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Parameter

Value

Instrument
Forward power
Mode
Injector
Spray chamber
Nebulizer
Nebulizer gas flow (L/min)
Auxiliary gas flow (L/min)
Coolant gas flow (L/min)

CCT gas flow (ml/min)

Thermo iCAP-Qc

1550 W
KED

Quartz 2.5 mm ID

Quartz
Quartz
1.00
0.8
14
4.23
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Reagent Chemical Formular Weight (g)
L-histidine hydrochloride
CGH902N3 - HCI - Hzo 0.50
monohydrate
Step-1 sodium chloride NacCl 5.00
sodium dihydrogen
. NaH,PO4 + 2H,0 2.20
orthophosphate dihydrate
0.1 mol/L Sodium To pH 5.5%
Step-2 . NaOH
hydroxide 0.2
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R R o BP Bk AR (MDL) o 3t B = ey e
AT T REAFHREERWKZ - mpsb 0:003 O..O18
3. AT RAZ R MBI **Co 0.003 0.007
i@ F0 48 MRS BAAF S0 1R 3B 60 5T 1 AE N 0.022 0.105
P RE B IAA LT RA ol ppbi% & 5 EAR 515 Lo 0.072 0.750
3t ARSDA &7 4t 948 AL 6 RIAFN A e o oae oo
T o &k R P T 0 AT TR A A ] ppbig k& P 0087 e
RSD/E:;%U\—F ’ ?aﬁﬁiﬂ\*ﬁ'kl zf‘z&ﬂ%‘%% i}/% ?& 55Mn 0.010 0.028
WeyAEE M - 5zn 0.076 0.581
F w9~ ANTFRA A1 ppbal 45 R M R
Label 2% Mcd  SAs b *°Co ®°Ni cr  "'sb ®cu  "Ba  **Mn  **zn  'Rn(IS)
Spike-1 0.936 1.011 1.044 1.003 1.026 1.036 1.017 1.058 1.006 0.994 1.018 1.014 103.80%
Spike-2 0.939 1.008 1.09 0.999 1.039 1.027 1.040 1.032 1.020 1.015 1.032 1.036 103.60%
Spike-3 0.961 1.008 1.050 0.995 1.032 1.018 0.99 0.975 1.008 1.018 1.035 1.014 104.50%
Spike-4 0.977 1.028 1.065 1.019 1.033 1.015 0.997 1.047 1.018 1.027 1.006 1.024 104.10%
Spike-5 0.982 1.019 1.068 1.021 1.032 1.047 1.020 1.056 1.017 1.018 1.047 1.062 103.40%
Spike-6  0.959 1.034 1.076 0.989 1.049 1.030 1.012 1.071 1.005 1.021 1.041 1.03 104.60%
Spike-7  0.988 1.028 1.086 1.025 1.040 1.032 1.042 1.088 1.025 1.049 1.031 1.055 103.50%
Spike-8 0.968 1.041 1.054 1.001 1.042 1.075 1.010 1.081 1.003 1.027 1.009 1.028 104.60%
Spike-9  0.959 1.022 1.058 0.998 1.036 1.026 1.003 1.044 1.020 1.007 1.027 1.069 105.50%
Spike-10  0.964 1.037 1.083 1.001 1.033 1.044 0.997 1.080 1.035 1.041 1.029 1.089 105.10%
Spike-11  0.943 1.019 1.072 1.000 1.049 1.041 1.043 1.058 1.025 1.021 1.038 1.072 105.70%
Spike-12  0.921 1.034 1.059 0.974 1.040 1.061 0.994 1.057 1.000 1.044 1.030 1.081 106.60%
Spike-13  0.918 1.026 1.076 0.988 1.057 1.050 1.028 1.090 1.018 1.022 1.046 1.053 106.20%
Spike-14 0.922 1.019 1.074 0.986 1.033 1.057 1.033 1.066 1.025 1.028 1.048 1.095 106.00%
Spike-15 0.926 1.010 1.044 0.974 1.054 1.032 1.024 1.058 1.035 1.021 1.052 1.102 106.70%
RSD (%) 2.45 1.06 1.38 1.52 0.87 1.59 1.78 2.66 1.08 1.36 1.33 2.80 1.09
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Parameter Value
Instrument Thermo iCAP-Qc
Forward power 1550 W
Mode KED
Injector Quartz 2.5 mm ID
Spray chamber Quartz
Nebulizer Quartz
Nebulizer gas flow (L/min) 1.09
Auxiliary gas flow (L/min) 0.8
Coolant gas flow (L/min) 14
CCT gas flow (ml/min) 4.2
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Level 1 - 69161

e oo Element Mean(ppb)  Range(ppb) %% #|44 (ppb)
Al 21.8 17.5-26.2 25.0
Pl 114cd (o) - 9w (<0) | 3| (1 | 1215h (KED) - 589V D) | 3] As 56.7 45.4-68.0 62.4
Lied Wi 'Sh cd 8.89 7.11-10.7 8.40
A fo Co 6.65 5.32-7.98 6.80
Ee B
i ] Cu 11.0 8.81-13.2 9.80
o w Hg 35.0 26.9-43.0 30.8
e e e pmmram | B ] Mn 7.71 5.71-9.71 6.60
Concentration [ppb]
: Pb 11.5 9.19-13.8 13.0
Sb 9.86 7.88-11.8 9.60
BEC 0000 ppb) BEC 0001 ppb|
IBLALOD)| 0,000 ppbl | IDL{LOD) 00 ppb)
s | 202Hg (<£0) - 15 89v 0€0) | 1] [ B o 1 70795 (KED) - 569V 01 | 1) Zn 454 364-545 437
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t 3 & v B L FRAZ B S P FiAu ] ppb A2 E S E
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I | e R~ AR S Ao | ppbay =i &
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s T ) 0] 0 Element
ooty T x100 x100+1 ppb (%)
IDL{LOD)) B.mwt[ TGLLOD) 0000 ppb
Al 0.521 1.616 109.5
2. A8 AR R As 1.676 2.777 110.1
UEABRERIWTR > FHAMBZARE cd 0.170 1132 96.2
B o Bp Ak BaRAEmR(DL) - & —#o~
6 2 R Pfﬂiﬁﬁ'u FR(IDL) - % =B~ Co 0.199 1.226 102.7
1R B ARFRR AT = A -
Cu 0.429 1.407 97.8
AR BAREREY A Hg 0.547 1.614 106.7
Al 0.007 0.044 Pb 0.560 1.465 90.5
As 0.001 0.001 Sb 0.385 1.441 105.6
Bi 0.000 0.001 Zn 9.261 10.259 99.8
Cd 0.000 0.000
Co 0.000 0.001 &35
Cu 0.001 0.008 HEATLEARNG - EMER  BHILER
H 0.000 0011 ARBF LB R B R ITR » URZA S EIE -
g ' ' S EIER T AR ERS TR T HERELA K
Mn 0.001 0.003 TARIARIR > T BB BRI B LR R
Pb 0.000 0.001 I EAERAREYE REBRE LR B A
Sb 0.000 0.001 ,{-.,a‘-ﬁ %)E%‘%Lg}}’t ° ﬁfﬁ&/&*ﬁ%fizgﬁﬁ%
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— Ak KAk o7 i 3R 4% A K-type nebulizer » 3
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V-groove nebulizer %, Aerosol salt nebulizer# & 7T it
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AERUASRAZIITE B WAL #F
H b 5 By %45 45 #20.500 g B A PFA S ALHR > Jo
N0 mUR A & #% B = + 48 TA L AL B B AL
HIHAE B P AT N AL > R B M &4 5(BK)
o MR HAL R AR AAE S AB 0 UABL KL E
Z225ml > LAREZREM M As ~ Pb ~ CdfeHg >
i LA 1 %05 B #s FES 45 R Cu o

F— KRB SHBT

BE IR
RN EH 50 rpm
e oer K-type nebulizer
BlLRRE 0.5 L/min
Zt= Cyclonic Spray Chamber
PLNE A% -2 mmPLE
KA EMT torch
BRI
RF I 1150 W
RAlRERE 12 L/min
mERIERE 0.5 L/min
BERY 3
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1. kAR BIAR R S & 4%
RAEBRUAZE HAs ~ Pb ~ Cd ~ HgfoeCusd

WEs  EEAO0~510~ 20~ 50&100 ppb - 1%
%5 18 80 4% [R(DL) & £ # #2142 £ 5048 (Cu 4 2504%) Bp
2 kAR BRI (MDL) » HEIEIINE = > 7]
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F = FEARBIAR RS M B

Element RHEOER MDL hEEES

(nm) (R%) (ppm) (ppm)
As(189.042) 0.9998 0.09 2
Cd(214.438) 0.9999 0.002 0.3
Hg (184.950) 0.9992 0.023 0.2
Pb(220.353) 0.9997 0.067 5
Cu(324.754) 0.9999 0.164 20
2. ¥ S iR N4 ;&1‘3 %

ARBAMERE  Or
SheEmETEE S R
RETHSERD  HE X
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&= Mo IRE(EA4 © ppb)

Element As Cd Hg Pb Cu(x5)
B (nm) 189.042 214.438 184.950 220.353 324.754
DL 1.78 0.048 0.45 1.34 0.65

BK <DL <DL <DL <DL 3.65
-1 <DL 2.58 <DL 6.75 20.15
-2 <DL 3.10 <DL 6.61 19.65
RINHE <DL <DL <DL <DL 37.49
FOEHE-2 <DL <DL <DL <DL 59.29
QC 20 ppb  19.21 20.02 19.46 20.33 20.69

3. ARBERIRE

EFOAKRSERREEARBRAFPEETLBNKRERE
o K5H8454 E 40.13~0.15 ppm » 444 ¥ 40.33~0.34 ppm >
48 £4.72~4.86 ppm > A fu s RN HMDL o @ R shHHE R
£ ¥Rl 4 479.19~14.64 ppm » H Ak L E#R N FMDL > 44
BEREAEEMEN -

EFW RGBT RREABRRA T EE4E LB AR LR E(E  ppm)

Element As Cd Hg Pb Cu
MDL 0.09 0.002 0.023 0.067 0.164
181 <MDL 0.13 <MDL 0.34 4.86
TEE-2 <MDL 0.15 <MDL 0.33 4.72
RINHE <MDL <MDL <MDL <MDL 9.19
RINHE-2 <MDL <MDL <MDL <MDL 14.64
RHRE 3 0.5 0.5 10 20
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B o SR RB R UEER SR Z Rt
o RE B AR SME HIE LR A hu20 ppb ey AR ~ 8% ~ 43~ KA
B 40 ppb &y 4R AT AR SR e T i RGB1R 0 H o R A
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M ik BA R R -

A B~ S EK F B (E AL ¢ ppb)

Element As Cd Hg Pb Cu
RINHE <DL <DL <DL <DL 59.29
RHHE-2 98.97

20.95 20.12 19.1 22.08
(+20 ppb) (+40 ppb)
Recovery (%) 98.26 100 96.13 98.82 99.2
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Thermo Scientific FLASH 2000
Nitrogen/Protein Analyzer using Argon
as Carrier Gas: Stability, Linearity,
Repeatability and Accuracy

Introduction

Elemental analyzers with a thermal conductivity detector
(TCD) for nitrogen determination typically use a helium
carrier gas which has optimum sensitivity. However, since
the supply of helium over the last few years has been beset
with problems, namely world-wide shortages and
subsequent price increases, it has been necessary to test an
alternative gas, argon, which is readily available and more
cost effective.

The Thermo Scientific™ FLASH 2000 analyzer, based on
the dynamic flash combustion of the sample, copes
effortlessly with the wide array of laboratory
requirements such as accuracy, day to day reproducibility
and stability. The instrument was tested with argon as an
alternative carrier gas to helium using the same

Thermo Scientific™ Eager Xperience OEA (Organic
Elemental Analysis) dedicated data handling software

for the quantification of the nitrogen content.

This technical note presents data on nitrogen
determination of pure organic compounds in a large
range of concentrations in order to demonstrate the
performance of the instrument using argon gas in terms
of stability, linearity, accuracy and repeatability.

Methods

Samples are weighed in tin capsules and introduced

into the combustion reactor via the Thermo Scientific™
MAS™ 200R autosampler together with the proper
amount of oxygen. After combustion, the resultant gases
are carried by an argon flow to a second reactor filled
with copper, then swept through CO, and H,O traps, a
GC column and finally detected by a thermal conductivity
detector (TCD). The analytical configuration as well as
the TCD detector are as the same as those used with
helium as the carrier gas (see Figure 1).

A complete report is automatically generated by the
Eager Xperience data handling software and displayed at
the end of the analysis. The Eager Xperience software
provides a new option AGO (Argon Gas Option) which
allows the modification of the argon carrier flow during
the run to optimize the analysis.
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Figure 1 — FLASH 2000 Nitrogen configuration Table 1 — Sequence of one working day
Analytical conditions Inj Time
Combustion Furnace Temperature: 950 °C
Reduction Furnace Temperature: 840 °C 1 10:36 STD 60.465 10.52
Oven Temperature: 50 °C 2 10:50 STD 60.253 10.52
(GC column) 3 11:03 STD 60.387 10.52
Argon Carrier Flow: 60 ml/min 4 1116 UNK 60.320 10.58
Argon Reference Flow: 60 mi/min 5 11:30 UNK 60.310 10.56
Oxygen Flow: 300 ml/min 6 11:57 UNK 60.283 10.62
Oxygen Injection End: 30 sec 7 1211 UNK 60.216 10.59
Sample Delay: 10 sec 8 12:38 UNK 60.262 10.63
Run Time: 10 min 9 12:51 UNK 60.236 10.53
10 13:04 UNK 60.349 10.54
Results 1 13:18 UNK 60.369 10.54
The stability of the system was evaluated analyzing 12 13:31 UNK 60292 10.51
aspartic acid (10.52 %N) as standard to calibrate the
instrument, using K factor as calibration method and as 13 13:45 UNK 60.361 1048
unknown to assess the accuracy and repeatability of the 14 13:58 UNK 60.382 10.51
data obtained. Two tests were performed to demonstrate 15 14:11 UNK 60.356 10.48
stability, accuracy and repeatability: one sequence in a 16 14:25 UNK 60.257 10.47
working .d.ay and a sequence of 10 days (day-by-day 17 1438 UNK 60.367 1059
repeatability).
18 14:52 UNK 60.326 10.44
Table 1 shows the sequence of analy.sis of appro?cimately 19 15:05 UNK 60.213 10.46
60 mg of aspartic acid (10.52 %N) in one working day
analyzed as standard (STD) and as unknown (UNK). The 20 15:19 UNK 60.397 1042
average 10.50 N % and RSD % 0.55 indicates that the 2 15:32 UNK 60.377 10.48
values obtained are comparable with the theoretical data 22 15:45 UNK 60.340 10.49
and the repeatability is more than acceptable. 23 15:59 UNK 60.299 1043
24 16:12 UNK 60.357 10.46
25 16:26 UNK 60.410 10.49
26 16:39 UNK 60.280 10.47
27 16:52 UNK 60.392 10.50
28 17:06 UNK 60.010 10.42
29 1719 UNK 60.368 10.45
30 17:33 UNK 60.230 10.45
31 17:46 UNK 60.347 10.42
32 17:59 UNK 60.367 10.46
33 18:13 UNK 60.373 10.50
34 18:26 UNK 60.294 10.47
35 18:40 UNK 60.247 10.51




Table 2 — Day-by-day repeatability

Sample name ‘ Inj Date ‘ Inj Time ‘ ‘ Weight (mg) ‘

Aspartic acid 10/05/2013 11:10 STD 56.703 10.52
Aspartic acid 10/05/2013 11:23 STD 54.489 10.52
Aspartic acid 10/05/2013 12:57 UNK 54.215 10.59
Aspartic acid 10/05/2013 15:32 UNK 56.294 10.47
Aspartic acid — new reduction reactor 14/05/2013 12:24 UNK 55.892 10.59
Aspartic acid 14/05/2013 12:38 UNK 63.466 10.63
Aspartic acid 14/05/2013 12:51 UNK 59.012 10.61
Aspartic acid 14/05/2013 13.04 UNK 58.779 10.62
Aspartic acid 14/05/2013 14.05 UNK 56.278 10.57
Aspartic acid 14/05/2013 16:06 UNK 56.350 10.51
Aspartic acid 15/05/2013 08:35 UNK 60.069 10.50
Aspartic acid 15/05/2013 08:49 UNK 62.374 10.55
Aspartic acid — ash removal 16/05/2013 10:01 UNK 68.577 10.56
Aspartic acid 16/05/2013 10:15 UNK 57.017 10.50
Aspartic acid 17/05/2013 09:25 UNK 54.060 10.45
Aspartic acid 17/05/2013 09:38 UNK 61.287 10.58
Aspartic acid 20/05/2013 08:38 UNK 59.806 10.60
Aspartic acid 20/05/2013 08:52 UNK 52.063 10.59

[Linear fit) Kb=3202759 Ke=51017.75 CF=0.9939574
102222200
70.442 mg Imidazole (41.15 %N)
60.341 mg Imidazole (41.15 %N)
Area

70.116 mg Methionine (9.39 %N)
60.237 mg Methionine (9.39 %N)
70.465 mg Atropine (4.84 %N)

60.209 mg Atropine (4.84 %N)

0 Element amount

70.831 mg Nicotinamide (22.94 %N)
60.200 mg Nicotinamide (22.94 %N)

3190

Figure 2 — Calibration curve — Linear Fit

To evaluate the linearity of the system, pure organic
compounds with different nitrogen concentrations were
chosen. Instrument calibration was performed with
Atropine (4.84 %N), Methionine (9.39 %N),
Nicotinamide (22.94 %N) and Imidazole (41.15 %N)
standards (STD) using Linear Fit as the calibration
method. Pure organic standards in a large range of
nitrogen concentration (from 4.84 to 46.65 %N) were
selected and analyzed as unknown (UNK). The weight
of sample was 60 — 70 mg and all STD and UNK were
analyzed in duplicate.

Table 2 shows the accuracy and repeatability of the data
obtained for aspartic acid in a sequence of 10 days
(day-by-day repeatability). The weight of standard was
approximately 50 — 60 mg and the system was calibrated
using the K factor. During this period, instrument
maintenance was performed, changing the reduction
reactor and cleaning the ashes from the crucible. The data
obtained are according to the technical specification
demonstrating the stability of the system.

No influence in the results was observed after the
maintenance was carried out.




Table 3 — Sequence of standards for the Linear Fit calibration

Sample name File name Inj. Time ‘ Theor. N % ‘ Range (=)
Atropine LinearFitNO0O3 15:23 STD 60.209 4.84 0.07
Atropine LinearFitNO04 15:36 STD 70.465 4.84 0.07
Methionine LinearFitNO05 15:49 STD 60.237 9.39 0.10
Methionine LinearFitNOO6 16.02 STD 70.116 9.39 0.10
Nicotinamide LinearFitNOO7 16:16 STD 60.200 22.94 0.22
Nicotinamide LinearFitNOO8 16:29 STD 70.831 22.94 0.22
Imidazole LinearFitNO09 16:42 STD 60.341 41.15 0.30
Imidazole LinearFitN010 16:56 STD 70.442 41.15 0.30

Table 4 — Correlation of Nitrogen values

Sample name Theoretical N % Accepted Range (+) Experimental N %
Atropine 484 0.07 4.78
Methionine 9.39 0.10 9.36
Nicotinamide 22.94 0.22 22.85
Imidazole 41.15 0.30 40.95
Acetanilide 10.36 0.10 10.40
Aspartic acid 10.52 0.10 10.61
BBOT* 6.51 0.10 6.42
CEDFNI** 20.14 0.20 20.33
Sulfanilamide 16.27 0.16 16.18
EDTA*** 9.59 0.10 9.59
Urea 46.65 0.30 46.69

*BBOT: 2,5-Bis (5-tert-butyl-benzoxazol-2-yl) thiophene

**CEDFNI: cyclohexanone 2,4-dinitrophenylhydrazone

***EDTA: EthyleneDiamineTetraAcetic acid

Table 3 shows the sequence of analyses for the calibration ~ Conclusions

of the instrument including theoretical nitrogen values.
Figure 2 shows the calibration curve and the relative
correlation factor. Table 4 shows the relationship between
the theoretical nitrogen percentages of the pure organic
standards analyzed as unknown, the accepted range
according to the technical specification of the system and
the average of the experimental N % obtained. All data
are acceptable and no memory effect was observed when
changing the sample.
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Good repeatability, accuracy and precision was obtained
with the FLASH 2000 nitrogen analyzer using argon as
the carrier gas.

No memory effect was observed when changing the type
of sample, indicating complete combustion and detection
of the element.
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