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Analytical 
Method 

Detection 
of H 

Quantification 
of H 

Limitations 

HotE √√√√ √√√√ 
no local information 

(i.e., no depth profiles) 

NRA √√√√ √√√√ 
analysed depth of up to only 1-2 µm 

LoDH ~10 ppm 

ERDA √√√√ √√√√ „ 

SIMS √√√√ – 
lack of H-CRM, 

thin layers 

GD-OES √√√√ – lack of H-CRM 

 

OverviewOverview on on analyticalanalytical methodsmethods forfor thethe analysisanalysis of of 

hydrogenhydrogen in solid in solid samplessamples

(www.comar.bam.de)
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GD-OES-Lines for Hydrogen Detection
(Werkstoffanalytische Verfahren, H.-J. Hunger, Ch. 12: Glimmentladungsspektroskopie, 1995).

Analytical figures of merit in GDAnalytical figures of merit in GD--OES:OES:

Limit of Detection (Limit of Detection (LoDLoD) of H) of H
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Analytical figures of merit in GDAnalytical figures of merit in GD--OES:OES:

Limit of Detection (Limit of Detection (LoDLoD) of H) of H



14. GDS-AnwTreff, 17./18. April 2008, BAM, Berlin

∅GD-anode= 4 mm; Vdc= 700 V; Idc= 20 mA;

H I 121.5 nm

GD-OES element depth profile

Samples: OTEK GmbH, Brieselang

∅GD-anode= 4 mm; Vdc= 800 V; p≈ 700 Pa;

Zn I 330.2 nm; Fe I 371.9 nm; H I 121.5 nm; C I 156.1 nm; N I 149.2 nm; 
O I 130.2 nm; Ar I 415.8 nm
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Homogeneity of the H concentration in the coating (as an alternative to bulk)
- lateral
- in-depth

Stability (!) of the H concentration over longer periods of time (i.e. years)

Requirements for HRequirements for H--CRM (CRC)CRM (CRC)
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Samples: SurTec, Zwingenberg
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Cyanide-free alkaline Zn electrolyte,

low additive concentration
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Coating as candidates for HCoating as candidates for H--CRM (CRC):CRM (CRC):

(i) (i) ElectroplatedElectroplated Zn(HZn(H) on ) on steelsteel
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Samples: SurTec, Zwingenberg

ElectroplatedElectroplated Zn(HZn(H) on ) on steelsteel;;

Determination of the H concentration by ERDA & NRA;Determination of the H concentration by ERDA & NRA;

Stability tests Stability tests 
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after 8 months after further 6 months

Table 1 Stability tests of the hydrogen concentration in at.-% in three 

electrolytically deposited zinc coatings determined by ERDA.

0.6 ±0.10.6 ±0.10.5 ±0.1Zn(H) #3

1.4 ±0.21.4 ±0.21.2 ±0.2Zn(H) #2

10.2 ±1.09.7 ±1.010.2 ±1.0Zn(H) #1

after further 

6 months

after 8 

months

immediately 

after the 

deposition

Sample
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Samples: SurTec, Zwingenberg

Zn(H) Steel substrate

H

ElectroplatedElectroplated Zn(HZn(H) on ) on steelsteel;;

Homogeneity tests;Homogeneity tests;

SIMS depth profile of H, SIMS depth profile of H, ∅∅PIPI=10 =10 µµmm
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The corresponding hydrogen concentrations found by ERDA are 22.1 ±2.0 and 18.4 ±2.0 at.-%.

∅GD-Anode= 4 mm; Vdc= 700 V; Idc= 20 mA;

C I 156,1 nm; W I 400,8 nm; H I 121,5 nm; 

Fe I 371,9 nm; Cr I 425,4 nm; Mn I 403,4 nm; Ni I 349,2 nm; Mo I 386,4 nm; Si I 288.1 nm

Proben: FhG-IST, Braunschweig
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Coating as candidates for HCoating as candidates for H--CRM (CRC):CRM (CRC):

(ii) (ii) CarbonCarbon--richrich hardhard coatingscoatings, WC(H) / , WC(H) / steelsteel
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∅GD-anode= 4 mm; Vdc= 700 V; Idc= 20 mA;

H I 121.5 nm
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Coating as candidates for HCoating as candidates for H--CRM (CRC):CRM (CRC):

(iii) (iii) AmorphousAmorphous Si Si layerslayers, , a:Si(Ha:Si(H) / Si) / Si

Samples: HMI, Berlin & AXO, Dresden
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∅GD-anode= 4 mm; Vdc= 1000 V; Idc= 18 mA (IFW Dresden)

H I 121.5 nm

Samples: HMI, Berlin & AXO, Dresden

Coating as candidates for HCoating as candidates for H--CRM (CRC):CRM (CRC):

(iii) (iii) AmorphousAmorphous Si Si layerslayers

Table 2 Samples used for the calibration curve in Fig. 4

0.0030.1441.15IARM 178B

0.82418.800.56aSi:H 18

0.59214.230.57aSi:H 14

0.46611.540.43aSi:H 5

0.49012.060.31aSi:H 4

0.48211.890.34aSi:H 3

0.49312.140.40aSi:H 2

H
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SR (µg/s)Sample
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Coating as candidates for HCoating as candidates for H--CRM (CRC):CRM (CRC):

(iii) (iii) AmorphousAmorphous Si Si layerslayers
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Coating as candidates for HCoating as candidates for H--CRM (CRC):CRM (CRC):

(iii) (iii) AmorphousAmorphous Si Si layerslayers
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RResesüümee / Ausblickmee / Ausblick

At least three classes of reference coatings as successful candiAt least three classes of reference coatings as successful candidates dates 

for upcoming certification of the H concentration:for upcoming certification of the H concentration:

ElectrolyticallyElectrolytically Zn(HZn(H) / steel) / steel

CarbonCarbon--richrich hardhard coatingscoatings, WC(H) / , WC(H) / steelsteel

Amorphous Si layers, a:Si(H) / SiAmorphous Si layers, a:Si(H) / Si

V.V.--D. D. HodoroabaHodoroaba, D. , D. KlemmKlemm, U. , U. ReinholzReinholz, E. , E. StrubStrub, J. , J. RRööhrichhrich, W. , W. BohneBohne, V. Hoffmann and K. , V. Hoffmann and K. WetzigWetzig, Potential candidates of , Potential candidates of 

Certified Reference Material for determination of hydrogen conceCertified Reference Material for determination of hydrogen concentration with Glow Discharge Optical Emission Spectrometry ntration with Glow Discharge Optical Emission Spectrometry 

(GD(GD--OES) OES) -- a feasibility study, a feasibility study, J. Anal. At. J. Anal. At. SpectromSpectrom.., 2008, , 2008, 2323, 460 , 460 –– 462.462.


