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W.C. Rontgen (1845-1923)
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William Henry Bragg (1862-1942)
William Lawrence Bragg (1890-1971)

BPABEIO Nobel ®YZIKHZ 1915

Fig. 6. Calaife ({CaC Q). The wihite balls represent calcium: the black balls, carbon: and
the cubes, oxygen.
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P.W. Debye P. Scherrer
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NaCl

JCPDS Card

Quality of data
{2 - . l
5-628
d 2.82 1.99 163 3.26 NaCl *
/75 | 100 25 15 13 Sodium Chloride {Halite)
Rad. CuKay 4 1.5405 Filter Ni  Dia. dA L7l | hkl dA 7L | hkl
Cut off UL Diffractometer L/ cor 3258 | 13] 1M
@..J Ref. Swanson and Fuyat, NBS Circular 539, Vol. 2, &1 2821 |100] 200
( 1953) 1994 55| 220
Sys. Cubic S.G. Fm3m (225) Lk £ 2
1.628 15| 222
@-0-1 & 4 Z b Dx 2.164 :
f Tbid 7 1.294 11 33
Ref. Ibid. 1.261 11| 420
e nwg 1542 ey Si gn 11515 | 7| 422
(D=2 D mp Color Colerless 1.0855 1] 51
Ref. Ibid 0.9969 | 2| 4L0
09533 | 1| 531
An ACS reagent grade sample recrystallized twice from 0.9401 3| 600
hydrochloric acid. 0.8917 41 620
*- X -ray pattern at 26°C 0.8601 1] 533
Merck Index, 8 th Ed., p. 956 0.8503 3| 622
Halite - galena - periclase group. 0.8141 2| L4k

?

®
1.file number 2.three strongest lines 3.lowest-angle line 4.chemical

formula and name 5.data on diffraction method used 6.crystallographic
data 7.optical and other data 8.data on specimen 9.data on diffraction pattern.

Joint Committee on Powder Diffraction Standards, JCPDS (1969)
Replaced by International Centre for Diffraction Data, ICDF (1978)
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A = 2% *SING

A = 1.54056 A

SIN28 = SIN(8*PI()/180)"2

0 = 20/2

d = N/(2*SIN(6*ACOS(-1)/180))

0 20 Cps sin26 | rel d 1*sin20/sin28min| 2*sin268/sin26min | h2+k2+12 hkl a(A)
1 13.676 27.351 50 0.0559 4 3.258 1.487 2.974 2 110 4.6076
2 15.846 31.692 1280 0.075 100 2.821 1.984 3.967 4 200 5.6420
3 22.725 45.450 420 0.149 33 1.994 3.970 7.941 8 220 5.6397
4 26.926 53.852 10 0.205 1 1.701 5.456 10.911 11 311 5.6416
5 28.239 56.477 40 0.224 3 1.628 5.956 11.912 12 222 5.6396

NaCl: a, = 5.6402 A
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Operations: Import
[m]00-006-0142 (D) - Sucrose - C12H22011 - Y:33.38 % - d xby: 1 - WL: 1.5406 - 0-



200

180

160

140

[u
N
o

Lin (Counts)

o]
o

T T T T S T T T S A T A

60

40

20

o

NaCl: 50% + Sugar: 50%

5 10 20 30 40 50 60

I ‘ \_'_r\ \‘ ‘\\1_\‘ \\\\\\\\‘\1_!'\\\\_! ‘ \_'_'_‘ T

2-Theta - Scale

MNaCHSugar - File: NaCl+Sugar.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 65.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 14 s - 2-Theta: 3.000 ° - Theta: 1.

%
|

200

180

160

140

120

100

80

60

40

20



200

180

160

140

-
N
o

8
I A

Lin (Counts)

(o]
o

60

40

20

NaCl: 50% + Sugar: 50%

|

R T A

\

C 1

AAATI
(NaCl)

ZAXAPH

5 10 20 30

2-Theta - Scale

mNaCHSugar- File: NaCl+Sugar.raw - Type: 2Th/Th locked - Start 3.000 ° - End: 65.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 14 s - 2-Theta: 3.000 ° - Theta: 1.
D00-005-0628 (*) - Halite, syn - NaCl - Y: 30.57 % -d x by: 1. - WL: 1.5406 - 0 - I/lc PDF 4.4 - S-Q 56.5 % -
n00—024—1977 (*) - Sucrose - C12H22011 -Y:3.74 % -d xby: 1. - WL: 1.5406- 0 -1/lc PDF 0.7 - S-Q 43.5 % -

200

180

160

140

120

100

80

60

40

20



Lin (Counts)

400

N
8

NaCl

22 30 40 50 60
L 10 | l | [ ‘ [ ‘
| [ ] H [ ] [ ] -
_ ™ ;
B RPN tddsde sl L IOV BTN VP OvT WY A ahadod snoddlh e M Aot P M sl "y PR TN |
T T T ‘ T T T [ T T T T [ T T T T ‘ T —T T T ‘ T T T T [ T ‘ T T T
22 30 40 50 60

2-Theta - Scale

MNaCI - File: NaCl.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 65.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 14 s - 2-Theta: 3.000 ° - Theta: 1.500 ° - Chi: 0.0
D00»002»0818 (D) - Halite - NaCl - Y: 36.38 % -d x by: 1. - WL:1.5406- 0 -I/lc PDF 1. - $-Q 100.0 % -

400

200



Lin (Counts)

1200

1000

800

600

400

200

21 30 40 50 60

NaCl

>

Ag,.sNag sCl
Lig.6Ago.4Br
Ag(Cl,Br)
HoP
MnS
Eu,Te,0,;

HH‘HH‘HH‘\H\‘HH‘HH‘HH|HH‘HH‘\\H‘\\H‘IH\‘HH‘HH|HHWH‘HH‘\HI‘I\H‘HH‘HH‘HH|HH‘HH‘HH‘HH‘IH

21 30 40 50 60

2-Theta - Scale

MNaCI - File: NaCl.raw - Type: 2Th/Th locked - Start: 3.000 ° - End: 65.000 ° - Step: 0.020 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 14 s - 2-Theta:3.000 ° - Theta: 1.500 ° - Chi: 0.0
DOO—022—0898 (*) - Silver Sodium Chloride - Ag0.5Na0.5Cl- Y: 18.17 % -d x by: 1.- WL: 1.5406 - Cubic - Ilc PDF 3.3-S-Q4.0 % -

N¥00-026-0856 (C) - Lithium Silver Bromide - Li0.6Ag0.4Br-Y:14.21 % - dx by: 1. - WL: 1.5406 - Cubic - I/lc PDF 1. -S-Q 10.4 % -

n00-014-0255 (N) - Chlorargyrite, bromian - Ag(Cl,Br)- Y: 21.21 % -d x by: 1. - WL: 1.5406 - Cubic - /lc PDF 1.- S-Q 15.6 % -

D00-001-0994 (D) - Halite - NaCl-Y:43.10 % -dx by: 1. - WL:1.5406 - Cubic - I/lc PDF 1. - $-Q 31.7 % -

Edo0-030-0616 (C) - Holmium Phosphide - HoP - Y: 10.54 % -d x by: 1. - WL: 1.5406 - Cubic - I/lc PDF 19.6- S-Q 0.4 % -

m00-040—1288 (*) - Manganese Sulfide - MnS -Y:1.29% -d x by: 1.- WL: 15406 - Cubic - I/lc PDF 1. -8-Q 0.9 % -

D00—037—1399 (I) - Europium Tellurate - Eu2Te6015 -Y:50.14 % - d x by: 1. - WL: 1.5406 - Cubic - I/lc PDF 1.- S-Q36.9 % -

1200

1000

800

600

400

200

o



Mapaywyn K)\aopam)v udpoyovavBpakwv
HE KOVTUTEPEC avBpakikec aAuaideq

Zuvee'n}wg ZeoNiBog \ j

(KATAAYTHZ)
INa£i(H,0)16|[AlS1os 1O04sal, n<27



100 18.000
o0\ |7.94/11.126 23.08/3.850 1 16.000
(011) (051) |
80 1 14.000
70 A
+ 12.000
60 - >UVOETIKOG ZEOAIBOG
2 HZSM-5 / MFI [ 20.000
g ] (KATAAYTHE)
= + 8.000
40 A
+ 6.000
30 1
00 - ! T 4.000
MJ ¥
O 1 1 1 1 1 1 1 1 1 OOOO

500 1000 1500 20.00 2500 30.00 3500 4000 4500 50.00
20 (°)

d (A)




60

50 N

40

XapnAoc apiBudc KTUNwv

Lin (Co_:untS)

30

20

10

'
Mw Il WH

XapakTnpioTiko “capap!”

AMOP®O
YAIKO

| )

) ‘ [Ij OPYKTOX

i I ~ 10 © 300 |LIPI , ANGOPAKAZ
Wik il

. .,*pu i e I"I'-Il[rl"'i Tttt et

2-Theta - Scale



1
LileC

AMOP®O YAIKO ME NPOZMEI=H

KPYZTAAAIKOY YAIKOY
Ydpotuoteidia
E TOU Fe
E (FeOOH)
é.mts) OPYKTOZ
g | ANOPAKAS
~ T m‘f‘i\ ki

2-Theta - Scale



NEPIOAAZH
AKTINQN-X

MepIOAACipeTPO
AKTIVOV-X ZKOVNG

x

1 Standgehduse 2  Strahlenschutzgehause
Console Radiation protection
Console Boitier de protection des radiations

3 Rontgengenerator KRISTALLOFLEX®
KRISTALLOFLEX® ' X-ray generator
Genérateur de rayons X KRISTALLOFLEX®

4 Goniometer 7  Bedienfeld
Goniometer Control panel
Goniométre Panneau de commande



YNOAOXEAZ

/ SKONHZ

SKONH @
AEITMATOS

MEIEOO2 KOKKQN 2KONHZ
0.1 ym (100 nm) — 40 pm

~—_
AIEYPYN2H MEIQMENH

KOPYDOQN [MEPIOAAZH

: < Geo
[ [ Totatime: 0
ﬂ”]mﬁ@ |] Mi%RD Commander 2] Document - Wordpad |




FRAL plus XRD Commandes actometerixraysry

Fle Diffractometer Jobs ‘iew Help
. ORI A
sampiepos, [ ||| Lowd |intse
[ste 2 actual 353 | Requested T
Theta 31855 [
oTheta B2714 [
peecter[ [
Dl it ’— l_;[l_
Atis: sm’i I—L['_
R
[ —
LT
v | -
N N,
psorber| st [T S
Rotation __oct [P <] -
DE‘STD' i ol
sutter | open | cioee | [N
E—F
Sl Kl EEN (LR

B

|| e s [ R R

Sample D [Lva

Liva

e fi

About DIFFRAC plus XRD Commander

[Mp1FFRAC plus XRD Commander - diffractometerixraysry

Witten by:

Wersion 2.3

Manfred Kienle
Michael Jacob

DIFFRAC plus ¥RD Commander

Copyright @ Bruker - AXS GmbH 2000

&"3 UKER

6 8 10 12

25 28 30 32 34 36 30 40 42 44 45 48 50 52 54

Start [2 Use Zoom

et i|-c| scanspeealt S/ step |

Increment [,02

stert | == cort. |

G “Cfsec Scantype [Locked couplest = Centinuous | (=) 3iop |
== adjust U;;U Jobs | # Geometry E Details
[ [ Totatine:1 | Courts =1,2 ¥ =284045

HAstart|| ] @ & ||[ w0 Commander 5] Document - Wordpad

SELBEE 45t

(-1
File Diffractommcter Jobs View Help
= 2
o= aciust | 88 Jobs 4 Geometry | @ Detais |
[ [ Totatime: 1 Counts =106 %= 18,3548
Hstart||| 1 @ 3 ||[ixro commander Document: - WordPad SEB® s
IMIDIFFRAC plus XRD Commander - diffractometerisraysry -8 %]
Fie Diffractometer Jobs View Help
(WS = s -%- - -@ei ek eER] e
Sample Fos l_’_ Lozd |1t 56| sampien [ovs Max (104
m&l Actusl ﬁlReques{ed d Liva
Theta [14.1916 | =
2Theta Pa‘aaa r 4201
Detector | [ s
3804
Diy. St = 0]
s St Ar s
P r s
i T S0
I 2804
& R
ke LT
Z r 220
e — |
Apsorier | Gt 2 -
Rotetion o= [0 - G 1eo]
DEISE‘;IW n it 1:2:
st s | oo (PN ]
[0 w e
Sel [ —— |4n_:j|WmA 60|
404
204

1m0 12 14

16 18

22 24 28 28 30 a2 34 38 40 24 45 4B 50 52 54 58 58 6D

£l “Clser

4 6 8 38 40 62 64
start [ Use Zoom Increment [0,02 stop 55

Set io|oc|  scanspeed|i Sec/step |
Scantype [Locked Couplen =] | Centinuous |

Stert || ot |
Cse |

* Geometry E Detsils

start]|| i) @ & ||[IixroC [ Document - wordrad |

[ Totakime:1 | Courts=33 X =255074

E2

2

513



MDIFFRAE plus XRD Commander - diffractometer!xraysry

File Diffractometer Jobs  Wiew Help

g EH B &R K : AR NN SRl

==

Zemple Pos. | Lozel |init 50| Sample 1D fLrva
EM Actual >>>|Requested r

Theta 32,505 | r ng.
2Theta B5.01 | r
Detectar | | r
i, St | | ==
ArrtiS.SI'rtli |_L,|_
Phi D | r
chi | | r
T —r
v | r
z | | r

sosorber 2 [ ]
Rotation et |[orr ~| S
e o |
Shutter  Open | Close |m
=T
—

881012141818202224

3I:I 32 34 36 38 4D 42

a6 58 BD G2 54

Start |3— Use Toom | ncremert ooz stop 65
Bast| [ k| scenspeeai Sec/Step | iah. Start | = cort |
| 2| “Cjsec Scartype [Locked Coupled v| Continuous | D ston |
E agiuet | 99 Jobs | # Geometry | © Details |
| | Totatime:1 | Courts = 4962 X =504752
start ||| ] @ B | [ xR0 commander Z] %R0 Use - iiordpad | (AR sas




© & use rs.uoi.gr/nkourkou/powdll/

POWDLL . nerconverter for XreD fites

PowDLL is a .NET dynamic link library used for the interconversion procedure
between variable formats of Powder X-Ray files. The DLL is capable of handling the
most common file formats (binary and ASCII). The library can be used as a reusable

PowDLL

@ e @ &

Home (Lab) Download

component with any .NET language or as a standalone utility.

Q

. Search

Hints'n'Tips

€

Screenshots For programmers Updates

PowDLL.

PowDLL can run on windows OS as long as they have dotnet runtimes version 2 (or ?‘} F:; ’a
later) installed (i.e., Windows Vista SP1 or later). Linux is also supported through Y Ji ; ¥ Ha ;;‘* 'i
Wine. NN LY
Imports Exports Citation

Bruker/Siemens RAW (versions 1,2,4),
Bruker BRML, STOE RAW (plus multi-
range files), Scintag RAW (plus multi-
range files), Rigaku RAW, Shimadzu
RAW, Philips RD, Philips SD, Scintag
RD, Panalytical XRDML, INEL Binary,

Bruker/Siemens RAW (versions 1,2),

Philips RD, Scintag ARD, Sietronics CPI,

Riet7 DAT, DBWS, GSAS (CW STD),
Jade MDI, Rigaku RIG, Philips UDF,
UXD, XDA, XDD, Panalytical XRDML,
ASCII XY Files, MS-Excel Multiple XY,

Please cite if you find PowDLL useful:

PowDLL, a reusable .NET component
for interconverting powder diffraction
data: Recent developments, N.
Kourkoumelis, ICDD Annual Spring
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Qualx2

a qualitative phase analysis software

QualX2 download

&R

EXPO&more Workshop
You are required to login to view this page. 30 September — 3 October 2019

Register now for free for academic and non-profit research institutions.

To commercial users it requires the payment of a license fee. Contact us in this case
HELP US TO IMPROVE QUALX

? Si :
Already have an account? Sign In ». QualX User Experience Survey



QUALX2

N QualX =
File View Pattern Search Help
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File View Pattern Search Help

Dol detg Xas 8o s ar oo 8|ANAwa

Exp-2th Expl P1-2th P14
— Experimental pattern (LYC1.xy) 322 24.4
5004 —P.1 [00-901-6706] Calcite 4.22 15.4
460 165
492 17.4
.. 6004 2316 77 23.08 922
g 2946 [ 10000 | 29.44 978.7
3 3148 | 296
= 400 300 | 1000 | 301 | 1370
39.48 178.8 33.45 176.6
4322 | 1511 |G e
2004 43.34 96.6
4716 479 4717 58.9
l J k A ‘bL 4726 | 366
0 PebHs | [ | || F T P v l{ [ Il 47.56 1448 47.57 169.8
P.100-901-6706 | | | i) | 1 ) 47.88 183
[ ] I I 4858 | 1272 | 4856 | 1804
; I | ol i 5660 | 234 | 5663 | 252
5 10 15 70 75 30 >ihdE A 75 50 55 B0 55 Tron T ame
n: 1870 Counts: [ 995.37 2theta: 40.384 d: 2.232 |
Compound Name I Chemical Formula Peakpos. Intensity Scale S-Quant.
c 06 | [Caleite] |ECa 088505 | 081186 | 097886 | zZ 0
C |00-152-8121 Co0.63Te 0.70545 0.37513 [0.22156E-01| 0.51475 14063 [
C |00-300-3901 [ [Imgreite] Ni0.966 Se0.4 Te0.634 052213 040439 |043716E-01| 047941 10403 |
C |00-101-0962 |Calcium carbonate [Calcite] CaCO3 0.60371 |0.30531E-01)|0.10913E-01) 0.41636 3456 |
C |00-150-1511 [Pb(Mg1/3Nb2/3)03]0.68-[PbTi03]0.32 0.78189 1.0000 |0.36037E-02) 0.41469 6453 |
C |00-412-4262 C350 H350 Aul30 550 063714 040039 |0.66543E-02| 0.39383 51.913 [~
C [00-151-0766 [Mo2 Ni B2 B2 Mo2 Ni 0.44894 051336 |0.12578E-01| 0.38176 7027 |
C [00-151-0854 (Y B2 B2Y 037733 0.22802 |0.69557E-02| 0.36578 8970 |
C |00-154-7286 K14.4Fe14.4Ti1.6032 0.63760 015372 |0.75150E-02| 0.36118 391 T
C |00-451-0870 C252 H314 CI6 Co24 N6 057 P8 524 051760 050869 |017600E-01| 0.35711 17.860 [
C |00151-0717|Ho B2 B2 Ho 0.87829 0.32208 |0.44825E-02) 0.35512 16.628 |~
= Tnnact neenloonn GRS e A Annmn T ranasr mal nacane ERTEN =
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Ded ds | kQs (B2 lusdar| o

Exp2th | Ewpd | 9003513 | 9003513
& — Experimental pattern (ParliamWall xy) 314 430
i Thenardite {} — [00-900-3513] Dolomite 352 | %24
390 | 514
Na2S04.xH20 e
600 458 | 349
g 43¢ | 223
k) 516 | 258
= 400 5.64 316
660 | 383
636 | 372
200 738 | 414
U J 774 | 267
792 | 413
04 1 W A M’WW»I FER 375
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00-900-3513 | | | 868 261
[ e rrerr mmr e e i 1 T 1 1 II.III IR T T T L 11§ a0y | 2
93¢ | 326
5 10 5 70 75 30 PR A 75 50 23 B0 55 ORI T

n| 25 Counts:|  1010.06 2theta:| 8106 d:[ 10898 | | '

Compound Name Chemical Formula Peakpos. Intensity S-Quant. '

ovoei 2 v ; $ D a3
00-770- C7HEPS2,CH Ga 0.55410 0.36583 0.14354 0.71051

C B
C |00-406-7719 C32H32Br2 N4 Pd 52 0.56521 0.32987 0.24452 0.71042 1830 |
C [00-222-4674 |[<i>N</i> <i>N</i>-Bis(diphenylphosphino)propylamine- Yk “2"<i>P</i> <i>P</i> Jdichloridoplatinumfll) [Pt CI2 [C27 H27 N P2)] 0.56622 0.43535 0.17356 0.70963 23%6 [T
C |00-715-3395 C23H15Br 0.56184 0.36733 0.27911 0.70854 0900 |~
C |00-153-4414|((U 02)4 CI2 02 (0 H)2 (H2 0)6) (H2 0)4 Cl2 H22 022 U4 0.55656 0.38484 0.33915 0.70835 9318 |*
C |00-150-3825 C17 H21 Br 03 0.57691 0.35800 0.29571 0.70832 1346 [T
C |00-710-3654 C30H34 Cl4 P2 Pd1 0.56466 0.3181 0.24912 0.70638 2595 O
C |00-301-5497 | [Debattistiite] 409 AsE Ho0.5512.14 Tel.86 0.56892 0.38627 0.35693 0.70634 2114 T
C |00-722-3130 C12H10CI2N2 03 0.58353 0.25988 0.15376 0.70626 0701 T
C |00-150-2343 C19H13CI0 S 0.54843 0.34034 0.31763 0.70535 073 | ]
~ lan 710 cann AN O C . S N EFNNA N ATANN 40900 N ncnn 1 0r7 Ul
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File View Pattern Search Help

Dod 23R kA% |89 u$ar |20 |L[| AN &
Exp-2th Expl P1-2th P1-
—— Experimental pattern (Kidney1.xy) 322 243
500 —P.1 [00-900-0763] Whewellite 334 242
376 11.6
424 11.5
6004 612 15.8
% 7.56 149
I 82 | 183
= 400 845 181
112 | 155 |[ioa| i
11.82 146
200 12.74 21.7
J 13.08 295
K PRRNERUUTIE  Woruonrs | Spoey || G A TN TR U0 170 O O A | I
e S N s I 0 T 1 0 YT e L O s
P100-000-0763 | | | 0 0 81 T 00T G TN T TR IR OGS
| T O O AR A VAT T | 17
| . o ! = 14.64 339
5 10 R 20 pad) 30 2-thé{% 40 a5 50 55 B0 Bo a4 o0 n =
ni| 2331 Counts| 96275  2theta:| 40607  d| 1836 | Il I
oM C&RD Compound Name Chemical Formula Peakpos. Intensity Scale Fohd S-Quant.
C |00-900-0763 | [whewelite] C4 H2.57 Ca2 010 062778 | 042135 | 081057 074431 | 1000% [
C |00-200-6013 C20H23 CI0B Si 0.56582 015625 |0.69373E-01| 0.63989 azo1 |
C [0D0-450-9958 C14 H14 N2 02 0.55268 014034 ([0.91320E-01| 063778 0878 |
C [00-411-0698 C12H14 B7 Mn 03 0.58353 014500 (0.87603E-01| 0.63769 1.054 |
C [00-200-7903 |(4-dimethylaminophenyl)(2-nitrophenyl)diazene NO2CEH4NNCEH4N(CH3)~2~ 0.56369 011108 ([0.44670E-01| 0.63678 0614 |
C [00-221-9184 |[<i>E</i> <i>E</A> <> N< /> <i>N< /> -Bis(4- methoxybenzylidene)cyclohexane-1,2-diamine C22H26 N2 02 057914 |(0.94471E-01(0.48481E-01| 0.63678 0733 |~
C |00-710-9260 C22H24 N2 04 0 3 [0.76102E-01({0.50941E-01] (0.63665 1.017 |
C |00-413-2162|nv236-E1 C17H19N O3 0.58420 010930 |0.40372E-01( 0.63601 0762 |
C |00-154-5235 C21H29N 04 0.54385 010084 |0.38313E-01| 0.63600 0568 |
C |00-722-2891|13 CI2 I Cl4 AICI6 13 0.55258 0.30778 |0.62159E-01| 0.63545 1.258 |
C [00-723-9148 CBH12CICu2NED14 Tb 0.56284 0.20033 01607 0.63527 3832 |

Matched POW_COD Ca| 2885 Selected Card 1(7)0-900-0763 C4 H2,57 Ca2 010
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Earth, Moon, and Planets (2005) @ Springer 2005
DOT 10100731 1038-(05-9013-2

INSTRUMENTATION FOR GEOLOGICAL FIELD WORK
ON THE MOON

D. L. TALBOYS, G. W. FRASER, R. M. AMBROSI, N. NELMS

N. P. BANNISTER, M. R. SIMS, D. PULLAN and J. HOLT
Space Research Centre, University of Leicester, University Road, Leicester, LE2 7RHUK
{ E-mail: dit3@starde.acadk )

(Accepted 26 May 2005)

Abstract. A human return to the Moon will require that astronauts are well equipped with instrumen-
tation to aid their investigations during geological field work. Two instruments are described in detail. The
first is a portable X-ray Spectrometer, which can provide rapid geochemical analyses of rocks and soils,
identify lunar resources and aid selection of samples for return to Earth. The second instrument is the
Geological and Radiation environment packapge (GEORAD). This is an instrument package, mounted on
a rover, to perform ir-sitv measurements on the lunar surface. It can be used for bulk geochemical
measurements of rocks and soils (particularly identifying KREEP-enriched rocks), prospect for ice in
shadowed areas of craters at the poles and characterise the lunar radiation environment.
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CHEMIN (CHEMaistry-MINeralogy):
®OPHTO 2YZTHMA XRD/XRF I'TA TO Mars Science Laboratory

(Curiosity Rover)
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CHEMIN (CHEMistry-MINeralogy):
®OPHTO ZYSTHMA XRD/XRF I'TA TO Mars Science Laboratory (Curiosity)
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Field deployment of a portable X-ray diffraction/X-ray flourescence
instrument on Mars analog terrain

P. Sarrazin®
inXitu, PO. Box 730, Mountain View, California 94042

D. Blake and S. Feldman
NASA Ames Research Center, M5 239-4, Moffert Field, California 94035

5. Chipera and D. Vaniman
Los Alamos National Laboratory, M5 D469, Los Alamos, New Mexico 87545

D. Bish
Indiana University, 1001 E 10th Sireer, Bloomington, Indiana 47405

(Received 31 October 2004; accepted 22 March 2005)

CheMin 15 a mimature X-ray diffraction/X-ray fluorescence mnstrument that 1s included in the
pavload of the Mars 2009 Mars Science Laboratory mission. A portable CheMin prototype was
built to test the capability of the instrument for remote in sifu mineralogical characterization
of geological matenials. The instrument was successfully deploved at a wvariety of Mars
analog sites in Death Valley, CA, in May 2004, © 2005 International Centre for Diffraction
Data. [DOI: 10.1154/1.1913719]

128 Powder Diffraction 20 (2), June 2005 0885-7156/2005/20(2)M128/6/522.50 © 2005 JCPDS-ICDD 128
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Lunar and Planetary Science XXXVIII (2007)

MINERALOGICAL IN-SITU INVESTIGATION OF ACID-SULFATE SAMPLES FROM THE RIO
TINTO RIVER, SPAIN, WITH A PORTABLE XEIDVXERF INSTRUMENT. P. Sarrazinl, D.W. I'-;Ii.ﬂgz.. V.
Morris”. D. Fernandez-Remolar’. R. Amils’. R E. Arvidson®, D. Blake’. D. L. Bish® linXitu Inc. 2551 Casey Ave
Ste A. Mountain View, CA 94043 psarrazin@inxitu.com: *NASA Johnson Space Center, Mail Code KX3. Hous-
ton. TX 77058: ° Centro de Astrobiologia (CSIC/INTA) 28850 Torrejon de Ardoz, Madnd. Spain: * Earth and
Planetary Sciences, Washington Umiversity, St. Lowms, MO 63130; *NASA Ames Research Center. Moffett Field.
CA 94035; ﬁI}h&pﬂ:. of Geological Sciences, Indiana Univ_, Bloomington, IN 47405-1405.

18 min integration
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About Ames The Chemistry and Mineralogy Instrument

News & Events

David Blake, geologist at Ames, is the principal investigator for the The
Chemistry and Mineralogy (CheMin) instrument that uses X-ray diffraction - a
Missions first for a mission to Mars and a more definitive method for identifying minerals
than any instrument on previous missions. It supplements the diffraction
measurements with X-ray fluorescence capability to garner further details of
composition.

Multimedia

Research
Education

History

Some minerals detectable by CheMin, such as phosphates, carbonates,
sulfates andsilica, can help preserve hiosignatures. Clay minerals trap and
preserve organic compounds under some conditions. Some minerals that form
when saltywater evaporates can encase and protect organics, too. Other
minerals that CheMin could detect might also have implications about past
conditions favorable to life and to preservation of biosignatures — or evidence of
life.

Doing Business With Us

More Resources:

Ames' contributions page
Ames MSL press kit

http://www.nasa.gov/centers/ames/research/msl_chemin.html
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é ') mars.jpl.nasa.gov/msl/missionfinstruments/spectrometers/chemin/

NA,A Jet Propulsion Laboratory
California Institute of Technology BRING THE UNIVERSE TO YOU:

Mars Science Laboratory \ ’
Curiosity Rover

e -
MULTIMEDIA r ALL MARS

MastCam | MAHLI | MARDI
APXS | ChemCam | CheMin | SAM
RAD | DAN

The Chemistry and Mineralogy instrument, or CheMin for short, will identify and measure the
abundances of various minerals on Mars. Examples of minerals found on Mars so far are olivine,
pyroxenes, hematite, goethite, and magnetite.

Minerals are indicative of environmental conditions that existed when they formed. For example, olivine
and pyroxene, two primary minerals in basalt, form when lava solidifies. Jarosite, found in sedimentary
rocks by NASA's Opportunity rover on Mars, precipitates out of water.

http://mars.jpl.nasa.gov/msl/mission/instruments/spectrometers/chemin/
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Curiosity Analyzes First Taste of Martian Soil
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POPHTO 2Y2THMA XRD/XRF

in situ XRD/XRF

Specifications
XRD resolution: 0.25° 26 FWHM

XRD range: 20-55° 28

Detector type: 1024 x 256 pixels - 2D Peltier-cooled CCD

XRD geometry: Reflection based

Sample orientation: Flat or convex of infinite size

XRF energy resolution: 200 eV at 5.9 keV

XRF energy range: 3 to 25 keV

X-ray target material: Co or Cu (Cu standard)

X-ray tube voltage: 30kV

X-ray tube power. 10W

Data Storage: 40 Gb - Ruggedized internal hard drive

Wireless Connectivity: 802.11 blg for remote confrol from web browser
Operating Temperature: -10°C to 35°C

Dimensions: 48.5 x 39.2 x 19.2cm base; 8.5 X 16 X 4 cm Head
Weight: 12 kg base; kg head

About inXitu inc.

inXitu Inc. is a leader in portable
XRD/XRF based instrumentation. We
specialize in developing the technologies
required to enable the next generation of
scientific instruments used for materials
analysis. The technology used in our por-
table rock and mineral analyzer received a
prestigious R&D 100 award and has been- X-ray Diffraction / X-ray Fluorescence instrument for art conservation
chosen to fly on the Mars Science Labora-
tory rover scheduled for launch in 2011.

nXkuinc 2551 Casey Avanua Sutte A, Mountain View, Caltfomia USA 04043
Tal 001 (650) S67-0081 Fax 001 (650) 567-0082
amall: Salesginxku com wabwww.ireku.com



