MODEL LAB REPORT

  (what  your notebook should ideally look & sound like) 

DETERMINATION OF COPPER AND NICKEL CONTENT IN UNKNOWN #6

1.
PURPOSE

Unknown Sample #6, obtained from our instructor, Dr. Phineas Strangelove on 1/21/14, will be analyzed for ppm Cu and Ni, and for the mole ratio of Ni/Cu by means of uv-visible (UV-VIS) spectrophotometry and atomic absorption spectroscopy (AAS) . 

2.
METHODS AND PROCEDURES

2.1.
UV-VIS spectroscopic analysis

2.1.1.
Apparatus and Solutions


The Perkin-Elmer Lambda 4B uv-vis spectrophotometer located in room 318 Allied Health, Alfred State College was 



used throughout to obtain both peak and absorbance data. Standard, 1.0 cm glass cuvettes (Beckman model 1-0)


were used to contain all samples.
Solution preparations for standard nickel and copper analysis have been described

previously (c.f. pages 23-38, Fong Lab book RLA 1234, 8/23-8/30/13) . 

 The unknown solution #6 is referred to as the `as-received’ sample herein, and was obtained from Dr. Strangelove, our instructor on 1`/26/14
2.1.2.
Determination of Analysis Wavelengths for Ni and Cu:Ni and Cu

Two analysis wavelengths are necessary since both Ni and Cu can in principle contribute to absorbances at


all wavelengths in the visible range.  The two wavelengths were ascertained by first using the Lambda 4B to  background 
correct the instrument with 1% nitric acid at both reference and sample positions. Background scanning conditions


were: ordinate scale: absorbance ;scan speed=120; response time=3; range=190-900 nm. Following background correction, 
the sample cell was re-filled with 2000 ppm stock Cu and a scan initiated over the same range and with the same conditions 
under which the foregoing background correction was made. A similar scan was repeated with 2000 ppm Ni. The following 
wavelengths were ascertained to be `peak’ maxima using the Lambda 4B’s `Peak’ option operated in AUTO mode:

Table 1: UV-vis Peak Positions of Ni2+ and Cu2+


in 1% Nitric Acid



Copper peaks 

Nickel peaks

A
Figure 1: uv-vis spectra obtained with 2000 ppm
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Based on comparisons of relative contributions at the several peaks, we selected Cu  = 818.9 and Ni =394.0 nm


since the background contributions of Ni and Cu, respectively at these two wavelengths was modest.  (See sketch, figure 1)


2.1.3.
Determination of Absorbances at Analysis Peaks


Both Ni and Cu standards were examined for Absorbance, A at a fixed wavelength ((= 818.9 or 394.0 nm) by first


auto-zeroing the sample cell at the given wavelength using 1% nitric acid, then immediately replacing this blank with one 
of the several standard concentrations of the two metals. Care was taken to rinse the sample cell with sample solution at 
least twice prior to recording an absorbance.The same sample cell was used throughout for all operations.
The resulting 
absorbances obtained, are recorded in section 3.1. of this report. Instrument settings were as in background scan.



The same procedure was applied at both analysis wavelengths on the unknown (sample #6) as-received, and, after


diluting said sample 1:1 in the 1% nitric acid matrix. The latter step was taken in order to provide absorbance values


for the unknown which fell within the range of absorbances recorded previously for the standards.

2.2.
AAS Spectroscopic Analysis

2.2.1.
Apparatus and Solutions


The Perkin-Elmer Model 3030 flame AAS in room 318 Allied Health, Alfred Stare College was used for all AAS analyses. 
The AAS was operated with an acetylene-air flame (air psi=20; acetylene psi=10).  The following instrument settings were 
used for
the Ni and Cu hollow cathode lamps (HCL) operated on the PE-3030 AAS:

2.2.1  Apparatus and Solutions for AAS (continued)

Table 2: Instrument settings for Model 3030 AAS During Ni and Cu Analyses



Nickel (PE HCL #123-c)

Copper (PE HCL-124-c)


operating current=25 mA

operating current=15 mA



points averaged 5


points averaged=5




statistical analysis: sigma

statistical analysis:sigma


delay=1 second


delay=1 second


mode: continuous

mode: continuous


wavelength=345.1 nm

wavelength=281 nm


(0-20 ppm linear range )

(0-10 ppm linear range)


The AAS was tuned as described on pages 23-25 of the PE 3030 operations manual. A test of the instrument sensitivity


using the standard methods conditions described on pp 27-9 of that reference produce instrument responses in the


norm of expectations, e.g. m(Ni) = 0.16 ppm-1 Ni
m(Cu) = 0.14 ppm-1 Cu. 


Since standard solutions prepared previously  (c.f. pages 23-38, Fong Lab book RLA 1234, 8/23-8/30/13) 
 were in the


20 to 200 ppm range, while the linear range of the AAS falls between 0 and ~10 ppm, the following dilutions were made :

Table 3: AAS Standard and Unknown Sample #6 Solutions Prepared from Original UV-vis Nickel and Copper Standards



original standard Ni, Cu

volume 
added


computed new  standard and unknown sample


concentration, Cvis

to 50 mL volumetric

concentrations Caa in 50 mL (ppm)*  
  



 20 ppm



2.0 mL1



0.8 ppm



 40 



2.0



1.6


 80



2.0



3.2

             100



2.0



6.4


150



2.0



9.6


unknown sample #6

2.0



na






1.0



na


1 2.0 mL TD  (20o)  Corning Pyrex brand volumetric pipet was used to deliver these volumes

*  Caa = new concentration (ppm) = 2.0 mL *  Cvis(ppm) /50.0 mL

2.2.2.
AAS Analysis of Unknowns


Instrument settings and analysis conditions are described in Table 2. Samples were examined 3 times each for


absorbances and the sample unknown was run immediately following the standard concentrations in Table 3.


Between samples, 1% nitric acid was rinsed through the AAS nebulizer and flame, and, the spectrometer was


auto-zeroed each time against this background, prior to running a sample.

3.
DATA AND OBSERVATIONS

3.1.
UV-VIS 

3.1.1.

Raw  UV-VIS Absorbance Data

Table 4:Observed Absorbances  at 818.9 nm and 394 nm for Standard


 and Unknown Sample #6 Solutions of Ni2+  and Cu2+ in 1% Nitric Acid

species

concentration

A(818.9 nm)

A(394.0 nm)

Cu standard
20 


0.008


0.001



40


0.016


0.002



80


0.032


0.004


            100


0.037


0.006


            150


0.067


0.008

Ni standard
20


0.002


0.010



40


0.003


0.020



80


0.001


0.040


            100


0.003


0.050


            150
 

0.002


0.075

Unknown #6
na


0.130


0.095

(as-received)

3.2.
AAS 

3.2.1.

Raw AAS Data


Table 5: Observed AAS Absorbances for Ni (345.1 nm) and Copper (281.0 nm)  for Standard 


and Unknown  Sample #6 Solutions of Ni2+  and Cu2+ in 1% Nitric Acid


species  


concentration
      A(281.0 nm)=ACu 1
  A(345.1 nm)=ANi 1


Cu standard

0.8  ppm

0.120 (1)






1.6


0.240 (2)









3.2


0.468 (1)






            


6.4


0.980 (1)



             


9.6


1.20   (3)




Ni standard

0.8





0.090 (1)





1.6





0.180 (0)





3.2





0.356 (1)




             6.4





0.770 (3)


             


9.6
 




0.890 (2)


Unknown #6

na


1.55


0.84


diluted 50:2


Unknown #6

na


0.81


0.40


diluted 50:1

1(number in parentheses in A columns refer to (1( uncertainty observed in A after 3 repeated measurements) 

4. CALCULATIONS

4.1. Calculations of CCu and CNi From UV-VIS Data

4.1.1.
Least Squares Fits of Cu and Ni Standard UV-VIS Data in Table 4

 ACu (818.9)
   =
4.418 x 10-4  Ccu(ppm) -2.4599 x 10-3
r=0.991


 ACu(394)
   =
5.555 x 10-5 Ccu(ppm) -1.317 x 10-4
r=0.993


 Ani(394)
   =
5.000 x 10-4 Cni(ppm)  + 0.000

r=0.999



It is noted that no fit of Ani(818.9) is carried out since absorbances for Ni at 818.9 nm are nearly zero and show no clear trend with increasing Ni. The contribution to absorbances at 818.9 is therefore assumed to be entirely due to copper.

4.1.2.
Calculations for Copper and Nickel Concentrations in As-Received Unknown #6 Sample


Using UV-VIS Fits and Data

a)Determination of X=CCu



As seen from Table 4 only copper creates significant signals at 818.9 nm  so we may write the following:

 at (1= 818.9 nm:

0.130=4.418 x 10-4 X -2.4599 *10-3
X= concentration  (ppm) of Cu2+  in unknown #6 as-received 









      




0.130+2.4599 * 10-3  = X = 299.8 ppm Cu as determined from as-received sample unknown #6



     4.418x 10-4

b) Determination of Y= CNi

As seen from Table 4, at 394 nm, both Copper and nickel absorbances contribute.  We thus use equation 6b previously derived in 1.1 of Theory :

6b

A2(corr) = A2 –b2 =  m3X + m4Y
where the value for X =299.9 ppm is substituted for X in the general equation.  Y=unknown Ni concentration in sample unknown #6 (in ppm):


Substituting and rearranging:: 


A2(corr) =0.095 - (-1.317*10-4) =5.555 x 10-5X + 5.000 x 10-4 Y










=0.095 + 1.317*10-4 = 5.555 x 10-5 * 299.8  + 5.000 x 10-4Y

0.095 + 1.317*10-4 -5.555 * 10-5 * 299.8   =  Y = 190.15 ppm Ni from as-received sample unknown #6






5.000 x10-4

4.2
Calculations of CCu and CNi From AAS  Data
4.2.1
Least Squares Fit of AAS Cu  and Ni Standard Data from Table 5



Copper data at 281.0 nm:
ACu  =0.127 CCu   + 0.052, r= 0.99





Nickel data at  345.1 nm:  ANi  =0.0957 CNi  + 0.044, r=0.98

4.3.
Calculations for Ni, Cu Weight Percent and Ni/Cu mole ratios of Unknown sample #6


Using Both UV-VIS & AAS Data

Table 6: Tabulation of Results from UV-VIS and AAS Determinations of Nickel and Copper in Unknown #6 in ppm



Method

dilution
 
      X= Copper (ppm)      Y=Nickel (ppm)
Reference



UV-VIS

  as-received

299.8

190.8
             section 4.1.2.1 


AAS

  50 :1


298.3

185.5   

section 4.2.2




  50 :2

             294.8 

208.0   

section 4.2.2.


4.4
Method of Computation of mole ratios of Ni/Cu:


moles Ni/g= 
wNi  /atomic weight of Ni = w/58.69  =[ sample #6 Ni concentration (ppm) ]   = X









58.69 



58.69


moles Cu/g =
wcu/Atomic weight of Cu - w/63.64 =  [ sample #6 Cu concentration (ppm) ]   = Y








63.54



63.54


10
moles Ni
=  X/58.69   = 1.083*X

moles Cu
    Y/63.54 
       Y

Table 7: Computed Weight % (w) and Ni/Cu Mole Ratios Determined by UV-vis and AAS Using 9 and 10


 and Values from Table 7




Method
 dilution factor
    X=Cu(ppm)  Y=Ni(ppm))     mol Ni/ mol Cu


UV-VIS
  as-received
      299.8
190.8                 0.687



AAS
  50:1

      298.3  
185.5  
            0.673




  50:2

      294.8    
 208.0
            0.764



AAS averages

mole Ni/mol Cu= 0.719 ( 0.05





Cu(ppm) = 397 ( 2
Ni(ppm) = 196 ( 12

5.
CONCLUSIONS & RESULTS
	Method
	ppm Cu2+
	ppm Ni2+
	mole Ni/moles Cu

	UV-VIS
	300
	191
	0.687

	AAS
	397 ( 2
	196 ( 12
	0.719(0.05


error is that the observed A for as-received and for initial dilutions of AAS samples fall outside the calibration range

STUDENTS TAKE NOTE!!! 





You should also include all plots of this data herein. I include only a sample of one data set from this Sample Report as an example








