 

the first three compounds in the table serve as hydrogen bonding examples.  

 

Physical Properties of Some Carboxylic Acid Derivatives 

Formula IUPAC Name 
Molecular 

Weight 

Boiling 

Point 
Water Solubility 

CH3(CH2)2CO2H butanoic acid 88 164 ºC very soluble 

CH3(CH2)2CONH2 butanamide 87 216-220 ºC soluble 

CH3CH2CONHCH3 N-methylpropanamide 87 205 -210 ºC soluble 

CH3CON(CH3)2 N,N-dimethylethanamide 87 166 ºC very soluble 

HCON(CH3)CH2CH

3 

N-ethyl, N-

methylmethanamide 
87 170-180 ºC very soluble 

CH3(CH2)3CN pentanenitrile 83 141 ºC slightly soluble 

CH3CO2CHO 
ethanoic methanoic  

anhydride 
88 105-112 ºC reacts with water 

CH3CH2CO2CH3 methyl propanoate 88 80 ºC slightly soluble 

CH3CO2C2H5 ethyl ethanoate 88 77 ºC 
moderately 

soluble 

CH3CH2COCl propanoyl chloride 92.5 80 ºC reacts with water 

CH3(CH2)3CHO pentanal 86 103 ºC slightly soluble 

CH3(CH2)2COCH3 2-pentanone 86 102 ºC slightly soluble 

 

 

The last nine entries in the above table cannot function as hydrogen bond donors, so hydrogen bonded dimers 

and aggregates are not possible. The relatively high boiling points of equivalent 3º-amides and nitriles are 

probably due to the high polarity of these functions. Indeed, if hydrogen bonding is not present, the boiling 

points of comparable sized compounds correlate reasonably well with their dipole moments. 

 

 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/crbacid1.htm#crbacd3
https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/crbacid1.htm#crbacd4a
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2. Nomenclature 

 

Three examples of acyl groups having specific names were noted earlier. These are often used in common names 

of compounds. In the following examples the IUPAC names are color coded, and common names are given in 

parentheses. 

 

• Esters: The alkyl group is named first, followed by a derived name for the acyl group, the oic or ic suffix in 

the acid name is replaced by ate. 

    e.g. CH3(CH2)2CO2C2H5 is ethyl butanoate (or ethyl butyrate). 

    Cyclic esters are called lactones. A Greek letter identifies the location of the alkyl oxygen relative to the 

carboxyl carbonyl group. 

 

• Acid Halides: The acyl group is named first, followed by the halogen name as a separate word. 

    e.g. CH3CH2COCl is propanoyl chloride (or propionyl chloride). 

 

• Anhydrides: The name of the related acid(s) is used first, followed by the separate word "anhydride". 

    e.g. (CH3(CH2)2CO)2O is butanoic anhydride   &   CH3COOCOCH2CH3 is ethanoic propanoic anhydride (or 

acetic propionic anhydride). 

• Amides: The name of the related acid is used first and the oic acid or ic acid suffix is replaced by amide (only 

for 1º-amides). 

    e.g. CH3CONH2 is ethanamide (or acetamide). 

    2º & 3º-amides have alkyl substituents on the nitrogen atom. These are designated by "N-alkyl" term(s) at the 

beginning of the name. 

    e.g. CH3(CH2)2CONHC2H5 is N-ethylbutanamide;   &   HCON(CH3)2 is N,N-dimethylmethanamide (or N,N-

dimethylformamide). 

    Cyclic amides are called lactams. A Greek letter identifies the location of the nitrogen on the alkyl chain 

relative to the carboxyl carbonyl group. 

 

• Nitriles: Simple acyclic nitriles are named by adding nitrile as a suffix to the name of the corresponding alkane 

(same number of carbon atoms).  

    Chain numbering begins with the nitrile carbon . Commonly, the oic acid or ic acid ending of the 

corresponding carboxylic acid is replaced byonitrile.  

    A nitrile substituent, e.g. on a ring, is named carbonitrile. 

    e.g. (CH3)2CHCH2C≡N is 3-methylbutanenitrile (or isovaleronitrile). 

 

Reactions of Carboxylic Acid Derivatives 

1. Acyl Group Substitution 

This is probably the single most important reaction of carboxylic acid derivatives. The overall transformation is 

defined by the following equation, and may be classified either as nucleophilic substitution at an acyl group or 

as acylation of a nucleophile. For certain nucleophilic reagents the reaction may assume other names as well. If 

Nuc-H is water the reaction is often called hydrolysis, if Nuc–H is an alcohol the reaction is called alcoholysis, 

and for ammonia and amines it is called aminolysis. 

 
Different carboxylic acid derivatives have very different reactivities, acyl chlorides and bromides being the most 

reactive and amides the least reactive, as noted in the following qualitatively ordered list. The change in 

reactivity is dramatic. In homogeneous solvent systems, reaction of acyl chlorides with water occurs rapidly, and 

https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/aldket1.htm#aknom2
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does not require heating or catalysts. Amides, on the other hand, react with water only in the presence of strong 

acid or base catalysts and external heating. 

Reactivity:   acyl halides > anhydrides >> esters ≈ acids >> amides 

Because of these differences, the conversion of one type of acid derivative into another is generally restricted to 

those outlined in the following diagram.. The carboxylic acids themselves are not an essential part of this 

diagram, although all the derivatives shown can be hydrolyzed to the carboxylic acid state (light blue formulas 

and reaction arrows). Base catalyzed hydrolysis produces carboxylate salts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Molecular orbital theory  
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Green chemistry – 

 
Green chemistry overlaps with all sub disciplines of chemistry but with a particular focus on chemical 

synthesis, process chemistry, and chemical engineering, in industrial applications. To a lesser extent, the 

principles of green chemistry also affect laboratory practices. The overarching goals of green chemistry—
namely, more resource-efficient and inherently safer design of molecules, materials, products, and processes—
can be pursued in a wide range of contexts. 

 

The principles cover such concepts as: 

 the design of processes to maximize the amount of raw material that ends up in the product; 

 the use of renewable material feedstocks and energy sources; 

 the use of safe, environmentally benign substances, including solvents, whenever possible; 

 the design of energy efficient processes; 

 avoiding the production of waste, which is viewed as the ideal form of waste management. 

 

12 tents  

 

The twelve principles of green chemistry are: 
1. It is better to prevent waste than to treat or clean up waste after it is formed. 

2. Synthetic methods should be designed to maximize the incorporation of all materials used in the 

process into the final product. 

3. Wherever practicable, synthetic methodologies should be designed to use and generate 

substances that possess little or no toxicity to human health and the environment. 

4. Chemical products should be designed to preserve efficacy of function while reducing toxicity. 

5. The use of auxiliary substances (e.g. solvents, separation agents, etc.) should be made 

unnecessary wherever possible and innocuous when used. 

6. Energy requirements should be recognized for their environmental and economic impacts and 

should be minimized. Synthetic methods should be conducted at ambient temperature and 

pressure. 

7. A raw material or feedstock should be renewable rather than depleting wherever technically and 

economically practicable. 

8. Reduce derivatives – Unnecessary derivatization (blocking group, protection/deprotection, 

temporary modification) should be avoided whenever possible. 

9. Catalytic reagents (as selective as possible) are superior to stoichiometric reagents. 

10. Chemical products should be designed so that at the end of their function they do not persist in 

the environment and break down into innocuous degradation products. 

11. Analytical methodologies need to be further developed to allow for real-time, in-process 

monitoring and control prior to the formation of hazardous substances. 

12. Substances and the form of a substance used in a chemical process should be chosen to 

minimize potential for chemical accidents, including releases, explosions, and fires. 

Governments and scientific communities throughout the world recognize that the practice of green chemistry 

and engineering not only leads to a cleaner and more sustainable earth, but also is economically beneficial with 

many positive social impacts. These benefits encourage businesses and governments to support the development 

of sustainable products and processes. The United States, desiring to reward and celebrate significant 

achievements in Green Chemistry, has given out an annual award since 1996, the Presidential Green Chemistry 

Challenge Award. 

 

Examples of green chemistry  accomplishments listed below illustrate how green chemistry impacts a wide 

array of fields, from pharmaceuticals to housewares, and offer a pathway to a better world. 

 

2.From Research to Practice  

 

https://en.wikipedia.org/wiki/Chemical_synthesis
https://en.wikipedia.org/wiki/Chemical_synthesis
https://en.wikipedia.org/wiki/Process_chemistry
https://en.wikipedia.org/wiki/Chemical_engineering
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In 2005, the Nobel Prize in chemistry was awarded for the discovery of a catalytic chemical process called 

metathesis – which has broad applicability in the chemical industry. It uses significantly less energy and has the 

potential to reduce greenhouse gas emissions for many key processes. The process is stable at normal 

temperatures and pressures, can be used in combination with greener solvents, and is likely to produce less 

hazardous waste. 

 

In 2012, Elevance Renewable Sciences won the Presidential Green Chemistry Challenge Award by using 

metathesis to break down natural oils and recombine the fragments into high-performance chemicals. The 

company makes specialty chemicals for many uses, such as highly concentrated cold-water detergents that 

provide better cleaning with reduced energy costs. 

 

3.Computer Chips 

 

To manufacture computer chips, many chemicals, large amounts of water, and energy are required. In a study 

conducted in 2003, the industrial estimate of chemicals and fossil fuels required to make a computer chip was a 

630:1 ratio! That means it takes 630 times the weight of the chip in source materials just to make one chip! 

Compare that to the 2:1 ratio for the manufacture of an automobile. 

 

Scientists at the Los Alamos National Laboratory have developed a process that uses supercritical carbon 

dioxide in one of the steps of chip preparation, and it significantly reduces the quantities of chemicals, energy, 

and water needed to produce chips. 

Richard Wool, former director of the Affordable Composites from Renewable Sources (ACRES) program at the 

University of Delaware, found a way to use chicken feathers to make computer chips! The protein, keratin, in 

the feathers was used to make a fiber form that is both light and tough enough to withstand mechanical and 

thermal stresses. The result is feather-based printed circuit board that actually works at twice the speed of 

traditional circuit boards. Although this technology is still in the works for commercial purposes, the research 

has led to other uses of feathers as source material, including for biofuel. 

 

4.Medicine 

 

The pharmaceutical industry is continually seeking ways to develop medicines with less harmful side-effects and 

using processes that produce less toxic waste. 

 

Merck and Codexis developed a second-generation green synthesis of sitagliptin, the active ingredient in 

JanuviaTM, a treatment for type 2 diabetes. This collaboration lead to an enzymatic process that reduces waste, 

improves yield and safety, and eliminates the need for a metal catalyst. Early research suggests that the new 

biocatalysts will be useful in manufacturing other drugs as well. 

Originally sold under the brand name Zocor®, the drug, Simvastatin, is a leading prescription for treating high 

cholesterol. The traditional multistep method to make this medication used large amounts of hazardous reagents 

and produced a large amount of toxic waste in the process. Professor Yi Tang, of the University of California, 

created a synthesis using an engineered enzyme and a low-cost feedstock. Codexis, a biocatalysis company, 

optimized both the enzyme and the chemical process. The result greatly reduces hazard and waste, is cost-

effective, and meets the needs of customers. 

  

 

5.Biodegradable Plastics 

 

Several companies have been working to develop plastics that are made from renewable, biodegradable sources.  

 

NatureWorks of Minnetonka, Minnesota, makes food containers from a polymer called polylactic acid branded 

as Ingeo. The scientists at NatureWorks discovered a method where microorganisms convert cornstarch into a 

resin that is just as strong as the rigid petroleum-based plastic currently used for containers such as water bottles 

and yogurt pots. The company is working toward sourcing the raw material from agricultural waste. 
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BASF developed a compostable polyester film that called "Ecoflex®." They are making and marketing fully 

biodegradable bags, "Ecovio®,"made of this film along with cassava starch and calcium carbonate. Certified by 

the Biodegradable Products Institute, the bags completely disintegrate into water, CO2, and biomass in industrial 

composting systems. The bags are tear-resistant, puncture-resistant, waterproof, printable and elastic. Using 

these bags in the place of conventional plastic bags, kitchen and yard waste will quickly degrade in municipal 

composting systems. 

  

 

6.Paint 
 

Oil-based "alkyd" paints give off large amounts of volatile organic compounds (VOCs). These volatile 

compounds evaporate from the paint as it dries and cures and many have one or more environmental impacts. 

 

Procter & Gamble and Cook Composites and Polymers created a mixture of soya oil and sugar that replaces 

fossil-fuel-derived paint resins and solvents, cutting hazardous volatiles by 50 percent. Chempol® MPS paint 

formulations use these biobased Sefose® oils to replace petroleum-based solvents and create paint that is safer to 

use and produces less toxic waste. 

Sherwin-Williams developed water-based acrylic alkyd paints with low VOCs that can be made from recycled 

soda bottle plastic (PET), acrylics, and soybean oil. These paints combine the performance benefits of alkyds 

and low VOC content of acrylics.  In 2010, Sherwin-Williams manufactured enough of these new paints to 

eliminate over 800,000 pounds, or 362,874 kgs, of VOCs. 
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