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Amine:
con belong 10 3 CICEONY.

difers from carbon
he nitrogen atom is
ms. A primary amine b

Organic molecules containing

pounds called amines. Nitrogen d

o draw, nd name bonds o other toms. In primary amines,
o one carbon atom and owo hydrogen 3t

e onia Re_NH;, Figure 7.11a shows the structure G

B amine MDA, which is one of the main ingredicnts i €CStiSy
‘The compound in Figure 7.11b is MDMA and is an camplé
ondary amine. MDMA is also an ingredicnt in ecstasy ablet:
‘onday amines, the nitrogen atom is bonded to two carbon.

) one hydrogen atom. The general formula for secondary amincs
The compound in Figure 7.1 c is cocaine, an cample of a tertiaryy
Tertary amines have thee carbon atoms bonded directly to the
¢} atom, and the general formula is RN

D “Amines are named by isting in alphabeical order the carbon
attached to the nitrogen atom. The simplest primary amine s

Matryaine (CHN), » primry amine, CHiNH;. The simplest sccondary amine is. dimet

amine (CHiy):NH, and the simplest tertiary amine is trimethylamine,

u s
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Worked Example
Draw the strctuesfo the 1

) Proplamine. ™" compounds:
() Buyimethyamine

(©) Ethylmerhylpropylamine
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78: Aohols, Adohydes, and Carborylc Acds
oLUTION
(e) Propylamine has  3.C chain on a irogen atom with tvo
i
apdrogen atoms: CHy— Chy—CHy— N—H
(5) Butlethylamine his a4 chainand a 2 chain on a itrogen
e vith ot hydogen son:
[
CHy—CHy — CHy — CHy — N — CH,— CHy

(€) Exhylmethylpropylamine has a 2-C chai
CH

chuin on a nitrogen atom: CHy—CHy —N — CHy —CHy — CHy

4 1-C chain, and 2 3-C

Practi
Name the

713

ollowing molecules

e

) CHy— CHy— CHy — N— Cly—Ciy— City—CHy—CHy
o

4 Coly— Co13— N — CHy— CHy— CHy— Ciy— Ciy —CHg
it

(6 Chy— City —N— iy — CHy— City—City

ANSWER

@ Penylpropylamine

(b) Edhylhesylmet
(©) Butylechylamine

- Alcohols, Aldehydes, and Carboxylic Aci

In Germany, a fis offender for drunk driving s heaviy fined and may
lose hi or her diriver’ license permancntly. Iniall,the severe penaltcs
encouraged drivers to flee the accdent scene if alcohol was involved.
Hours laer, when police apprehended a suspect with akohol on the
breath, the suspect might cam the alcohol was consumed aftr the acc-
dent o calm nervs. This is no longer a commonly used defense for 3
simple reason: A blood sample taken hours aftr an accdent can be used
10 determine whecher the suspect was drunk at the time of the sccident.
How thi can be done requires an understanding of alcobol compounds
and the producs of ther metabolism: aldehydes and carbaxylc acids.
The alcohol functional group is R—OH. The simplst alcohol is
methanol (CHOH), in which a methyl group (— CHy) i bonded tthe
g of the —OH group. Ethanol (CH\CH,OH) s the main com.
Pound consumed in alcoholic beverages. It should be pointed ous that

Recognize, draw, and name.
alcohols, aldehydes, and
carboxylic acids.
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almost al alcohol compounds ae toric to varying degrecs and can
lead to death if consumed in quantiiesthat exceed the toxic thcshod.
‘The term congener reers to any compound that sharcs the same
functional group with another compound. More than 800 diffcrent come
pounds have been identifie in various alcoholic bevcrages, most of which
contribute to the color and taste of the beverage. Many of the akohol
congener compounds are poisonous if ingested at high enough concen
trations, Furthermore, the metabolism of cthanol and alcohol congenery
produces compounds with greater toxicty, called aldebydes.
J Alcohols are named by modfing the cnding of the crbon
‘name with -, For alcohol compounds with at lcas three carbon atoms,
Methanal (CH,O) s 0 mombar of the there are isomers based on the location of the —OH group. The name

alcohol functional group. Allacohols  of the compound then includes the carbon number for the —OH group.
hare the R-ON structur, For example:

H,

1-propanol = CH3CHyCH20H

on

1
2 propanol = CH3CHCH3

If there are two —OH groups on the chain of carbon atoms, the end-
ing is -dio, as in 1,2-ethanediol, the substance in the Patricia Stallings’
case study

Worked Example|

Wrte the structural formulas for the following compounds that are al
alcohol congeners found i sicoholic beverages:

@) 1-propanal

(6) 2-butanol

(©) Methanol

SOLUTION

(8) A 3-C chain with an —OH group on carbon atom numbes 1+
HO~CH~CHy— CH; " et

(b) A 4-C chain with an —OH group on carbon atom number 2¢
QG group ‘ ber 2¢

on g
(€) One carbon atom with an —OH group: CHy— OH 3
Practice 7.14

Name the following compounds;
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The simplest aldchyde is meatanns ACede gencal formula i R—CH

(HCHO), which consists of one car-

(Worked Example 5]

Wate the structures of the following ald -
el of whih s e
e during the el of skl b

(2) Propanal
(b) Butanal
(€) Methanal

SOLUTION

i
(3) A 3-C chain ending with C=0: CH;CH,CH
o

1
(b) A 4-C chain ending with C=0: CH3CHyCH;CH
o

i
() A 1-C chain with C=0: HCH

Practice 7.15

Name the following compounds, which are produced during decompo-
St of the human body and are studicd as possible markers for clec-

ronic grave site deteetion.

219

2 2

Ethanal (C:H.0) s 8 member of the
aidanyde functional group. Al
]

danyds share the R-CH strcture

b
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Carboxylic Acids
s of a tem

The carboxylic acid fnctional group CONSISt
e oth a double-bonded orygen stom and an QR

i
The general formula is represened as R—C—OH or R=COO)
ol group, nor s it a hydroxide o

terminal —OH group is not an alcoho
Carboxylic acids are weak acids that partaly dissociate to form HE

Re-COO" ions in solution. The simplest carboxylic acid is
acid and contains one carbon atom. The metabolism of
{CHLCH,OH) first involes its conversion to ethanal (CHICHO),
is an aldchyde. The ethanal in tum is converted to cthanoic.
(CHLCOOH), which s a carbosylic acid. You previously learned the con
mon name of ethanoic acid—aceri acid, the main ingredient in

“The name of the carbosylic acid compounds is ereated by
the ending of the name of the carbon chain with -oic and adding the word

Wit e o s o th compounds vl i
(@) 12-cthancdiol

(b) Propancic

(©) 2 methylpropancdie acid
sowToN

(@) A2:C chain with an —OH on cach carbon atom: HO"

o
::;:imm:mmmmw \)\0‘
<hain with —CH on carbon ;
’Q. YRS number 2 and.
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o Formula iy Example Name
Whanes CaHayy CH3CH,CH; C chain length + -ane Propane
ClHan CHy=CHyCH,  C=C location Lpropene
+C chain length + -ene or propene)’
woes GHuy  CH=cCH; Tocation Lpropyne
+C chain length + e (or propync)’
rs R=O—R  CH,OCH,CH;  Short C chain + 0 Methoxyethane
? 9 +long C chain + -ane
Ketones R-C-R  CHyCCH, 0= location 2-propanon
[ ? + G chain length + ome (or propanonc)
Exers R-0=C-R CH;OCCH;  C chain not touching C=0, Methyl ethanoatc
C chain length + -oare
Amines. RN CHyNHCH,CH;  Name cach C chain Ethylmethvlamine
(alphabetical order)
Akohols R—OH CH,0H © chain length + o/ Methanol
o
i
Aidehydes R-CH CHiCH C chain length + -al Ethanal
Cubowylc acids R—C—OH __ CH3COH C chain length + -oic + acid__ Eshanoic acid

Ve ther s cnly one pomsbie ocation for & ancional §rp, provRlg the number s Unnecesary

ANSWER
“The carbonylic acid functional group must occur on  terminal carbon
atom.

“The final qhﬂ-weﬁluﬂm{ is t0 form carbon diox-
e and water. ‘will metabolize ethanol, which is pres-
c than the alcohol congeners, befor it
. Therefore, the amount of alcohol con
by measuring the relative amounts
n the blood.
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: i dru
i o e E full of cooking oil

inpired crck hoses 1 keep  cock por ul of cooking i e
il imes, When police would rid a cack house, the deale
et dmg s eyt . ot il kg 4 would
stroy the crack cocaine e
ecause crack cocaine s a nonpolar compound, it dissalvs in
Cdres o aibie o, Nevertheles, forensic chemists

rics of seps that exploit

b pr

Pl slvents such s egetble o
recover the crack cocaine from oil using a
solubiliy of polar and nonpolar compounds and the aci
Foran <ompont Wil o ol he prinpcs hat ke
recovery of the crack cocaine possible

We have discussed carborylic aids as ¢
thee e oganic compounds, such 1 orgac smincs tat SRR
a8 bases. According to the definitions previously given, ac
s prduce e H fons i an aqueous soution and bases e
compounds that produce free OH ions in an aqueous solution. Thisis
often referred 10 2 the Arrhenius definition of acids and bases.

However, we can describe acids and bases in a broader way by using
the Bronsted-Lowry definition: An acid i any compound that can do-
nate a hydrogen fon; a base is any compound that can ac
ion. The Bronsted-Lowry acid-basc definition expands the number
compounds that we consider to be acids or bases. All compounds
‘were identified as acids and bases from the Arrhenius definition st
the new Bronsted-Lowry definition

Why do amincs fit the definition of a base? If we examine the
lence clectron arrangement of a nitrogen atom, we sec that nitro
has five valence clectrons available to form bonds. However, in all
the amine structures, only three covalent bonds are found on nitroy
Because cach atom in a bond shares one clectron, nitrogen is sharg
only three of its five valence electrons. The other two are called o
pair electrons—clectrons that are paired up in an orbital and are
part of a covalent bond. The lone pair electrons impart a highly
tive region around the nitrogen atom that can attract a positive
such as the H ion. Figure 7.12 shows the abiliy of an amine to.
as a Bronsted-Lowry base, and a carboxylic acid 1o act as 4 B
Lowry acid.

Returning to the crock-pot situation, the task of a forensic sci
is to deternine whether crack cocsine s dissolvd i an ol sample
if 50, how t0 separate the drug from the solution so that it can
a5 evidence, The structure of erack cocaine (sce Figure 7.9) shoms
is an amine because it contains a itrogen atom bonded o hee
groups. And, as we saw above, amines are organic bases, “This prof

i

ire 7.12 By
:'!"f#i« o
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Figure 7,13 Exroction ofacidi o bsic orgnic compounds.

of amines s important in the separation of crack cocaine from oil. But
organic acids also play a part.

Carboxylic acids, especially those with long carbon chains, tend t©
isolve in nonpolar organic solvents such as vegetable oil. However, if
you deprotonate (remove a proton from) the carboxylic acid and convert
¢ into an anion, it becomes soluble in water and not in the organic sol
\ent, The amine compounds also dissolve in organic solvents when in the
neutral state, but when protonated (given a proton) to form a cation,
mines become insoluble n organic solvents and solubl in water. Knowl-
“dge of these principls of solubilty and acd-base cheristy slows o
o ot scientis to use the pH of a solvent like a switch to control the
solubilicy of compounds in either organic solvents or water.

A procedure for the of acidic, basic, and neutral organic
molstujes from an organic solvent is shown in Figure 7.13. The pear.
e otainer iscalled s epsratory funnel and i specfcly designcd

rocedure. Al the molecues in the organic

for this type of
solvent are initally neutral:

solvent either an acid such as
amine and a
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s theoraic molecls 7 1o nd bl 13
s g

e i
- e s e 2 o e

oo Figore 7,134, Recll that the 30460t sy
contins the onic form of the OrBARic <OMPOMT ¢
I o e menraizition of e KU n (it
D saed. Tis cases e onic organe €OmP
neutral. "
+ When the ionic form of the organic compoun :
e o and can easily be iltred, as shown in FISLISS
pic solvent always
The neutral organic molecules in the organic s
theee and. can aypicaly be recovered by evaporating the OrgARIESS
Solvent and leaving the neutral organic molecules behind.

ypicaly the aqt

Worked Example!
Descibe how to determine whether 3 smple of vegetable oi
crack cociine

'SOLUTION Cocsine has a teriary amine functional group.
a sample of the oil were treated with aqueous hydrochloric acid,
caine salt would dissolve i the water. Afier the aqueous sol

until the cocaine salt is neutralized and the crack cocaine pr
out of solution.

Practice 7.17

Many over-the-counter pain medicines contain aspirin and ca
do you isolate the two compounds from a tablet? The
aspirin and caffcine are shown in the figure below,

[
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sred radiation can be used to positively idendy
1 chemical compound and is commonly used in 3
rensic aboratory for amalyzing. erganic com.
onds such s illegal and prescription drugs. In-
‘e radiation helps 0 secure convictons sgaine
housands of drug dealers each yeary and it - sl
i 1o the analyss of documents, inks, plastic
i explosives. To understand how nfrared radia.
o is sed 10 identify compounds, it i necessry
o ook into what happens when infared.light
rkes an objeet,
he infrared region of the spectrum begins
e the red region of visble light ends. Infrared
sdation i invisible to the human eye, but we sense
1 2 heat when it strikes ou skin. Obviousy, the
lecules that make up our skinare affected by i
ared radiation, but how? When inffared radiation
eraces with our sk, the bonds between the mo

s ofourskinsborb the crergy, and the e
e ofthe ki ncrescs,

1t Likewise, the bonds that form between atoms
i meteclc s cpae of abiobing nfrrd
i, Th bonds ar not g, bl comnec:
s ha o the. stoms o single fned
poion: Rathe, he bonde act more ke sprigs
ke the wo st ogethr. The bondscn
Lherclot b compresed,srctahed, o bent jus ke
'ping. Fgare 714 shows the three prncple i
ekt o ocar i b b soms
when infred adiaion sies  molece, A mol
e wil s he nfred aditon fth o
i ofthe radation mtches the energy of one of
i

here ar two main regons of intrest. when
mesurng the. sbeorton of i radation
he Runcional group. regon. (4000 cm ) o
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) a the fingerpen region (1300 cm1

m cm 1) Note tht for inrared adiaion, the

radiional unit wsed to specfy the frequency o

ar e radistion s the ware number,
Of waves per centimeter.

‘roup region shows charac-

patterns or bands for cach of

1 ‘roups covered in this chapter.

example, 3 carbon atom with a single bond

103 hydrogen atom (C—H) absorbs infared rs

diation in the range of 2850 to 2980 cm ',

Whereas an oxygen atom single bonded o3 by

liagen atom (O—H) alaisg
3300 0 3550 cm ;
The fingerprine region providesa

jon bands for cach
I of the atoms within the

e e e
g ey b melecal,
rproduced B ocated with cach
o T 14 depends o
o e th stoms (snge
e ot s of toms e
o e 715 shows the

sorpi
from
going vib

"

Buane

H-G-C-C-C-H

HH

H
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um of butane and 1-butanol. Notice the change
1 both the functional group region and the finger-
sint region, caused by the addition of a simple al
Cohol functional group.

In the laboratory, the inffared spectrum is ob.
incd using an instrument called a Fourier Trans-
form Infrared Spectrometer (FTIR). The Fouricr

ansorm is a complex. mathematical process (be:
ond the scope of this book) used to obtsin the sig
nal from the raw data. For analysis of  compound,
the sample is placed inside the instrument and the
spectrum is obtained within minutes. The experi

227

mentally obtained spectrum is compared with a li-
3 e by the manufac-

ey ofsandardspects preared
O dromen. A tentative match can be
e he spec of the compound is
i th horay. The FTIR syt is ver-
it i cn o e 1o measre the pec-
e o, s, and s One liitaton of

T iyt dos ot work welfor com:
it mvurs, because th resuling spectrum
e e oo ofall ompounds withinthe
e LR anays wasnot usd i the Sallngs

o i ey rsson

case study most ikely

| A typical IR systom. Pk Ene)

CAsE STUDY FINALE:
The Experts Agreed

[P smtos o fossmoner s et
e e esie showed e pessrcs of 12.thnedil i v
o oot et baby el o Prove i b nocen of e -
o ars Th e 8h o i Iocercs cana whon Ayt
B Rl e e, e srowio e

S stk o o N, oo prets e i
oo dlagnoosd i Scknes 8 sl

deme o i gt shss I Wt by Unal o pop

bother David Jr. who w

e hospital, whe

“y digost proteins.

Vihen the body digests protein, propancic acd is produced. Th
Sepan acd i then converted to 2methyproponediic i, often called
ahyimaionic oei. When 8 person suffers fom MMA and s food high
11 ot auch as boby formul, the body can buid up anexcessive amount
9 ropanci ackd. Tis bullup creates sympioms ke those isplayed by

5 Sings and han by s il brther

Patici Stalings 5 Lovs Aot sprch)
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Considering the new pi
what question(s should th de
vestigated and why e

SOLUTION Since the symptoms Ryan cxPerienie, BYEL i g
were similar to those being expericnced

responsible for his
have had MMA? Could MMA have becn T€5P9

Practice 7.18

ser brother did
2 gan did have MMA as his younger ’
Even IERyan did bave SULL 8 ings. What cvidence from i
and con ed by MMA?

immediatel
study could and could not be explain

ANSWER .
Although Ryan’s symptoms matched those of 2 pcr:;nln;ﬁ‘cm‘
MMA, the laboratory samples of Ryan’s blood showed 1,2

nor propanoic acid.

The question In Practice 718 ralses an nteresting count
Gould the aboratory have been mistaken when it said the samples.
the presence of 12-ethanediol and not propanoic acid? In Worked
ple 16, you determined the structures of the two molecules, and it
dent that the similarty between the molecules is minimal. The
in question have a different number of carbon atoms and diff
tional groups. Thus, the two molecules should have substantially diff
propertes. Furthermore, a sacond laboratory confirmed the resul
blood work.

Further tsting on Ryan's blood clearly established that he Was,
suffering from MMA. Only 1in 50,000 newborns is diagnosed with M
Byan and David Jr. had parents who were both carriers of the gen
gave the children a 1 out of 4 chance of having MMA.

Or. Willam iy and his colleague Dr. James Shoemaker of St
versity had been following the case with some interest. The two bio
couldn' accept the idea that a child with MMA was poisoned
pound that would mimic MMA symptoms. Sly and Shoemaker
obain a sample of Ryan's biood, on which they conducted a
They added a reagent that would turn a purple color "

" if ethylene g
ethanedio) were present. The blood sample did not tur purp
by this finding, the two scientsts came 1o the conclusion that
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o Summary 229

¢ explanation was that the laboratory analysis was incorrect and that
 glycol was never in Ryan's bloog

i point, even the prosecutors started to doubt their case against
a stalings and consulted one of the leading experts on genetic dis-
0r.Piero Rinaldo, who was at Yale University at the time. Dr. inaldo

<oning was actually responsible for his eath. The hospital had admin-
29 ethanol to Ryan, which is the correct treatment for antireeze poi-
"o However, in this case the ethanol was converted into cxalate fons,
1 combined with Calcium in the blood and precipitated out of solution.
1ling calcium oxalate crystals caused severe kidney and brain dam-
aly. an independent analysis of the bottl used to feed Ryan showed
there was no ethylene glycol present.
4 new tril was ordered for Paticia Stallngs. The prosecutors dropped.
nerges and she was freed. Little David Jr. had proven his mather's in-
once and helped to solve the tragic events surrounding his brother's
sath

owi———

- hanes consis of hains ofsingle-bonded carbonbonded crbon atoms. Another type of common
o Sttt g i Oult compount & raen whik o et
1+ i he genric ormul e Themum: by 3 s-cabon ing ith sicnating double and
e oms in the chiin s xpresed by sigle bonds The benzcne rin can sso be mod-

Wi et for onc carbon,  fcd by the wachmen of an — OH group o form
e o thee,and soony s shown phenol,a <y group 0 fon e, an

e e s added o allane —NH o form anilne.

in Table 7.1, The tDI:lﬂl i . i Al e
s bt ‘on the presence of unctional groups that include
e sene e : the ketone,cther,ester, amine, slohl, aldehyde,
s of coap o0 and carboryc cd groups.
arvon sora . Aninesar an cxample of an orgaie Bronsed.

ol Lowy bis sccepsahydrogen on) and carborylc
o il acidsare an example ofan organic Bronstcd- Lowry
l formulas but do. - L e e b Loy

tucures. One e e e

P * acidsfrom mistures. The fonic forms of the com-

+rbon chaiiy * pounds are soluble in water whereas the neutral

e solubl in nonpolar organic sovents.





