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INDICATE THE EXCITED AND GROUND SINGLET AND TRIPLET STATES. 
INDICATE THE FOLLOWING TRANSITIONS: ABSORPTION, FLUORESCENCE, PHOSPHORESCENCE, 
NONRADIATIVE DECAY, INTERNAL CONVERSION AND INTERSYSTEM CROSSING. 
LABEL THE TRANSITIONS PROBED BY AT LEAST 4 TYPES OF SPECTROSCOPY STUDIED IN CHEM 314. 

JABLONSKI	DIAGRAM	
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ATOMIC	SPECTROSCOPY	

Source	spectrum	
Effec<ve	bandwidth:	
~0.001nm	

Sample	Absorp0on	
Effec<ve	bandwidth:	
0.002-0.005	nm	

Signal	at	detector	
Smaller	due	to	
absorp<on	in	flame	
and	mono	throughput	

Absorp<on	lines	broadened	by:	
-  Uncertainty	Effect	
-  Doppler	broadening	
-  Pressure	broadening	

LEARNING	CHECK	
1.   How	are	atomic	and	molecular	spectroscopy	different?	

2.   Diagram	an	Atomic	Absorp0on	Spectrophotometer	

	

3.   Diagram	and	explain	how	a	Hollow	Cathode	Lamp	works.	
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ATOMIC	VS	MOLECULAR	SPECTROSCOPY	

300 400 500 600 700 800
0.0

0.5

1.0

1.5

2.0

A
bs

or
ba

nc
e 

(a
rb

.)

wavelength (nm)

FLAME	ATOMIC	ABSORPTION	SCHEMATIC	

Ebert monochromator
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ATOMIC	EMISSION	SPECTROSCOPY	

Excited	state	popula<on	

ATOMIC	FLUORESCENCE	SPECTROSCOPY	
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HOLLOW	CATHODE	LAMP	(HCL)		

MOLECULAR	SPECTROSCOPY	
CH	13-15	

CHEM	314	
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•  Differen<ate	between	atomic	and	molecular	spec.	
•  Iden<fy,	diagram,	and	describe	how	the	following	

instrument	components	func<on.		Also	know	why	these	
components	are	used.	
Sources:	Xe	arc,	Deuterium	arc,	tungsten	filament,	LED	
Sample	cuve/es:	plas<c,	glass,	quartz	
	

•  Label,	diagram,	describe	each	of	the	following	
instruments:	
Single	beam	UV-Vis	single	element	detector	
Single	beam	UV-Vis	mul<-element	detector	
Double	beam	UV-Vis	in	<me	and	space	
Fluorimeter	
	

OBJECTIVES	
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A=1.9 [Kool-aid]
r2=0.97
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A=ε b	[Kool-aid]	
b=	path	length	

y=mx	+	b	

ε molar	absorb<vity	
	

BEER’S	LAW:	THE	RELATIONSHIP	BETWEEN	CONCENTRATION	
AND	ABSORBANCE	
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1.  Solu<on	factors	
2.  Non-monochroma<c	light	
3.  Not	analyzing	at	lmax		
4.  Stray	light	
5.  Mismatched	cuveles	
6.  Instrument	noise	
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SOURCES	OF	NONLINEARITY	OF	BEER’S	LAW	

BUILDING	A	SPECTROSCOPIC	INSTRUMENT	

Components	
1.  Stable	radia<on	source	

2.	Wavelength	isola<on-	monochromator	
3.	Transparent	sample	holder/	op<cs	
4.	Detector-	PMT,	photodiode,	PDA	
5.	Signal	processing	
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BUILDING	A	SPECTROSCOPIC	INSTRUMENT	

Components	
1.  Stable	radia<on	source	
deuterium	arc	lamp,	Tungsten	filament,	LED,	Xe	arc	lamp		
	

2.	Wavelength	isola<on-	monochromator	
	

3.	Transparent	sample	holder/	op<cs	
Quartz,	glass,	plas<c	
	

4.	Detector-	PMT,	photodiode,	PDA	
5.	Signal	processing	

Con<nuum	sources	with	
constant	output	as	a	func<on	
of	wavelength	required	for	
molecular	spectroscopy	

SOURCES	
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BLACKBODY	RADIATION	

hlps://docs.kde.org/stable/en/kdeedu/kstars/ai-blackbody.html	

Wein’s	Displacement	Law	 λmax=	max	output	λ	
T=	temp	(K)	
L=	luminosity	
A=	surface	area	
α=constant	

TUNGSTEN	FILAMENT	

Output	spectrum	at	2870	K	

100	um	
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DEUTERIUM	ARC	

XE	ARC	
Range	200-1000	nm,	peak	500	nm	

www.wikipedia.com	
hlp://zeiss-campus.magnet.fsu.edu/ar<cles/lightsources/images/	
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LIGHT	EMITTING	DIODE	
Light	emiIng	diode	(LED)	

GaAlAs	 	λmax=900	nm	
GaAsP	 	λmax=650	nm	
GaP	 	λmax=550	nm	
GaN 	λmax=465	nm	
InGaN 	λmax=450	nm	
	

White	LED	
InGaN	diode	plus	phosphor	
Range:	400-800	nm	

www.greenprophet.com	
hlps://lasermom.files.wordpress.com/2012/04/ledspectrum.png	

SEMICONDUCTORS	
Band	gap	(Eg)-	Energy	of	gap	between	HOMO	and	LUMO		

HOMO-	highest	occupied	molecular	orbital	

LUMO-	lowest	unoccupied	molecular	orbital	
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PN	JUNCTIONS	

Light	emiIng	diode	(LED)	

GaAlAs	 	λmax=900	nm	
GaAsP	 	λmax=650	nm	
GaP	 	λmax=550	nm	
GaN 	λmax=465	nm	
InGaN 	λmax=450	nm	
	

White	LED	
InGaN	diode	plus	phosphor	
Range:	400-800	nm	

LED	VS	SILICON	PHOTODIODE	

LED-	Source	 Photodiode-	Detector	
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WAVELENGTH	SELECTION	

MONOCHROMATORS	
1.  Entrance	slit-	provides	rectangular	op<cal	image	
2.  Collima<ng	lens	or	mirror-	makes	light	beams	parallel	
3.  Dispersive	element-	disperses	light	into	component	

wavelengths	
4.  Focusing	element-	reforms	rectangular	op<cal	image	focused	

on	focal	plane	
5.  Exit	slit-	on	focal	plane,	selects	desired	bandwidth	
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OPTICS	AND	SAMPLE	HOLDERS	
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Quartz	 Plas<c	

DETECTORS	
Vacuum	phototube	

Photomul0plier	tube	(PMT)	

Silicon	photodiode	

Photodiode	array	(PDA)	
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MOLECULAR	SPECTROSCOPIC	INSTRUMENTS	

UV-Vis	Spectrophotometer	
	single	beam	
	double	beam	
	mul<channel	

Fluorimeter	

SINGLE	BEAM	UV-VIS	

PHOTODIODE	ARRAY	UV-VIS	
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DOUBLE	BEAM	UV-VIS	

Double	beam	in	space	

Double	beam	in	<me	

FLUORIMETER	

scan	 monoex	 monoem	

Excita<on	 scan	 fixed	
Emission	 fixed	 scan	
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REVIEW	

WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	

Ebert monochromator
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WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	

WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	
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WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	

Excited	state	popula<on	

WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	
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WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	

WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	
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WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	

WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	
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WHAT	KIND	OF	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	

BEER’S	LAW	
DERIVTATION	



2/15/16	

23	

A	SIMPLE	ABSORPTION	EXPERIMENT	

T=	transmission	
P0=	incident	power	
P=	transmiled	power	
A=	absorbance	
ε=	molar	absorp<vity	
b=	path	length	
C=	analyte	concentra<on	

Beer’s	Law	

DERIVATION	OF	BEER’S	LAW	
T=	transmission	
P0=	incident	power	
P=	transmiled	power	
A=	absorbance	
ε=	molar	absorp<vity	
b=	path	length	
C=	analyte	concentra<on	
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WRITING	A	PROCEDURE	

1.  Descrip<ve	Title	
2.  Purpose	
3.  Background	
4.   Safety-	print	MSDS	
5.   Sample	prepara0on	
6.   Instrument	parameters	
7.  Data	tables-	in	lab	notebook	
8.  Data	analysis	
9.  References	
10.   What	do	you	need?	
11.   Appendices	
	

CONTRIBUTING	RESOURCES	TO	WEBSITE	(5	PTS	EA)	
5	pts	each-	up	to	20	pts	extra	credit	

	

Resources	

1.   Descrip0ve	0tle-	What	have	you	found?	 	 	 	
	books,	ebooks,	websites,	anything	

2.   Source-	Where	to	find	the	resource	(cita<on	or	web	link)	

3.   Content-	Describe	what	is	available	(2-3	sentences)	

4.   Reliability	and	Usefulness-	your	opinion	about	resource	reliability	and	
helpfulness	

5.   Who’s	Contribu0ng?	Your	name	or	pseudonym	

	

Contribu0ons	are	only	accepted	before	the	applicable	report	is	due	

Submit	via	email	
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LOOKING	AHEAD	

Monday	(Feb	8)-	Molecular	Spectroscopy	(Ch	13-15),	Wri0ng	Procedures	

		

Tuesday/Thursday	(Feb	9,	11)-	Experiment	1	Metals	

	Due	Thursday:	Annotated	Figures	1,	Experiment	1	

	

Monday	(Feb	15)-	Vibra0onal	Spectroscopy		

	Due:	Project	Overview	

	

Tuesday/Thursday	(Feb	16,18)-	Experiment	2-	Plas0cs	
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WHAT	KIND	OF	UV-VIS	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	

WHAT	KIND	OF	UV-VIS	INSTRUMENT	IS	PICTURED?	
HOW	DO	YOU	KNOW?	


