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8.3 Identification of ions
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Objective
Identify the specified ions, write insoluble hydroxide equations and interpret supplied
instrumental references. Original questions and authored marking guidance for 4.8.3.1–
4.8.3.7: Separate Chemistry, both tiers, including spectroscopy. Actual supervised RP7
remains separate.

1 Key knowledge and worked examples
Flames: lithium crimson; sodium yellow; potassium lilac; calcium orange-red; cop-
per green. Clean apparatus and compare references; mixture colours can mask one
another.

NaOH produces white hydroxides with Al3+, Ca2+ and Mg2+; only aluminium hy-
droxide dissolves in excess among these three. Cu2+ gives blue, Fe2+ green and Fe3+
brown precipitate. White remaining in excess does not distinguish calcium from mag-
nesium.

Carbonate + dilute acid releases gas that makes limewater cloudy. Halides: dilute
nitric acid then silver nitrate → chloride white, bromide cream, iodide yellow. Sulfate:
dilute hydrochloric acid then barium chloride → white. Use fresh portions to avoid
contamination.

Worked equation. CuCl2(aq) + 2NaOH(aq) → Cu(OH)2(s) + 2NaCl(aq). The
insoluble hydroxide is solid; two OH groups require 2NaOH. For FeCl3, use 3NaOH,
Fe(OH)3 and 3NaCl. An aluminium-dissolution equation is not required.

Worked interpretation. A white precipitate dissolving in excess NaOH identifies
Al3+ among the listed ions. Its initial white colour alone would not suffice.

In flame emission spectroscopy, light from the sample in a flame passes through a
spectroscope. Compare line positions to supplied references; use calibrated intensity
for concentration. Accurate, sensitive and rapid are different advantages. These
instrumental methods are both-tier here.

Worked interpolation. A stated linear calibration gives intensity 20 at 2.0 mg/dm3

and 60 at 6.0 mg/dm3. At intensity 35, c = 2.0 + (35 − 20)/(60 − 20) × 4.0 = 3.5
mg/dm3. Do not extrapolate beyond the calibrated range without evidence.
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2 Practice
2.1 Give potassium’s flame colour. [1]

2.2 Give the acid and following reagent used for sulfate ions. [2]

2.3 What can calibrated spectral-line intensity be used to measure? [1]

2.4 Complete and balance, with states: FeCl3(aq) + NaOH(aq) → … + … . Name the
precipitate colour. [3]

2.5 A white precipitate remains in excess NaOH. Give the two possible listed metal ions
and one further positive result that distinguishes them. [3]

3 Exam-style questions
3.1 Describe the test for iodide ions, giving both reagents and the observation. [3]
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3.2 An unknown gives a green flame, but a separate NaOH test records no precipitate.
Explain the inference and discrepancy; suggest how to improve the evidence. [4]

3.3 Explain two advantages of instrumental analysis over the specified simple tests, de-
veloping each with a measurement purpose. [4]

3.4 Fictional metal references X and Y and unknown U have the spectra below. Identify
the supported components of U, justify your inference and describe how the spectrum is
obtained. [4]

430 610

Reference X

470 560

Reference Y

430 470 560 610
Wavelength / nm (fictional reference data)

430 470 560 610

Unknown U
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3.5 Fresh portions of one pure soluble salt give a crimson flame, effervescence with dilute
acid and gas making limewater cloudy. Identify the cation and anion and explain why
effervescence alone is insufficient. [4]

3.6 A linear calibration gives intensities 12 and 52 at concentrations 1.0 and 5.0 mg/dm3.
An unknown gives intensity 32. Calculate its concentration and explain two controls/limits
needed before accepting the result. [4]
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