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Use teaching spectroscope to observe fluorescence.
Record spectrum with Olympus TG camera

QORL

TEACHING SPECTROSCOPY OD of spectroscope
I'o get the best use trom this precision optical instrument iS 0.975_0.980”

please keep it clean. When not in use keep it i its tube I

horizontal streaks appear on the spectrum clean the shit by

gently brushing the dust trom it using a sofl. fine art brush This WOUld be ~ |D Of
NEVER use a sharp pomt or other sohd object as it wall The OdOpTer, +
damage the sht Keep the eveprece clean with a soft tssie O 005”2

NEVER look directly at the sun, it may cause permanent
Bhindness

For more \ll|l;l!|l.|l|x|ll read “A Students” Gude 1o Wi” hCIV@ TO remove
ectroscopy’ 2™ Edition by Colin Winter. obtainable by () (W
l\'!ll’ wting OPL ot salesd gplspectin com | OPL STICker If IT
~ 4" long interferes?

ENGLAND

Purchased ($100) from Mathais of Mikon (also Shannon Minerals)

https://www.shannonsminerals.com/shop/index.php/shannonsminerals/opl-teaching-spectroscope-1.html



https://www.shannonsminerals.com/shop/index.php/shannonsminerals/opl-teaching-spectroscope-1.html

Camera with bayonet ring installed : !
Qutside of ring

1.60" = OD of adapter

Inside of ring with bayonet

OLYMPUS



Create adapter from PVC fitting epoxied to camera bayonet mount

SNdNAT0

SsESw i @ | "
Y -

Camera: A-mode, Auto WB, 16M
Adjust exposure offset as necessary.

The adapter should be centered and level on the bayonet ring. | fried using a circular bubble level
when doing the epoxy job but screwed up because the bubble level was ~ the same diameter as
the PVC tube and wasn’t level on the tube. As a result the spectroscope is tilted with respect to
the camera. The ID of the PVC coupler was machined out to the OD of the spectroscope. The set

screws hold the scope in place but also allow some alignment adjustment. Spectroscope was
inserted all the way to the camera window.



Olympus TG-3 camera

Epoxy adapfter fube 1o
bayonet mount that came
with camera, but which is
removed to use ring light

Spectroscope

Zoom lens to maximum so
spectrum fills field of view.
Keep zoom setfting the same
for wavelength calibration
and recording samples!




=
>
=
e
-
3
-
»
B
»
B
B
s
:

4X 8X
Note: spectrum is not optimally aligned
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Solar Spectrum with Fraunhofer Lines
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Compact Fluorescent Cal Spectrum Broken Down info
Red-Green-Blue Channels
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Gray Value

Compact Fluorescent Cal Spectrum

Red channel saturated for strongest line
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Blue is OK
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Press “Info” button on TG (repeatedly) until live histogram is displayed.

Used to optimize exposure 95

compensation > -2

B 53966&. ® 21210

A‘ !Li
3966Noww

255

N\
®
-20
' MO!J D .‘ ’
: Slightly underexposed, not all
’ 9@ levels used. Increase exposure
2\
@
+20
s
400
]

Some channels overexposed,
255 max reached. Dial back
exposure compensation < +2




Intensity
(Counts)

Wavelength (nanometres)

commons.wikimedia.org/wiki/File:Fluorescent |i spectrum peaks labelled.ai



https://commons.wikimedia.org/wiki/File:Fluorescent_lighting_spectrum_peaks_labelled.gif

Peak number | Wavelength of peak (nm)

1 4054
4366
4877
5424
246.5
S77 T
5802
584.0

W o~ & | ;| B | M

5876
5934
2997
6116
6257
631.1
650.8
6626
6877
6937
707 and 709
7123
760.0
d11.0

Species producing peak

mercury
mercury

terbium from Th**
terbium from Tb**

mercury

likely terbium from b or mercury

mercury or terbium from Tb**

possibly terbium from Tb** or europium in Eu*3:Y,0,

likely europium in Eu+3:Y203
likely europium in Eu+3:Y203
likely europium in Eu*3:Y504
europiurm in Eu+3:Y2D3
likely terbium from Tb3*
likely europium in Eu*3:Y,04
likely europium in Eu+3:Y203
likely europium in Eu+3:Y203
likely europium in Eu*3:Y,04
likely europium in Eu+3:Y203
likely europium in Eu+3:Y203
likely europium in Eu*3:Y,04
likely argon

likely argon

Actual line location (nm)
404 656
435.833
~485 to 490
~543 to 544
546.074
576.960 for Hg or ~578 for Tb
579.066 for Hg or ~530 for Tb
~580
~587
~593
~598
~611
~625
~630
~650
~661
~687-688
~693
~707 and ~709
~712
7589315 or 763.5106 (?7)
811.531

« Note that the terbium could be either Tb®>*, Ce®*-LaP0, or Tb*:CeMgAl;1O4q.

commons.wikimedia.org/wiki/File:Fluorescent i ectrum peaks labelled.



https://commons.wikimedia.org/wiki/File:Fluorescent_lighting_spectrum_peaks_labelled.gif
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home | naws < 1| plugns | resources | list | inks

Download

Platform Independent

7o mstall Image) on a computer with Java pre-installed, or to upgrade to the laress full
dastribution ( mg macros, plug X waload the ZIP archive (6MB)
ard extract e disectory. Use the H [ y Image command to upgrade

10 NEWES Versions

Mac OS X
d ImageJ bundled with Java 1.8.0_172 (may need to work around Path

wzation). Instructions

Download ImageJ bundled with Java 1.8.0_112 (82MB), Instructions

Windows
Download ImageJ bundled with 64-bit Java 1.8.0 112(70MB). Instructions

Documentation
Tiago Ferrewra's comyp
document a

avatlable as a

Source Code

The Image] Ja

images and stacks are available in Ima
mmages, and more, are also available

resources | list | inks

https://imagej.nih.gov/ij/download.him]

https://imagej.net/Fiji/Downloads

FIJI = Full Image-J Implementation

Includes all plugins-macros already
installed . They are not necessary
for using the spectroscope, but do
take up more memory.


https://imagej.nih.gov/ij/download.html
https://imagej.net/Fiji/Downloads

Open images in Imoge—J. Crop. With Box-tool/ Analyze/Plot Profile

Image)

;(T‘;: ML N "Q\; ;‘: ‘ File Edit Image Process Analyze Plugins Window Help
L e (S S P NPT R VI PV

PT?)?er f
¢

:.“! 4608x1584 pixels; RGB; 28MB

Plot of P1010035

Gray Value

wm
o

2500
Distance (pixels)

List @ More » M

e — ~—_ A

Pixel #1 is the left most in the box nof the image. Make sure the

SOV@ prOflle X CO“brOTlon peOkS left edge of the box = the left edge of the image!



Pict Range
X From* ;m
XxTo* [6100

~ Fle X Range Whie Live

More/Set range: zooms in. Cursor reads out x-position to manually find peak locations




Calibration Curve

It's linear!

Grating spectroscopes
are linear, prisms are
Nof.

y=mx+Db
y = 0.0536346x + 416.2

<« 7 * [~ & * § * T ¥ ]
500 1000 1500 2000 2500 3000 3500 4000 4500

Pixel #




Excel program does least squares refinement and delivers m and b

-

HOME INSERT PAGE LAYOUT FORMULAS

o2 EIE-EIDE D

Insert  AutoSum Recently Financial Logical Text Date & Lookup & Yy = mx + b
Function - Used - - M = Time~ Reference~

Function Library

Je

Farmulas Review View Help Enterprise Connect Q Tell mev

B S" =] Define Mame -

Date & Lookup & Math &  Mare Mame ]
Time - Reference~ Trig- Functions= Manager £ Create from Selection

I statistical ’

A36 KURT

IR Engineerinc
R Eng ? LARGE

545‘ l_ru ;Ub&

» LOGEST

y  Compatibiliby

593 I g ’ LOGNORM.DIST
[’ web

588 LOGNORM.INY

3
3
587 @ Information  »
3
b

611
630 LINEST says it delivers m and
NM  0.046491 m b, but | only saw m<¢ | had to
477.0002 b calculate b.




Image-J also does curve fitting (least square straight line)
and returns m(b) and b(a)

age Process . = Plugins w OO O Shape Fill # Find
I8 O|z|o|~| 45| Measue cuM k|4 | & || i ALLDE R "0 %7 5 shape outiine | 3 Replace -
A 0 o Effact

Magnifying glass (or use "+" and 1 Analyze Particles... WA € el R0

Slides Fol Summarize Paragraph Drawing Editing

[Qf Select ~

Distribution...
Label

Clear Results
Set Measurements.. EXCGI progrom does ‘ [StraightLine _v_] Fit | Open| Apply |~ Show settings

G ~ i [292 436 .
Set Scale... BEH S - Ko, ot Import e and
FILE HOME  INSER |[3534 587

Calibrate.. 3657 593 chdnge X

Histogram  Cri+H D SR * I s (pixel#) or type
Plot Profile Ctri+K A 4474 630 in all values

AutoSum Recently
Surface Plot. Function v Used ~

4 Curve Fitter - 8

¢ y = a+bx

Gels i 4925.47x247.89 pixels (530x255); RGB; 528K
Tools 4 Save XY Coordinates... ——y
r Straight Line

Fractal Box Count... [ y= a+bx
Analyze Line Graph [ a=422.36252

: L b=0.046491

B olLR"2=0.9999
ROI Manager... 2 4% L
59 546

Scale Bar... sg7

593
Synchronize Windows 598

: i L L |
Grid... Sth
630 1000

8 | Pixe nm o.

o # a2 List | save..| wore» |

Calibration Bar ...

10




Use Excel program to apply calibration — conversion to nanometers

Converted Calibration Spectrum
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Plasilite
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/ nm peak shift

—— Bobcookite
Plasilite
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Subtle differences between common species
12 nm shift between andersonite and plasite

110_’ANDERSONiTE2.cs'.'
'BLUELIZARDITE2 csv

2
7]
c
g
E

540
Wavelength (nm)




Plasilte: Two specimens — two calibrations

—— Plasilite 1
Plasilite 2

Difference in peak
intensitiese

| wasn’t paying
attention to exposure
levels so there could
be saturation issuesee
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Bobcookite: Two specimens — two calibrations

—— Bobcookite1
Bobcookite2

Difference in peak
intensitiese
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Subtle peak shifts depending on excitation wavelengthe

120.BOBCOOKITE 409 NM
'BOBCOOKITE CONVOY C8

110/BOBGOOKITE LED FLASHLIGHT
IBOBCOOKITE SWUV

s
Wavelength (nm)




Comparison with Ocean Optics USB4000 Spectrometer

For macro samples (without microscope. i.e. bare fiber) LED flashlight was adequate



|| & http://oceanoptics.com/product/usb2000uv-vis

@ CONTACT US BY PHONE .‘ LIVE CHAT E REQUEST A QUOTE £ SUBMIT YOUR ORDER

Search...

Google Transizze: I S HII=ENZT

~

ENAIC 1 ie PR g g c o e Ty Yo
GeM/Custom Knowie ces ] Contact Us

Products

HOME > PRODUCTS > MODULAR SPECTROMETERS > GENERAL PURPOSE > USE SERIES SPECTROMETERS > USB2000+UV-VIS

USB2000+UV-VIS

Application-ready Spectrometer for  7he Most Popular Miniature Spectrometer in the World

the UV_VB The USB2000+UV-VIS is a miniature spectrometer pre-configured for general UV-VIS
Please contact us online for more information about measurements. Covering a wide wavelength range, from 200 to 850 nm, this high-
ordering this product. performance spectrometer fits into the palm of your hand giving your measurements
new flexibility. Using the modular approach, you can customize your measurement
with our wide array of sampling accessories and light sources.

=§= PRODUCT DETAILS
SPECIFICATIONS
DOWNLOADS
APPLICATIONS
MEASUREMENT TECHNIQUES
RELATED PRODUCTS

FAQ (FREQUENTLY ASKED QUESTIONS)




Ocean Optics USB4000 with LED Flashlight Comparison with
OPL Pocket Spectroscope with Convoy C8

Difference in peak
intensitiese

—— Plasilite USB
— Plasilite OPL
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Ocean Optics USB4000 with LED Flashlight Comparison with
OPL Pocket Spectroscope with Convoy C8

Difference in peak
intensitiese 515 nm
peak consistently
stronger with USB4000

Bobcookite OPL
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Convoy C8 as a Function of Camera White Balance

12 /BOBCOOKITE DAYLIGHT W8 l‘
IBOBCOOKITE FLUORESCENT Wcs|
11 BOBCOOKITE INCANDESCENT
100+

%-

801

70+

601

50+

40{

30:
201

10-

| 54|0
Wavelength (nm)




Radiochim Acta 88, 737-762 (2000)
© by Oldenbourg Wiszenschaftsverlag, Munchen

Spectroscopic properties of uranium(VI) minerals studied by
time-resolved laser-induced fluorescence spectroscopy (I'RLES)

By G. Gerpel' *, G. Bemhard , M. Rutsch', V. Brendler' and H. Nitsche' *

' Forschungszentrum Roszendorf, Institute of Radiochemistry, P.O. Box 510 119, D-01314 Drezden, Germany
? University of California at Berkeley and Lawrence Berkeley National Laboratory, The Glenn T. Seaborg Center, MS 70A-1150, Berkeley, CA
94720, USA

266 nm excitation

flucrescence emizsion bands/am Conclusions

The fluorescence data of minerals can be used as fingerprints
Phosphatez X : ! > -

Chemikovite to determine secondary mineral coatings on rock materals,
Saleeite 545.7 and can support the interpretation of spectra of unknown
Autunite temary and quaternary solution species. These data are also
Metaautunite useful to identify uranyl(VI) species sorbed on mineral and
ramyicmcns ck surfaces and on certain bacteri
Metauranocireite TOCK Surlaces : on ce Clena. .
Sabugalite By comparing the fluorescence data of several mineral
Threadgoldite series, we were able to study the influence of secondary
Ranunculite metal ions, anions and the bound water molecules on the flu-
Phuralumite 5 .

orescence properties of the uranyl group. Information on the

axial U~O bond length 1s derived from the band spacing of
the fluorescence emission maxima The vibrational ground
state transition frequency is equal to the IR band of the sym-
metric stretching vibration v, of the UO,”* ion. We found an
empirical correlation between the vibrational frequency of
the ground state and the fluorescence lifetime.

wh
—

OO GO st LA L BT BRI L O
S N« R O L o~ ]

M
Wy
e

wh

h W

E I PR UL S SN )
10 W0k

[ ]
W ilo e

=
W Loy
e B R B

[SE R S SV I SR S R S S S o
e

W wa

(O
o

wn
o |

Troegernita
Novacskite
Metanovaceckite
Uranospmite
Metauranospmits
Hainrichite
Metzheinrichite

oo

[SE R o

oo ba
ERER

W A

W W

W ba b g

100 aba
b Fo ko kD b b b

[
e R B o o ]
(R R P
et B
O & ooy

A 4 ,;'.._',; Uh b b
- O w0




Proof of Concept:
Can spectroscope be used on a microscope to examine small crystalse

» Leitz Ortholux 2 microscope with
4X objective

« Spectroscope and camera in

trinocular port — no transfer optics

— same adapter as on

macrostand —i.e. loose fit |

409 nm laser pointer (Convoy

doesn’'t have enough outputl)

« “macro” bobcookite and micro
plasilite (0.1 mm?¢ cluster of
crystals?)




bobcookite
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Micro
plasilite

Very hard to hand hold laser pointer in FOV Il



Comments

| have a TG-3 (also a TG-5 at work). The TG-5 has many more features
including ability to store RAW images (may have greater dynamic
range). Image-J will not open Olympus RAW. TG-5 may have more
control over shutter speeds allowing for longer exposures for weakly
fluorescing samples (or shorter exposures for strong emitters).

It may be possible to couple the speciroscope/camera to a
microscope with different adaptere Order a separate bayonet ring
from B&H? There is also a bayonet to 40.5 mm thread adapter
($19.95).

Olympus Tough TG-5 Front Lens Ring




Spectragryph free(?) spectroscopy software.
Very comprehensive packagel!

Spectragryph Software
o—
Contact & Connect ﬂ n n m D L’ﬂ D

Spectragryph

Spectroscopy = E
Ninja i optical spectroscopy software

[ About | Testimonials | Download |  Licenses | _ Contact | News |

Download of Spectragryph (fully functional trial version) > > > |ast Step

Now, really!

[i] Download Spectragryph

®

COMODO _




Spec’rrogryph free speciroscopy software

These spectira were calibrated .csv files
but it looks like it will also do the
wavelength calibration from the CFL
spectrum and also create databases!

Spectrum: BOBCOOKITE FL WB

wavelength [nm]
488.272
507.544
530.514
555,902
584.228

absorbance
123.75

124

65.781
27.356
12.716

FWHM [nm]
15.4075
15.3093
11,2272
10.9612
8.48067




