


travel	 faster.	The  fragments,	 sorted	
by	 mass,	 produce	 a	 pattern	 that	 is	
characteristic	 of	 the	 original	 mol-
ecule.	 An	 unknown	 molecule	 can	
thus	be	 identified	by	comparing	 its	
fragmentation	 pattern	 to	 a	 catalog	
of	 known	 fragmentation	 patterns.	
The	wonder	of	the	mass	spectrome-
ter	is	its	great	sensitivity—if	you	can	
see	the	sample	injected	into	a	mass	
spectrometer,	it	is	way	too	much!

The	 mass	 spectrometer	 is	 often	
used	in	tandem	with	other	analytical	
tools,	 such	 as	 the	 gas chromato-
graph,	 which	 volatilizes	 mixtures	
and	 separates	 them	 into	 their	 indi-
vidual	 components.	 Each	 compo-
nent	is	then	analyzed	with	the	mass	
spectrometer.	These	are	the	tools	of	
choice	 for	 testing	 bodily	 fluids	 for	
ingested	 compounds,	 such	 as	 illicit	
drugs	or	sports-enhancing	steroids.	
Instruments	 at	 the	 International	
Olympics,	 for	 example,	 are	 stan-
dardized	to	detect	hundreds	of	dif-
ferent	agents	that	are	prohibited	for	
use	by	Olympic	athletes.

A	 type	 of	 mass	 spectrometer	 is	
also	 employed	 at	 airports	 to	 check	
for	 compounds	 that	 may	 be	 used	
as	 explosives.	 The	 technician	 rubs	 a	
swab	 inside	 a	 piece	 of	 luggage	 and	
then	places	the	swab	within	the	highly	
sensitive	spectrometer,	which	tests	for	
a	wide	assortment	of	potentially	dan-
gerous	compounds.	For	luggage,	the	
spectrometer	 is	 used	 in	 conjunction	
with	an	X-ray	machine	that	 identifies	
the	 density	 of	 the	 contents.	 Many	
explosives	have	a	density	comparable	
to	water,	which	 is	a	 reason	why	pas-
sengers	 are	 discouraged	 from	 pack-
ing	water	or	liquid	toiletries	into	their	

luggage.	 These	 X-ray	 machines	 are	
also	able	to	assess	the	average	atomic	
number	 of	 the	 atoms	 within	 the		
luggage.	 This	 is	 helpful	 because		
the	 chemicals	 of	 explosives	 tend	
to	 be	 made	 from	 nitrogen	 (atomic	
	number 7).	A	 region	of	 the	 luggage	
containing	an	average	atomic	number	
of	around	7	 likely	contains	explosive	
materials.

Modern	 technology	 used	 by	
	forensic	 scientists	 is	 not	 foolproof	
or	 without	 its	 limitations.	 Collected	
material	evidence	needs	to	be	taken	
in	context	and	weighed	against	other	
factors,	 such	 as	 	witness	 accounts	
and	the	possibility	 that	physical	evi-
dence	 has	 been	 tampered	 with—	
intentionally	or	unintentionally—prior	
to	 being	 collected.	 That	 said,	 mod-
ern	 technology	 is	 a	 very	 powerful	
tool	for	the	forensic	scientists	whose	
primary	 goal	 is	 the	 accurate	 recon-
struction	 of	 criminal	 events	 as	 they	
occurred	 in	 the	 past	 with	 the	 hope	
that	 these	 events	 can	 be	 deterred	
from	occurring	again	in	the	future.

C o n C E P t c h e c K
Would it be a good idea for a burglar 
to own a type of dog that sheds?

CheCK	 YOUr	 aNSWer	 For	 the	
burglar	 this	would	be	a	bad	 idea,	
because	 fur	 from	 the	 dog	 could	
easily	 end	 up	 at	 the	 scene	 of	 the	
crime,	in	accordance	with	Locard’s	
principle.	 For	 the	 greater	 society,	
however,	 if	 this	 dog	 fur	 led	 to	
the	just	conviction	of	the	burglar’s	
crime,	 then	 the	 burglar’s	 owning	
the	dog	would	be	a	good	thing.

think	and	Discuss

1. A	 dog	 trained	 to	 sniff	 out	 fuel
is	 brought	 to	 the	 remains	 of	 a
building	suspected	to	have	been
burned	down	by	an	arsonist.	The
dog	 barks	 excitedly	 in	 evidence
of	 residual	 fuel	 at	 one	 and	 only
one	 location.	 Does	 this	 suggest
arson?	 What	 if	 the	 dog	 found
residual	 fuel	 in	 two	 locations?
Why	are	cases	of	arson	frequently
difficult	to	solve?

2. A	 woman	 is	 dropped	 off	 at	 her
apartment	by	her	boyfriend	after
a	 night	 of	 intimate	 romance.
Entering	 her	 bedroom,	 she	 sur-
prises	a	burglar,	who	then	attacks
and	strangles	her	to	death	before
fleeing.	DNA	evidence	found	on
the	 woman	 implicates	 her	 boy-
friend	 as	 being	 guilty	 of	 both
rape	 and	 murder.	 How	 can	 the
boyfriend	 prove	 beyond	 a	 rea-
sonable	 doubt	 that	 he	 is	 inno-
cent?	How	might	the	outcome	of
this	case	have	been	different	if	it
had	occurred	100	years	ago?

3. According	 to	 the	 Innocence
Project,	a	group	that	uses	DNA
testing	to	right	wrongful	convic-
tions,	police	 lineups	and	similar
forms	 of	 eyewitness	 identifica-
tion	 are	 the	 leading	 cause	 of
wrongful	 convictions	 across	 all
DNA	 exonerated	 cases.	 Why
might	 this	 be	 so?	 What	 might
be	done	to	improve	the	reliabil-
ity	of	police	lineups?

4. A	 deductive	 argument	 asserts
that	a	conclusion	necessarily	fol-
lows	from	the	truth	of	a	premise.
For	example,	all	cats	are	mortal.
Fluffy	is	a	cat.	Therefore,	Fluffy	is
mortal.	 An	 inductive	 argument
asserts	that	a	conclusion	follows,
not	 necessarily	 but	 probably,
from	the	truth	of	the	premise.	For
example,	 all	 the	 cats	 you	 have
ever	 seen	 are	 black.	 Therefore,
all	cats	are	black.	Which	of	these
forms	of	argument	is	used	more
often	in	a	court	of	law?	Which	is
used	more	often	in	science?

◂ Mass	spectrometer	at	a	security
checkpoint

M04_SUCH4414_05_SE_C04 indd   131 8/29/12   1 44 PM




